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In PHR sensor, PHR signals V54 was proportional to the driving current, V¢ and V5 signals were caused by self field by sine wave
driving current. The Vppr and Vo, by sine wave driving were well fitted with calculated one by single domain model. The Vppe by
square wave driving were measured as the 1f, 37, 5f.... signals, which higher order harmonics were included in square wave. The Vpc
and VZ"(“ by sine and square wave driving showed same magnetic field dependence and Vf)q(" =2Vpe. The magnetic bead signals by
square wave driving were 2 times higher than that by sine wave driving. Thus square wave driving can be used for the accuracy
improvement of biosensors.
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Fig. 1. (Color online) Photography of PHR sensor. The insert figure
shows the coordinates for magnetization vector with angle 6 from
driving current /. Here, H,, H; and H are exchange bias field,
magnetic field induced by driving current and applied magnetic field,
respectively.
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Fig. 2. (Color online) Magnetic field dependence of Vpp (red circle)

measured by sine wave driving method. The blue line was calculated
by single domain model.
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Fig. 3. (Color online) Magnetic field dependence of V> (red circle)
measured by sine wave driving method. The line was calculated by
single domain model.



LATE=> Journal of the Korean Magnetics Society Vol. 31, No. 2, April 2021

5] A7 9&4s vERA Aol Fig. 394 €3 vt
AFEA= 24 FAYola, XA ddx -t RS
olg3le] Alel Avtoltt, G A Bl AR 93 W
T Ve AT ARSSE 23} FUT AFE ARESIS o,
A A7V Hyp =0.5 0eE 5712 AM83I3AT). Fig. 3914
Vool tigk 271 o2 S4 dife Akt Zdaer Ixs)
At

@ Fae EAS 2t AR FE Qg Vet Yy
=4 Aye 9l A 2d ARE Aol dR)sier, o
gt A9E ts T 5498 e AREE s A
ot =9 547 Hlusiiint.

2. AT 75 By
TE FAGTL £ ATk (Square wave) AR TE T
v fo] S5l aa) 23R o) oA UuH11].

_, 4 - sin((2n — 1) wt)
! [Dzn; 2n—1 ©
ol2)gt Allal MFE AM&Sle] PHR AXE F58hs 4,
Azl e AFel x8kE 1z 23t AR o] Vg,
A 5o 7]odgi},

_4p . 1. 1. ;
VPHR_TSIHZ sma)t+§sm3a)t+§sm5wt+ @)

Fig 45 0% 7ok 549 2 Ab) 750 o
Verr A1&0] 27174 o]&43S YR Foltt. Fig. 4041 AL
Aol TR £ ¥ ¥ TR 2 A7 42 o)
Verr A& Fig. 30014 Bl ARG 7150 &3t Alse} &
A3 A7 GBS Balom, Zizte] Ful sdehs

PHR signal, V. (mV)

30 20 10 0 10 20 30
Magnetic Field (Oe)

Fig. 4. (Color online) Magnetic field dependence of Vpyr (1f, 2f, 3f
signals) measured by square wave driving method.
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Fig. 5. (Color online) Magnetic field dependence of fog (red line)

and Vpc (black line) measured by square wave and sine wave driving
method, respectively.
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Fig. 6. (Color online) Magnetic field dependence of bead signal Vi..q
measured by V5. The inset figure shows measured magnetic field
dependence of V5, with (red line) and without (black line) magnetic
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measured by Va;, Vpc and V;]Cu, respectively.
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