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Properties of Exchange Bias Coupling Field and Coercivity
Using the Micron-size Holes Formation Inside GMR-SV Film
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The holes with a diameter of 35 um inside the GMR-SV (giant magnetoresistance-spin valve) film were patterned by using the
photolithography process and ECR (electron cyclotron resonance) Ar-ion milling. From the magnetoresistance curves of the GMR-SV
film with holes measuring by 4-electrode method, the MR (magnetoresistance ratio) and MS (magnetic sensitivity) are almost same as
the values of initial states. On other side hand, the H,, (exchange bias coupling field) and H, (coercivity) dominantly increased from
120 Oe and 10 Oe to 190 Oe and 41 Oe as increment of the number of holes inside GMR-SV film respectively. These results were
shown to be attributed to major effect of EMD (easy magnetic domian) having a region positioned between two holes perpendicular to
the sensing current. On the basis of this study, the fabrication of GMR-SV applying to the hole formation improved the
magnetoresistance properties having the thermal stability and durability of bio-device.
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Fig. 1. (Color online) The permanent magnet and the patterning

GMR-SV multilayer patterning samples having a width of 0.5 mm
and a length of 2.5 mm by using a shadow metal mask.
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Fig. 2. (Color online) (a) Schematic of the GMR-SV films with 4-
probe electrodes and holes patterned by a shadow metal mask and a
photolithography process. (b) Photographs of the patterned GMR-SV
with holes of a diameter 35 um. The sample has a width and a length
of 0.5mm and 0.4 mm, respectively. The GMR-SV multilayer
structure was Ta(5 nm)/NiFe(8 nm)/Cu(3.0 nm)/NiFe(4 nm)/IrMn(8 nm)/
Ta(5 nm). Real photograph of the typical holes with a size of dia. =
50 um inside GMR-SV film patterned by photolithography and ECR
Ar-ion milling.
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Fig. 3. (a) Major loop and (b) major loop of MR curves for the original
glass/Ta(5 nm)/NiFe(8 nm)/Cu(3.0 nm)/NiFe(4 nm)/IrMn(8 nm)/
Ta(5 nm) GMR-SV multilayer with A, =10 Oe, H,, = 120 Oe, MR =
3.0 %, and MS = 1.0 %/Oe without holes patterned by photolithography
and ECR Ar-ion milling.
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(a)35 pm, 1 Hole (b) 35 pm, 2 Holes

(c) 35 um, 3 Holes (d) 35 um, 4 Holes

Fig. 4. (Color online) Photograph for the several holes inside GMR-
SV film patterned by photolithography and ECR Ar-ion milling; (a) 1
hole, (b) 2 holes, (c) 3 holes, and (d) 4 holes with a size of
dia. =35 um. per area of 95 pm x 95 pum.
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Fig. 5. Major MR curves for the IrMn based GMR-SV films having
(a) 1 hole, (b) 2 holes, (c) 3 holes, and (d) 4 holes with a size of
dia. =35 pm.
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Fig. 6. Minor MR curves for the IrMn based GMR-SV films having (a) 2 holes, (b) 3 holes, and (c) 4 holes with a size of dia. =35 um.
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Fig. 7. (Color online) The surface resistance (R,), magnetoresistance
ratio (MR), coercivity (H.), and exchange bias coupling field (H,,)
versus the number of holes patterned inside GMR-SV films. The gray
color region is noticed to the dominant increment of R, H,, and H,,
except R, as increment of the number of holes.
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Fig. 8. (Color online) Two rectangular regions so called EMD (easy
magnetic domains) are represented the increasing reason of the
coercivity (H,) and exchange bias coupling field (H,,) depending on
the number of holes inside GMR-SV film. The EMD is positioned at
one region between two holes perpendicular to the direction of current
flow and is included of the configuration of two magnetic arrows
corresponding to antiferromagnetic IrMn layer and ferromagnetic
NiFe layer.
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