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[ Spin-torque diode effect }
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Spin torque diode effect

RF current
= Magnetic resonance
= DC voltage
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> Rectification
3‘% Diode sensitivity = Voc (V) 5 {l}
3 Pee (W) LW
3 (p-n junction diode )
4 6 8 10 12 Diode sensitivity = 82,
Frequency (GHz) 5
~ 1000 V/W (50 Q)
A. A. Tulapurkar et al., ~ - -
Nature, 438, 339 (2005) \ 4000 V/W (High resistance) )

Purpose :To enhance the diode sensitivity



Development of Magnetic Tunn/el Junctions
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FeB free layer

The CoFe conposition dependence of J.,
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2 15 =~ - z - B Fe-rich CoFeB free layer
Z 1ok : T~ <" d = Jeo=2%10" Alcm?(CogoFezBy)
3 . 5~ v > Joo = 9><1O66A/cm22(Co16Fe64Bzo)
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Concentration of Fe

S. Yakata, Y. S. et.al., J. Appl. Phys. 105, 07D131 (2009).
Sample structure
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Three mechanisms of the effect

B Homodyne detection : A. Tulapurkar et.al., Nature (2005)
Linear FMR=> 5(9((0):> d?(a))x ) (a)) =V,

® Nonlinear FMR + | : C. Wang et.al., Phys. Rev. B (2009)
Nonlinear FMR = 68(w)= R =R, + &R(w)+ éRdC(Prf )

= ORy, (Prf )X loe = Ve

Dominant under large bias

B Stochastic resonance : Xiao Cheng et al., Phys. Rev. Lett. (2010)
RF torque + thermal fluctuation = Giant response

Dominant for unstable system under finite temperature
Giant response
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Signal force D. F. Russell, et al., Nature (1999)

Small response

hermal force



Sample structure & FMR frequency

MTJ Structure
BPerpendicular anisotropy

Free

CoFeB 2.8 nm Pinned

__CoFe  25nmm |

PtMn 15 nm
\ /

B CoFeB/MgO/FeB

BRP=210 Q

BMR=86 %

BJunction size= 100 X 100 nm?

FMR frequency
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Setup & Measurement condition

Measurement condition lgc
@D Tilted field (8 deg) ,
<€

@ +DC current (-0.4~0.4 mA)

7114



MR curve and measurement field |
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Spectrum under dc bias (Field I)

Large enhancement of the dc signal was
observed for the negative bias (unti-damping)

The result is well
explained by

a macro-spin simulation
at 0 K

Maximum sensitivity = 12000 V/W
(Much larger than that of p-n junction !)




Mechanism of the RF detection

Non harmonic potential
+

Energy pumping

Shift in the oscillation
. center
(Resistance change)

R=R,+ éR(a))+ Ry (Prf )

é\/dc = Idc X éRdc (Prf

Power detection

)



Non-linear FMR vs Homodyne detection

Non-linear FMR

R =R, +R(w)+R,P, j>
V4. may exceed Vi
6Vdc — Idc X éRdc I:)rf o Prf -

Amplification function

Homodyne detection
R:RO_qurf(a))\/rf j\> 6Vd <Vf

é\/dc — Irf (a))X éer (w)\/rf o« Prf

Enhancement factor

oV, (Non - linear FMR) 1

oV, (Homodyne detection) 1,



Field Il experiment

Field 11
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Field Il experiment

@ is stabilized by a current
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Field Il experiment
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o curve Exponential
o 0 Tt pumping of

RF power (uW) a global orbit

Power R=R,+ &?(a))+ Ry (Prf ) (Incoherent)
detection RN N =B

Maximum sensitivity = 7000 V/W at 1 uW

(Larger than that of p-n junction !)
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Using Nonlinear FMR and Stochastic resonance,

the Diode sensitivity can be larger than
that of semiconductor diode




