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Fig. 1. (Color online) Several properties of GMR-SV film and device
by induced an uniaxid magnetic fidd. In case of 4-probe
measurement of MR (magnetoresistance); existence of a low MR,
zero point shift, and asymmetric minor loop. In case of 2-probe
messurement of MR; existence of a hyderess curve and an
irreversible low MS (magnetic sensitivity).
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Fig. 2. (Color online) (a) A picture of Real GMR-SV device with a
sze of 2x8um? and two Cu electrodes after photolithography
process. (b) A minor MR loop measured by using 2-probe method. A
noise sgnal and alow MSvalueis gill remained.
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Fig. 3. (Color online) (a) The rotation of permanent magnet for in-
plane orthogond GMR-SV during deposition. (b) Schematic of
GMR-SV multilayers with in-plane orthogonal easy axes included of
the free and the pinned ferromagnetic layers for applying bio-sensor.
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Fig. 4. (Color online) () Schematic of the structure of a dual-type
IrMn based GMR-SV film and the in-plane orthogond easy axesfor a
pinned layer and a free layer. (b) MR maor and minor curve for a
dual-type IrMn based GMR-SV fims with non-hysteresis and high
MR rétio.



_‘>i
N
o
Jo
ki

o
R
o
&p

).,
)
k0
>
>

-
ol

el 0 o

ox

ofl
4
o m-?l-': N

>0

f
5
Ql’,
s 32
LK)
2
%
<
i
T%
=
oft
L%
T
(=]
A
%

1==7] }7 o]aw S o3}
g+ Fig. 4(b)°ﬂ’\1 im] 2L insitu 0]
GMR-SV v} A|z=nbi-& O]J‘l tod AR 1A}
HZAI2A0 A A7AE 4 5438 2=
oﬂ Z Q3 7—]0]];]__

1o &2

o

E

> ot HHOAZ A

wd ol >\‘

< 0

00('
i‘t

Jiﬂi

i

Ta(bottom)/NiFe(free  FM  layer)/Cu(spacer)/NiFe(pinned
FM  layen/IrMn(AFM layer)/NiFe(piined FM I@/er)/Cu(spacer)/
NiFe(free FM layer)/Ta(top) T 722 %2 APIAIHE
Zk= GMR-SV tsabets AlAFsieith. 047]"1 AP S0
IrMn(AFM; antiferromagnet) 9} 1A3EY} Afz9] &2
Sh= NiFg(FM: fferomagnet) 53} AISIS-C2 Cu(spacer)s,
T2]a1 \ih(bottom)ys 2 EE (top)ye! Ta &
10°Torrdl 131 SFA|2HLS o] 831 vE](Cornlng
7059) 7|2 ¢]o] DC PlI|EE ~AvjEls Hhio s e
A Skt

ot SR QI7FE A A1 Al7Is 350
Oe o|ith. A7 RIA A7]E ZH= Ta, NiFe Cu, IrMn
EHIES AM83t ® 2w Fepzvke] s 7H
olu} EMl AEE 1o EAIE 2] S8 weuhs ARESIA
t}. Ta, NiFe, Cu, IrMne] Halo] tisk S2E8 22} 0.1
nm/s, 0.15nm/s, 0.12nm/s, 0.1 nm/s2|Att. ol t=Eet
TEAAM Tad, NiFes, Cus, NiFed, BF IrMng-2] X4
z79] FAE Z¥Z 5nm, 8nm, 23nm, 4nm, 5nmz &
2kst At

A Al 2 Ao 3

=4
S daolde
O

T\__ 3)(

ZZ
5]

U

aa =

1o
=
el

.

8%

9424*17%} 1714 @‘ﬂﬂ*l Anie]
TorZ FAXZ. g AP L5 o
A% A7 Arke 24

CISIGh. BER FTA o] FEARES 4
ol AT L2 fXsh= HYsk cy oz 7
Hlg Alete A% ol wEpAEs L*Oiﬂ‘r cuel B
o 2el7l MEARE YT 5 S SR 2
gslel A A3, 5°Cme .
7R AL X171

Al 2°CIme]

l"

A=} - Y

R

o134

WA $HA] 7] (exchange  coupling  field;
AR

(coercivity; H),
He), AF7143H] (magnetoresistance ratio; MR(%))=
A 4GP ARG SR AHI0 R S AR
S 2RE 742t A8kt

Fig. 5@= "t S3A] Aol A7 1do] fried Tas
nm)/NiFe(8 nm)/Cu(2.3 nm)/NiFe(4 nm)/IrMn(5 nm)/NiFe(4
nm)/Cu(23nm)/NiFe(8 nm)/Ta(5 nm) o570l thall =743k

R F4olth. Fig. 5= ¥ FIA SRA1g 4
< 0°EEAIA 180°EHEA)E FXAA SEE ©lF GMR-
sV tﬂ-l:ﬂ—g] 01Z }7 ]O 8- }.\Lgsg H]—s]:__i 55 MR
=o|t}. Fig. 5(c)9Jr ( = 3B AP UEks
T 9P 1o} ey Wgol
3 2502 43 MR Aol
o] GMR-SV HPEtA|go] zl5}gol5el] tigh MR 3
Fig. 5(@), (b), (d)lA 2] MREl= ¢F 65% 9]
= 7HAL Sl ol Tz FAVE ItMng-& SAleE St
HZ GMR-SV uHlal A= GMR-SV HHtol|A] zhze
VOIS ST, . TS AL A
7 shSel ARk oF 12 A% A28t o7t A3t
= teTE AT AW ARV Cuige AR S
3} Al 45 mgdgEeR s MRuIs A1 5

4n

do] TS ol UeRd &2 Al HET 25l digh
MR =421 Fig. 51X MREl= F 40% 9] 3oz
& ZQl oA |A8HAMR: anisotropy magneoresistance)

Magnetoresistance ratio (%)

-960 720 -480 -240 0 240 480 720 960

-960 -720 -480 -240 0 240 480 720 960

Magnetic field (Oe)

Fig. 5. (Color online) Magnetores stance property of dua-type GMR-
SV films depending uniaxia applied field after annedling treatment.
(8) Easy axis MR curve for asgrown samplein (a) 0° and (b) 180°. (c)
Hard axis and (d) easy axis MR curve in 90° induced by magnetic
field of 350 Oe after annealing at 250 °C during 1 hr.
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Fig. 6. (Color online) Mgjor (upper loops) and minor (lower loops) MR curves of a dual-type IrMn based GMR-SV films depending on 45 degree
by uniaxial applied field after annedling treatment with measurement angles of (a) 0°, (b) 45°, (c) 90°, and (d) 135°. There are severa conditions
such as aworking pressure of vacuum (5 x 10°6Torr), aannealing temperature (250 °C).
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Fig. 7. (Color online) Isotropy magnetoresistance property of (a)
major loop and (b) minor loop for a dud-type IrMn based GMR-SV
films depending on after an optimum annedling temperature of
105°C. An average value of isotropy magnetic senstivity (MS for
dual-type GMR-SV film is about 2.0 %/Oe.



-102- Hpo] @ AlX-8 A7 A -2 i W B Hteto] 5

—
2
~

(@)

[0)
%6\ o
s

)
b

(0= 0°15°30° 45° 60° 75° 90°] .,

0 15 30 45 60 75 90

Angle (°, degree)

Fig. 8. (Color online) (8) The schematic of measurement angles
(@ =0°, 15° 30°, 45°, 60°, 75°, 90°) for adud-type IrMn based GMR-
SV films. (b) Variation of magnetic sensitivity for an isotropy dual-
type IrMn based GMR-SV after annedling treatment.

=o —‘6:—1:11-/\-] ;(]_x]- o= ‘(I'DT'X @[—o T_—tjzyq A=y x}.j';(i%&— E

Fig. 8@= Fig. 7oA A3 s A1 548 2
= °lFTE GMR-SV vl A|RE S48k TAxoth 5
ZA) agAl vk g el v g s dolek 213
o7} WRte] 24w o= 0°, 15° 30° 45°, 60° 75°, 90%]
Atk Fig. 7(b)oll YERd minor loopd] A7 1@ =radollA
3 A0l MSY] 53 Fig. 8(b)oll YERNRITE H1=
Fig. 5@*9 HA¥HQA o]FFF2] GMR-SV2] maor loop
o] A7|AFTA EAS ZA] %ol Fig. 7(b)x1% minor
loopZ} FA7 o] +50e o3 w MREIS] Es|gle] o
AR gl ZOlEARE, S|ZHIE A B490] A fle
A 2AAEES HolFa vt =, MR 348 =43
u) Bhete] SRZ=T} @ ok R A PFE A7}
st w SHZIEe) FUgH AT WA Fo02 5%
3l A& minor loopSS 22t FA3 S A7 IAEerA

= 7HA eSSl

—)
8
_i_:

sl
(o]
3
X
rir
1o
pe)
i
2
(N
2
o2
oy
r o
o
S
4N
o
e
ol
o

o]
k

]

ok

Foz F i AAdT 1
AR e M= FHo] HE== 24

ook
oft e £

ke o] gol5or alrels 5
S5 slzElg 2T A9 gle AEEQ) A=
£ FAY Aoz Algdd. o3 Z23E dvHEY 00e
ol ool we miAl 2p7Pgel Wshe 7o) ez 1)
g5k S8 A7 1A 5448 2= minor A7 =4
wolom, APt FA Wdel 2 AeE Btk
ozt el Sol5 WS W AMUAE HAEsk=d 8o
& Hpele a2 A8 F 3l AoR HYh &, oleT

o
o
0

ok,

LU}
ul

2l

—

P ANV HG 5L 2 S .., - ARER) - g

o134

Z GMR-SV "ol 259 ®BAEo] HAstE Jehd
0 Oe TollA] @) w2 v 271e] S35 we) A
FHo= whgsle HAY IAE] % 21E 7] fidtel
At GMR-SV 227t aA| A1 &8 vlo|e. A=
AREE ) ZEojol & 9 EXo g A¥AQA A
o} & E93k 52 7ok st

BAIA 18T H AT YF A7) odEo] HiEA]
AWM M2 Awd v A7 vA] sjEd Axfe] Z7)A]
g 54l AMR 2 §lofjaz T o= HAPAQ1 AR
7Zree} o]F GMR-SV &= 23 2 s HES
Sokgt st sk F gl ¥
2AE e o, F GAE 58 A5 8
g0 E WA= HYo] Fadhe & 4 St

I3

o
-5,
Y
2,
R
H

v. 8

T

NiFe/CUNiFe/IrMn/NiFe/CuNiFe ©]ZT% GMR-SV =}
o] 27A7} 58S AT olFTE GMR-SV Hhet
£ 23 Awyler] SEAe] 255 25T/ S7HAIA A
A3EA] ARFgolEo] Wl WMeE f=3kact A
T 34F9 Ago|Se| oEshe olF 7 GMR-SV B
o] A7 AFAAS AT s v2A SA s
Apspake] 293 S AR AP 1EHAES Zie 84
g 257} 105°Ce] HHZAS A & IAE FHS
AR o)lFE GMR-SV B2 S471%ol| 0%E 90771A]
AT} oF 2.0%/0ez BIS=E A7) A8 B4 e
o, olegfgt A#E ol&st W AT AT A=
293 173% GMR-SV ¥ A= vlo]a® AH|ES
o] WaollA AEE & v = vlo|AMZ AMEE
7Fs/3E AT

Al =2

o] =F2 2010d% wWSHEly)ERe] AYo T el
ANere] 7)1 ATAKI (2010-0024665) A|L-S- Hiol =E oA
TATPH

EHoEs

[1] D. L. Graham, H. A. Feliciano, P. P. Fretias, L. A. Clarke, and
M. D. Amara, Sens. Acut. B 107, 936 (2005).

[2] S H.Pak,K.S. Soh, M. C. Ahn, D. G Hwang, and S. S. Leg,
J Kor. Mag. Soc. 16, 157S (2006).

[3] D.A. Baker, Nature 405, 39 (2000).

[4 G Li, S Sun, R. J Wilson, R. L. White, N. Pourmand, and S.



LAF=7> Journd of the Korean Magnetics Society Vol. 23, No. 3, June 2013

X. Wang, Sens. Acut. A 126, 98 (2006).

[5] S.S. Lee S H.Pak, andK. S. Soh, Sae Mulli 52, 564 (2006).
[6] B. M. de Boer, J. A. H. M. Kahiman, T. P. G H. Jansen, H.
Duric, and J. Veen, Biosens. Bioglectron. 22, 2366 (2006).

[7] 3. H. Min, A. Y. Song, Y. K. Kim, and J. H. Wu, J. Kor. Mag.

Soc. 19, 34 (2009).
[8] J G Chai, Y. S Pak,and S. S. Lee, J Kor. Mag. Soc. 22, 173
(2012).
[9] S. H.Pak, K.S. Soh, D. G Hwang, J. R. Rheg, and S. S. Lee,
J. Magnetics 13, 30 (2008).
[10] J. G Choi, T. J. Kwak, J. T. Shim, and S. S. Lee, J. Kor. Mag.
Soc. 20, 35 (2010).

- 103 -

[11] W. H. Lee, D. G Hwang, and S. S. Lee, J. Magnetics 14, 18
(2009).

[12] J G Chai, I. S. Koh, Y. M. Gong, M. H. Kim, Y. S. Park, D. G
Hwang, and S. S. Lee, J. Kor. Mag. Soc. 19, 1 (2009).

[13] ASTM Specid Technica Publication 371 S1, Direct-Current
Magnetic Measurement for Soft Magnetic Materials, ASTM,
Philadel phia (1970) pp. 28-38.

[14] D.K.Wood, K. K. Ni, D. R. Schmidt, and A. N. Cleland, Sens.
Acut. A 120, 1 (2005).

[15] D. W. Kim, J. H. Lee, M. J. Kim, and S. S. Lee, J. Magnetics
14, 80 (2009).

Post Annealing Treatment Introducing an |sotropy Magnetorsistive Property
of Giant M agnetoresistance-Spin Valve Film for Bio-sensor

P. Khajidmaa, Kwang-Jun Park, and Sang-Suk Lee™
Department of Oriental Biomedical Engineering, Sangji University, Wonju 220-702, Korea

(Received 15 May 2013, Received in fina 8 June 2013, Accepted 10 June 2013)

The magnetic easy axis of the ferromagnetic layer for the dua-type GMR-SV (giant magnetoresistance-spin vave) having NiFe/Cu/
NiFe/IrMn/NiFe/Cu/NiFe multuilayer structure controlled by the post annedling treatment. The magnetoresistive curves of a dud-type
IrMn based GMR-SV depending on the direction of the magnetic easy axis of the free and the pinned layers are measured by the
different angles for the applied fields. By investigating the switching process of magnetization for an arbitrary measuring direction, the
optimum annealing temperature having a steady and isotropy magnetic sensitivity of 2.0 %/Oe was 105 °C. This result suggests that
the in-plane orthogona magnetization for the dual-type GMR-SV film can be used by a high sensitive biosensor.

Keywords: dua-type giant magnetoresistance-spin valve (GMR-SV) film, magnetic easy axis, magnetoresistance curve, post

annedling treatment, isotropy magnetic property, magnetic sensitivity
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