Vibrating Sample Magnetometry Study of High-Permeability Dielectrics on Nanomagnets
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* Single layer EPD consists of CoFe particles with a size of 4.6 nm £1.1 nm * Magnetization curve of EPD shows that it is superparamagnetic at room temperature

» High/Enhanced Permeability Dielectrics (EPD)

o _ » Nanomagnet samples » TMM - Nanomagnet Switching without EPDs
70 — 1 2 By [ 175 JEnhanced Permeability Dielectrics (EPD) Clock field =160 mT
Dot | | ooz ] Isolated magnets (~107 ) Coupled magnets (~107 )
60 ;_\
T " [ S S * Magnetron Lor . A l/ 107
i:% = o ﬁ‘” spuﬂ'erfng CoFe Particles T SOIated
j I T I s MgO Film
2 [ A W -y Gy « VSM - Regular 05
01— é : 100 Magnetization curves '
Permeability, 1 Li, et al, IEEE trans. magn. w
I—T[G. 3. Swilcllling field H,,, vs pqcrn?eabilliry o with EPD illl different po.si— 3292 (201 2). E D
‘ o s 0420’ NI i ey ). i ey b Li, et al, Proc. DRC, 2012. —.0.0 » =
Clock Stack dLarge Array of (107) Nanomagnets Pletambaram, et al, APL, = | 5
Input: Biasing Pietambaram, et al, APL 90, 143510(2007). T
li STT ! ¢ ¢ . F. . Li, et al, IEEE trans. 05} 05t
ne ot Heock = | = P (~19) 90, 143510(2007). E-beam lithography Magn. 4402 (2012). | 1
« Evaporation |
. i fiold i ; : : : - Liftoff Simulation Experiment
Magnetic fle.zld is generated.m the clocking structure to bias magnets in . VSM Transverse K - DTG A0F | .p o
the hard axis for re-evaluation magnetization 200  -100 0 100 200 200  -100 0 100 200
* Enhanced permeability dielectrics is expected to constrain flux lines measurement H (mT) H_(mT)
and improve the efficiency of field generation > TMM - Nanomagnet Switching with EPDs > Com pa rison with Simulations
 /solated Magnets d Coupled Magnets 1.2
1.0} 1.0 | 100 T ot 1
II II ‘i iA"'a;‘.?”,‘!‘&
t -"1 1o -
- 0 s “ 2 ‘“\No EPD | H “ :
» Transverse magnetization metrology (TMM) > Direct measurement of magnetic coupling ST . A 0>r . : oo o] |
_ With EPD 160 With EPD "y < 0.6y Isolated % W——
MOKE - Coupled magnets = : % _ : = with EPD no EPD
M ~ 0.0 —— — - =00 SIS A =2 0.4 Coupled
{ fngum 2 | After h tal = = | RS
30 nm o 30 fter horizonta - = n ll = ! = = n ll = |
Ctouph:lr;q?fleld Photoelectron Emission Microscopy (PEEM)=No * E%O H, (right, positive) 0 e 0.2 e o
strength X-ray Microscope 120l. | > magnetization V.o 05} | - ko
Spin Polarized-SEM - b
Spin Polarized-TEM . A . ol o (b) 2l
Scanning Hall Probe Microscope-250 nm ayout ot unit — ~ 107 Ni,gFe;sMo; magnets o T N E— e L 0 50 100 150
Pattern Layout T \ LA Magnetization , o o[ il starts from rdht Soid i) . o [ Fieid starts Trom[Aght (Soid Tine) -200  -100 0 100 200 200 -100 O 100 200 G. Csaba Hy (mT)
wt & : : = 2 * e H, (mT)
2R~ Sensing M, = = = | X H, (mT)
S 03} ' 203} * Isolated magnets: 2.5 times reduction in clock field ; coupled magnets: 4 times * Reduction in clock field is well predicted, which is consistent with experiments
g | 7 . reduction, translating to 16 times reduction in power * Reduction in remanent magnetization — improvement of model may be needed
External = “B = * Remanent magnetization keeps unchanged — EPD does not add bias to NML
Field H, 503 ., Zoa}
My vs. Hy | 2% mheuws iobofoome | £99] rssats fonloTootine Acknowledgement
SEM of 107 airs .‘ curves 400 -zooMagnetic?Field (m'?)00 400 400 -zog/lagnetic?:ield (mT)200 400
P Microsense EV7 VSM Vector Coils Simulation M, vs. H, curve Experiment M, vs. H, curve Funding Support
* DARPA, SRC NRI - MIND, ONR, and NSF
* Sample consists of millions of coupled horizontal-vertical magnet pairs * M, vs. H, curve demonstrates magnetic coupling and reveals switching Awards
* Magnetic field is swept along the horizontal axis while magnetic moments  behaviors of coupled magnets ) ) )
were measured along the vertical axis (M) by vector coils to create M, vs. * Measurement results are well correlated to the simulation data, which * Best Presentation in Session Award, TECHCON, 2012
H_curves validates the simulation model and improves its accuracy * Best Poster Award, NRI- MIND Meeting, 2012

* Best Student Paper Award Finalist, IEEE International Magnetics Conference, 2012



