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Effect of plasma oxidation time on TMR devices prepared by a ICP sputter

Y oung Min Lee', and Ohsung Song

Department of Materials Science and Engineering, The University of Seoul, Seoul, 130743

(20013 8 1142 #k8 200149 109 8% HE24AKE wtg)

Abstract We prepared tunnel magnetoresistance(TMR) devices of Ta(50A)/NiFe(50A )/IrMn(150A)/CoFe(50A)/ Al
(13A)-0/CoFe(40A)/NiFe(400A )/ Ta(50A ) structure which has 100x 100 mm?® junction area on 2.5%2.5 o Si/SiO,
(1000 A) substrates by a inductively coupled plasma(ICP) magnetron sputter. We fabricated the insulating layer using

a ICP plasma oxidation method by varying oxidation time from 80 sec to 360 sec, and measured resistances and

magnetoresistance(MR) ratios of TMR devices. We used a high resclution transmission electron microscope( HRTEM)

to investigate microstructural evolution of insulating layer. The average resistance of devices increased from 16.38 Q
to 1018 Q while MR ratio decreased from 30.31 %(25.18 %) to 15.01 %(14.97 %) as oxidation time increased from 80 sec
to 360 sec. The values in brackets are calculated values considering geometry effect. By comparing cross-sectional

TEM images of 220 sec and 360 sec-oxidation time, we found that insulating layer of 360 sec-oxidized was 30 % and

40 % greater than that of 150 sec-oxidized in thickness and thickness variation, respectively. Therefore, we assumed

that increase of thickness variation with oxidation time is major reason of MR decrease. The resistance of 80 sec-oxi-

dized specimen was 160 kQm?* which is appropriate for industrial needs of magnetic random access memory{MRAM)

application.
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Fig. 1. Schematic illustration of a sample : (a) cross-sectional
view of a junction and (b) top view of a junction.
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Table 1. Sputtering condition of the each layer.

Layer depo. rate Ar flow Pressure Power Power
(A /sec) (scem) (Pa) (target/W) (coil/W)
Ta 0.5524 2.1 0.078 150 20
NiFe 0.6681 2.1 0.078 150 20
CoFe 0.4425 2.8 0.107 150 20
IrMn 0.7771 2.1 0.080 150 20
Al 0.8813 0.7 0.078 150 20
AlZch, 2HE] L WS 3.0Xx107° Pa ©)3}2) 3130,
Al deposition Ferromagnet 2 OEE Fofl Arg E25o] 39 2 Felcle) A
samoi et chamber o, 9 2AE Table 13} 2o Adt.
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Plasma 2 f-3Fe] 9.1 scem, Are] F30] 4.0 scemeo] A 8o

Fig. 2. Schematic illustration of the ICP magnetron sputter.
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Fig. 3. Schematic illustration of the ICP oxidation.
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Fig. 4. Schematic illustration of (a) a MR measurement system
and (b) probe system.
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Fig. 5. Resistances of each sample.
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Table 2. Resistance and MR ratio of each sample.
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Fig. 6. MR ratios of each sample, O measured MR and M calcu
lated MR with subtracting geometry effect.
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solid line is calculated MR-R data considering geometry effect.
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Table 3. Resistance and MR ratio of each sample considering geometry effect.

80 sec 150 sec 220 sec 360 sec
Measured True Measured True Measured True Measured True
Rl Q) 16.38 19.74 86.73 90.07 210.7 214.0 1018 1021
Rual Q) 21.35 24.71 106.5 109.84 249.0 252.3 1171 1174
MR(%) 30.31 25.18 22.79 21.95 18.13 17.88 15.01 1497
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Fig. 8. MR curves of each sample.
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Fig. 9. HRTEM cross- sectional view of TMR devices oxidaion time of (a) 150 sec, (b) 360 sec
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