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We have fabricated a series of highly sensitive spin valve sensors on a micron scale that successfully
detected the presence of a single superparamagnetiq bgadbeads M-280, 2.8m in diametey,

and thus showed suitability for identifying biomolecules labeled by such magnetic beads. By
polarizing the magnetic microbead on a spin valve sensor with a dc magnetic field and modulating
its magnetization with an orthogonal ac magnetic field, we observed a magnetoresiati&)ce

signal reduction caused by the magnetic dipole field from the bead that partially cancelled the
applied fields to the spin valve. A lock-in technique was used to measure a voltage signal due to the
MR reduction. A signal of 1.2 mV rms or 5.2of resistance reduction was obtained from ar3

wide sensor and a signal of 3.8 mV rms or 11.9 ftom a 2.5um wide sensor. Micromagnetic
simulations were also performed for the spin valve sensors with a single bead and gave results
consistent with experiments. Further experiments and simulations suggested that these sensors or
their variations can detect 1-10 Co nanopatrticles with a diameterléfnm, and are suitable for

DNA fragment detection. €2003 American Institute of Physic§DOI: 10.1063/1.1540176

INTRODUCTION FABRICATION AND MEASUREMENT

In the past few years, giant magnetoresisti@MR) A series of spin valve sensors with a width from 1 to 3
structures like spin valve have become a potential sensingm have been fabricated. The spin valve structure is Si/Ta 3
element in various biosensors for detection or identificatiomm/seed layer 4 nm/PtMn 15 nm/gBe;;, 2 nm/Ru 0.85 nm/
of biomolecules:™ In these biosensors, magnetic micron- CoygFe;, 2 Nm/Cu 2.3 nm/ CgFep 2 nm/Cu 1 nm/Ta 4 nm
sized particles were used as markers of biomolecules and thgith a magnetoresistand®R) of 10.3% and a sheet resis-
GMR elements detected the presence of the particles thaince of 18.41). As shown in Fig. 1, rectangular spin valve
were immobilized to the sensors through intermolecular instrips were patterned out of blanket wafers so that the pinned
teractions, e.g., DNA hybridizatichA major advantage of magnetization of the spin valve lies in the transveigith)
the magnetic labels over the fluorescent ones is the low redirection of the strips and the easy axis of the free layer lies
quirement for sample amount, for which the tedious bioen4in the longitudinal direction. Thick300 nm Al leads were
richment procedure may be avoided. Further, GMR sensongen deposited on the strips using liftoff technique. The Al
can be easily integrated so that multianalyte detection on Rads also define the middle section of the strip as the active
single chip becomes possilfié.In this type of application, area of the spin valve. After that, half of spin valve strips
the detection of presence or absence of magnetic particles is
a key issue. The detection methods used in prior reports are
either magnetizing the magnetic particles by an out-of-plane
ac magnetic field and measuring an ac signal from the GMR
elements; or applying an in-plane field to measure a dc
signal changé.In this article, we demonstrate the detection
of a single magnetic microbead by highly sensitive spin
valve sensors in a different method, i.e., applying an in-plane
biasing dc field and an orthogonal in-plane ac field and mea-
suring the corresponding ac signal change from the spin
valve sensors. The experimental results are also compared
with micromagnetic simulations for magnetic microbeads

and nanoparticles. FIG. 1. (a) Optical microscope image of a Am wide spin valve sensor

array and(b) scanning electron microscope image of ah wide sensor

strip (centej. The dark bar in the center of imade) is the photoresist

dAuthor to whom correspondence should be addressed; electronic maipassivation layer. The orientations of the free and pinned magnetizations
sxwang@ee.stanford.edu Mree @AM pinneg, are also shown ito).
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FIG. 2. Schematic of the measurement setup for spin valve sensors. The

sensor chip is placed in the plane of a dc figlgland an ac fieldH, . A pair b h d ref . il be brok
of sensomR,,,and referencd,; strips form a Wheatstone bridge with two ance between the sensor and reference strips will be broken

off-chip resistorsR; andR,. The signal is measured by a lock-in amplifier. @nd a nonzero ac signal will appear with an rms amplitude
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were covered by a &m thick photoresist layer that was then \/§R2
hard baked as a passivation. The passivated spin valve strigs o e a is the gain of the differential amplifieRe., the ac

are effectively shielded from magnetic particles and therep, of resistance of the sensor strip in the detection state,
fore can serve as references to the unpassivated ones. The

unpassivated and passivated strips are called sensor and rﬁ]pédﬁlzsg,;;rt]ssre&stance change of the sensor strip between
erence strips, respectively. '

Figure 2 shows the schematic diagram of the measure-
ment setup. The sensor chip is placed in the gap of twdRESULTS AND DISCUSSION
orthogonal electromagnets in such a way that the longitudi-
nal direction of the spin valve strips is aligned with a dc bias
field H, and the transverse direction parallel to an ac tickling
field H, . In this configuration, the spin valve is biased by the
dc fieldH,, to its most sensitive and linear point. Meanwhile,
magnetic particles on the chip are polarizedHyyand have
their magnetizations modulated by the tickling figtd. A
pair of sensor Rg.) and referenceR,¢) strips on the chip
and two off-chip resistorsR; andR,) form a Wheatstone
bridge circuit. A voltage signal from the bridge is amplified
and then measured by a lock-in amplifier at the frequency o
H:. In the linear region, the resistance of a spin valve stri

We have tested the spin valve sensors for superparamag-
netic beads with a diameter of 2.8n (Dynabeads M-280
These microbeads are polymer beads with an even dispersion
of iron oxide (y-Fe,03) nanoparticles and are commonly
used as magnetic labels for biomoleculéSmall amount of
diluted water solution of Dynabeads was first dropped onto
the sensor chips. Some beads would rest on the active area of
sensor strips when the water evaporated. The strips with a
single bead in the active area, such as the one shown in Fig.
?, were identified under an optical microscope, while a ref-
erence strip without any beads was also chosen. We then put
TS _ Rhe chip into the measurement setup and balanced the sensor
under the ac tickling field may be expressed RSR  gyip with a single bead present and its reference in their
+Rsin(wt), wherew is the frequency ofi;. By tuning the initial states. The signal in the detection state was measured
variable resistoR,, we may balance the difference betweenafter removing the bead from the sensor strip by dissolving
the sensor and reference strips and get a zero ac signal in thge beads back into water and blowing them off the chip. The
initial state wherR,/R;=R%,(R%;. R%,,andR%; are the ac measurement results for two spin valve sensors each with a
parts of resistances of the sensor and reference strips in tlsingle bead are listed in Table I. The frequencHefwas 40
initial state, respectively. If there is a magnetic particle sit-Hz and the gairA was 100. The noise levels were also mea-
ting on the sensor strip, the magnetic dipole field of the parsured by the lock-in amplifier wita 1 Hzequivalent noise
ticle will partially cancel the applied fields in the free layer, bandwidth. The initial state signa‘goig were tuned as small
particularly in the transverse direction, reducing the MR re-as possible, below the noise level. When the beads were
sponse of the sensor strip. As a result, when a magnetic paremoved, we observed a jump in the sigia},, well above

ticle is added to or removed from the sensor strip, the balthe noise level, which clearly indicated the difference be-

TABLE I. Experimental data for two spin valve sensors with a single/8 diam magnetic bea(Dynabeads M-280and the micromagnetic simulation
results. The voltages are all rms values. Them wide sensor is also shown in Fig. 3.

Sensor size  Active area H, Hp Vias R,/R; Ve Vioise Veig/Vaoise ARgen ARegen simu
(um?) (um?) (Oe rmg (Oe (V) (kQ/KQ) (mV/mV) (mV/mV) (mQ) (mQ)
3%x12 3x4.1 32.0 120.0 30.0 9.134/9.532 0.03/0.09 1.2/0.1 5.2 5.6
2.5x10 2.5X3.8 38.0 94.0 100.0 22.202/24.862 0.04/0.15 3.8/0.3 11.9 13.3
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tween the initial statépresence of a single beadnd the resistance change of 1.4(min a 0.2 um wide spin valve

detection stat¢absence of the beadin addition, the resis- sensor. Therefore it is possible to fabricate spin valve sensors
tance changes of the sensor strm'ggsen were calculated that can detect 1-10 Co nanoparticles, which would dramati-
using Eq.(1) and listed in Table I. The positive sign ¥ cally reduce the sample amount needed for DNA fragments

or AR, confirmed that the magnetic bead reduced the MRI&tection.
responses of the sensor strips as expected. Since the detec-

tion of a bead’s presence is simply the reverse of detecting it€ONCLUSIONS
absence, it is apparent that the spin valve sensors are capable

! . . We fabricated a series of highly sensitive spin valve sen-
of detecting the presence of such a single magnetic bead. ghly P

2 . . ) sors on a micron scale and demonstrated that these sensors
. In add|t|qn tp the .experlments, tyvo-dlmensmr(aD) have successfully detected a single 2@ diam magnetic
micromagnetic S|mglat|ons for .the spin valve SENSOrs Wergoqd. The micromagnetic simulations further confirmed the
also performed using the object orlented mlcrpmagne“%etection capability of the spin valve sensors. Therefore the
framework (OMMF) softwar_e from Na_tlonal Institute of spin valve sensors can be used for identification of biomol-
Star_lda_rds and TechnoloBsince the spin valve has a syn- ecules like DNA fragments labeled by such a magnetic par-
thetic pl_nngd Iay(_ar, only the free layer will be affected by theti le. The experiments and simulations also suggested that a
magnetic fields in measurement. For that reason, we use bmicron spin valve sensor would be able to detect only a

SOM:\:AF tof S'mlflate otnly tgte.ma;gnetlzatlon bedhawol\r/lgf thefew Co nanoparticles and make the identification of a single
Q0™ Iree 1ayer 1o obtain the corresponding "€ DNA fragment possible, which is also the direction of our
sponses. The saturation magnetizati@f40 emu/crf) and future research work

exchange stiffnesdl.53 werg/cm of CoggFe; o were obtained
from Ref. 7. By fitting the GMR transfer curvénot shown
in this article, the uniaxial anisotropy field was found to be ACKNOWLEDGMENTS
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