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Abstract

We investigated the evolution of magnetoresistance and magnetic property of tunneling
magnetoresistive(TMR) device with microstructure and plasma oxidation time. TMR devices have
potential applications for non-volatile MRAM and high density HDD reading head. We prepared the
tunnel  magnetoresistance(TMR)  devices of Ta(50A)/NiFe(50A)/IrMn(150A )/CoFe(50 A )/Al(13
A)-O/CoFe(40 A)/NiFe(400A)/Ta(50A) structure which have 100%100 g’ junction area on 25%25 crf
Si/Si02(1000A) substrates by an inductively coupled plasma(ICP) magnetron sputter. We fabricated the
insulating layer using an ICP plasma oxidation method by with various oxidation time from 30 sec to
360 sec, and measured resistances and magnetoresistance(MR) ratios of TMR devices. We found that
the oxidized sample for oxidation time of 80 sec showed the highest MR ratio of 30.31 %, while the
calculated value regarding inhomogenecus current effect indicated 25.18 %. We used transmission
electron microscope(TEM) to investigate microstructural evolution of insulating layer. Comparing the
cross-sectional TEM images at oxidation time of 150 sec and 360 sec, we found that the thickness
and thickness variation of 360 sec-oxidized insulating layer became 309 and 40% larger than those of
150 sec-oxidized layer, repectively. Therefore, our results imply that increase of thickness variation

with oxidation time may be one of the major reasons of the MR decrease.

Key Words : TMR, ICP, Tunnel magnetoresistance, MRAM, Oxidation time dependence.

LM B A Es) AT ABHT e ALY A2l

=224 MRAM3 FRAMe] glow, e

A2 gwia ses 2 aus gaar i O RS SR B0 08
:llzflo“/\;}a‘t‘ ?}ji:;l}?;?iet:liiiiv:]?];E/if}g Fos 4Ro17j2 goagage 409, S,
eol wa ) o MRAMI23]e1& MR w2t #2o) st 4ejg of
A=) w8 977 Bus AYAR Sk o T ey aama, A

4 radiation hardness 59 EA4E& uveldle x4

AEA gt Ay g st 0 Wz 232 @4 A7 Ade] I Fold,
21%8;-52?5?5363@%% %0, TMR(tunneling magnetoresistance}) A& 7
E-mail © e0min@sida.uos.ackr) AET/AAT/AANT T2E AE AR ©
2001d 1149 239 A4, 20019 129 179 1% HALgE, o #A% YFos WFE FFY, FF A4

20024 1€ 129 HF AAgs

373



J. of KIEEME(in Korean), Vol. 15, No. 4, April 2002.

29 23 wjd Aed wil HAFNMe HA
gdy HEFo| gtz HY Aol Wi &
Aoz 19754 Julliere[d]d] o8] A& EAHAUL,
I ¥ 19893 Slonczewskil5]lel <3 F#¥Ho 2
ool HPHAL. ey, FAdE FALAA
o Ar1AEg AL B agA d84E A
B23tirt 19951 Mooderal6]7} evaporation ¥ &
o) gate g% whatg Avtsian, 229 H(glow
discharge) ez Adog FA3te 294
18 %2 F7|AaeE A= ° AFsa, v
Al 7)ol Miyazaki[7]17F A& ti7] FolA Atst
A7le HHoR 18%9 42 AVIAYUHE d=
d 4FF olF, nYE = taze A b
gty wWraed MRAMAY $& T & 7%
e BHo Be A7) o|FolA 3 Yrt.

2 AFory = Ta/NiFe/IrMn/CoFe/AlQ/CoFe/
NiFe/Ta 729 TMR £A& A zso &a A%
o gl FaF Werr He dd sy ¥4
A F Egz2unt A8AE 2Eso olwe] A
Qutze nATz WEIF TMR &2 S49 ¥
e g3 A7 A, A7A 54 dEE golin
2l st

2.4 8

TMR 238 34 71%og FHARE AL
7] s 1000 A9 Gisiete G FHA 10
m® (100)Si 71 B}E& 25%25 e AV Ads}
o] Alg3tTh. ®He f7|Eolv e olERS
AAs7] fg AA olEe g 08T 2F
3 AHe Aetn, 70 T ALz A

g A g AbgEle] 29 13 2 FH=E
A z7t  Tal(50A)/NiFe(50A )/IrMn(1504)/Co
Fe(50 A )/Al(13A)-0/CoFe(40 A }/NiFe(400A)/Ta(5

) TZ2& 71 AE 100 md AAE BHdFH
28 wEo AZF AAY ®HIMFLAS FHd
2 19 20 v dAdE HAAE axe
2y 29 o] AR & Zu &5 IEF
e 443ty AYL HojFa tE IF L
dastd Age 2HsE WEE g

o] of AL&g FF ey 24L& Z7 CoFe =
75:25 at %, NiFe = 80:20 at %, IrMn = 215785
at %, FeMn = 46:54 at %2 AM$sR, YA
¥ 99.99% o4 #345% AHgEAth

NHENA, A, AYAYPUR o FR

374

ICP A4l wtadEe 2degozE) 4 3¢ @
£3, AIg AN Aute Yol 4]
728 2 TMR 2748 Asisin,

AME7t Bd 719E AHEH H(sample pre-

paration chamber)dl $1XA1Zl %, 3.0x10° Pag]
o] @ WA AFoe UHE F AR
{ferromagnet depositon chamber)® &Zth =4
Pa2]

g gaey  30x10° AFow TE

Passivation
layer

Upper(free)
layer

Bottom(pinned)
layer

|— Seed layer

Substrate

a3 1. AHY AT AHE

Fig. 1. Schematic illustration of cross-sectional
structure of a sample.
Bottom
layer
Voltage Y
Insulating
layer

Upper Current

layer

>

ad 2. A4x% TMR A9,
Fig. 2. Top view of a TMR sample.



F e YyYstn oA dr)Fes Ao o
g vl23E sl oA AsA(Al de-
position chamber)2 &7 1.4x10” Pa%] Ao =2
TEX AlE F3 3 F ALE FEFo AL E
gt2vtE AEE AT A g7 F22 Ao
upRlet mpaa2 wEstn, 28 eAdE g
FAANA RS P4 AsgEe Ale
13 A FA=Z2 3Nz Fo Egzn Aiyor
A FT, o] M AME AvEy 2
2 olde HRE =F FAdsioHIl

Al Aste AduasesE e AsAe A
W oA PFetadgdor 14x10° Pag] AEBoR
TE F Are E8Fo AlS 13 A FAE F238
2 Fd AdarE 9AF EeFe Zgzv Ak
3E HAIEA ddeE(ADY A e g
Azt @& TMR 429 AZR& Qolr7) Y3t
& 30, 50, 80, 150, 220, 360 secd 6714 & @3}
WA ddE3E vED 0% AHue e 27
2 A3t

aF 37 o] AF 49AY LS &5 gA4d9
A28 AHe MRHIS HF}E&E ZHsAnh &R
Z AE2H YRS FEE A48y T
i, B UE dFoAN e e wez
A g 2AAT. ARY L2 HHL 9o
409 Huldg & A9 "4 Fo] ol A A
71 four-point probeE Al&3le] Fig. 2o Ve
ulel Zo] 2709 @Al ARE saA % F U
Wz 2708 gt A Age E=AHsgrt

o] W] ¢171HYL 1 mVE a1, ~-200 Oedl
Al 200 Oe7tA 9] A4S AEHog 587 3§do
2 Oevithe] A &g 24ste] An Aesd H4 A
ge] zol& MRHE ZA3¢th MRyl RAoe
o3 ol A (DE g

= =2
SEE

MR=ATR X 100(%) (1)
4

A7|M 4ARE Ao HAngd Highel zo]o
I, Rpe ¥ A4Fo] BadEd we AHy =
2 ge] FHAgro|u),

AdrtEe AsAE 283l 94¥ TMR
29 3 9dHg F3dA48v A (transmission
electron microscopy : TEM)S.2 Zastgch 4
AgdyH FERAx@vd #38 7 ddAAe
Hent2a g AL & @5, AFTRE FYsH

375

A7 MR A B8 3 =5, Vol. 15, No. 4, April 2002,

4-point
probe

/ Sourcemeter
11
LU u V - Voltmeter

Sample

N

4 Data aquisition

vy

a3 3. A7 F4FA AFE,
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