ISSN (Print) 1598-5385
ISSN (Online) 2233-6648
LAT+=> Journal of the Korean Magnetics Society 24(4), 101-106 (2014) http://dx.doi.org/10.4283/JKMS.2014.24.4.101

Detection Characteristics of a Red Blood Cell Coupled with Micron Magnetic
Beads by Using GMR-SV Device
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The glass/Ta(5.8 nm)/NiFe(5 nm)/Cu(2.3 nm)/NiFe(3 nm)/IrMn(12 nm)/Ta(5.8 nm) GMR-SV (giantmagneto- resistance-spin valve)
multilayer structure films with a magnetoresistance ratio (MR) of 5.0 % and a magnetic sensitivity (MS) of 1.5 %/Oe was deposited by
dc magnetron sputtering method. Also, GMR-SV device having a width of 7 um~8 pum similar to the diameter of RBC (red blood cell)
was fabricated by the light lithography process. When RBCs coupled with several magnetic beads with a diameter of 1 um dropped
upon the GMR-SV device having MR = 1.06 % and MS = 0.3 %/Oe, there is observed the variation of about included of a resistance
value of AR=0.4 Q and AMR = 0.15 % around a external magnetic field of —0.6 Oe. From these results, the GMR-SV device having
the width magnitude of a few micron size can be applied as the biosensor for the analysis of a new magnetic property of hemoglobin
inside of RBC combined to magnetic beads.

Keywords : RBC (red blood cell), magnetic bead, gaint magnetoresistance-spin valve (GMR-SV) device, magnetic sensitivity,
biosensor, photo lithography

GMR-SV &A= 0[E¢t 0|32 Atdu|=2t Zehsl HET dE 5S4 o7

ORI - UEE - OlAA*
AN Aol st 49 954 $4FE, 220702

=712 ISR LAAT-H MAPAE B4 AT, AEA] FoldR 150, 120-140

(20149 6¥ 179 Bg, 20149 7€ 1Y HFTFAHE O, 20149 7€ 19 AAERA)

Dc PV ER AHEYHOR 74| 5.0 %2} AFSE 1.5 %/0eZ 25 glass/Ta(5.8 nm)/NiFe(5 nm)/Cu(2.3 nm)/NiFe
(3 nm)/IrtMn(12 nm)/Ta(5.8 nm) TFe-T% GMR-SV ¥2RE 3519}, 3 glaes] 3402 3T A% 37|90 7 pm~8 pm
o] AHZ] GMR-SV &A1 ARSI 27 1 um 37191 o3 7] Adl=r) 23k JE4E A7 |- 1.06 % AP
ZHE 0.3 %/0eE ZH= GMR-SV Z2xjol] Hojre] 0.6 Oe F-2olA 2F 0.4 O3} oF 0.15 %] H3=E 3Tt B 724
H a2 379 AFS Z25= GMR-SV 2Pt AMHIEE A3 A1) slEa2Rle) A2 A 5448 245k vlo]
AMZ FE3 F S-S BT
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Fig. 1. (Color online) (a) Major loop and (b) major loop of MR curves
for the typical glass/Ta(5 nm)/NiFe(8 nm)/Cu(2.5 nm)/NiFe(4 nm)/
I'Mn(8 nm)/Ta(S nm) GMR-SV  multilayer with H.=55 Oe,
H,.=2650e, MR =5.0 %, and MS = 1.5 %/Oe.
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H](magnetoresistance ratio, MR)= Z*== ZZ3}H glass/
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Fig. 2. (Color online) Apparatus and process of UV-lithography; (a) mask aligner, (b) principle of lithography, and (c) mask pattern with devices

and electrodes.
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Fig. 3. (Color online) Etching principle using ECR-ion milling; (a) schematic of ion milling system and (b) creation of groove by Ar+ ion

bombardment.
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Fig. 4. (Color online) Three images of (a) RBC (red Blood cell)s and (b) MB (magnetic bead)s with a solution of 50 mg/m/ (Co-Si-OH), and (c)

RBCs coupled with MBs, respectively.

(b)

Cu-electrode

GMR-SV device

Fig. 5. (Color online) (a) Photograph for GMR-SV devices and Cu
electrodes; the number of devices is 66 and (b) the width size of
device is about 8 um with red blood cell (RBC) coupled with
magnetic bead (MB) upon on GMR-SV device after dropping.
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(@) Two-probe Tips (b) Before dropping (c) After dropping
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Fig. 6. (Color online) The minor magnetoresistive curves measurement stage by 2-probe needles composed of micro adjustable stages for the
micro-patterned GMR-SV device with the perpendicular direction of the axis sensing current. The easy axis of pinned NiFe/IrMn bilayer oriented
to the width direction of device and the direction of the easy axis of free NiFe layer oriented to the longitudinal direction of device due to the shape
anisotropy. Comparison of magnetic bead dropping; Minor loops of (b) before and (¢) after RBCs couped with magnetic beads dropping on GMR-

SV device.
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