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Aim

B2. IEC

C1. CIMS experiment

Interlayer exchange coupling

A2. E-beam lithographyA1. Deposition

Sample preparation

Current induced magnetization switching

•• deposited using deposited using a a TimarisTimaris
PVD cluster tool system from PVD cluster tool system from 
SingulusSingulus TechnologiesTechnologies
•• DC DC and RF and RF magnetron magnetron 
sputteringsputtering
•• linear dynamic deposition linear dynamic deposition 
(LDD) wedge technology (LDD) wedge technology 
•• the the MgOMgO barrier thickness barrier thickness 
between 0.62 and 0.96 nm between 0.62 and 0.96 nm 
along 8 inch wafer (slope along 8 inch wafer (slope 
rate of 0.017 nm/cm)rate of 0.017 nm/cm)
•• base pressure before base pressure before 
deposition was 10deposition was 10--99 mTorrmTorr
•• annealed in a highannealed in a high--vacuum vacuum 
furnace for 2h at 360Cfurnace for 2h at 360C under under 
an applied magnetic an applied magnetic fifield of eld of 
10kOe10kOe

•• 2 step lithography process using 2 step lithography process using ee--beam beam 
lithographylithography, , ion millingion milling, , liftlift--ooffff
•• 3 3 sizessizes::

••0.030.03 (160 x 250 nm)(160 x 250 nm)
••0.080.08 (280 x 430 um)(280 x 430 um)
••0.130.13 uumm22 (280 x 620 nm)(280 x 620 nm)

•• ffor thick or thick MgOMgO barrierbarrierss ((down to 0.75 nmdown to 0.75 nm) ) the the 
change of the change of the TMRTMR value is relatively small (from value is relatively small (from 
170%170% to to 150%150%))
•• wwhen the RA hen the RA < < 22 OhmuOhmumm22 (0.7 nm(0.7 nm MgOMgO) the ) the TMRTMR
starts to dropstarts to drop (the (the barrier imperfectionbarrier imperfection))

C2. Conclusions

B1. Energy model [2]
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A3. Wafer level characterization

•• higher switching current density higher switching current density was was observed observed for the for the MTJMTJ
withwith 0.71 0.71 nmnm MgO MgO 
•• tthe decreasehe decrease of the of the critical current density critical current density with increasing with increasing 
barrier thickness barrier thickness can can qualitatively qualitatively be explained by be explained by anan
increase of tunnelingincrease of tunneling spin polarization (spin polarization (TSPTSP))
•• more emore effifficient spin cient spin fifilter elter effffect in ect in thethe thicker thicker MgOMgO barrierbarrier
[[55]]
•• TSP derived from TSP derived from ththe e TMR ratio is TMR ratio is 0.670.67 for the MTJ with for the MTJ with 
0.96 nm 0.96 nm MgOMgO and and 0.580.58 for thefor the MTJ with MTJ with 0.71 nm 0.71 nm MgOMgO
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High density and fast MRAM can be implemented using the High density and fast MRAM can be implemented using the spin spin transfer transfer 
torquetorque ((STTSTT)) effect, i.e., free layer magnetization reversal induced by a effect, i.e., free layer magnetization reversal induced by a 
flow of a high density spinflow of a high density spin--polarized current through a MTJ. STT was polarized current through a MTJ. STT was 
introduced theoretically by introduced theoretically by SlonczewskiSlonczewski and Berger [1] and experimentally and Berger [1] and experimentally 
demonstrated in spin valve GMR and TMR multilayer structures.demonstrated in spin valve GMR and TMR multilayer structures.

Crucial issues of STT in Crucial issues of STT in MTJsMTJs are a reduction of the are a reduction of the critical current densitycritical current density, , 
which is necessary for switching the junction and a reduction ofwhich is necessary for switching the junction and a reduction of the resistance the resistance 
area (RA) product. area (RA) product. Here, wHere, we discuss the influence of e discuss the influence of MgOMgO barrier thickness on barrier thickness on 
thethe interlayer exchange couplinginterlayer exchange coupling ((IECIEC)) energy and energy and STTSTT effect in effect in MTJsMTJs with with 
a a MgOMgO wedge barrier.wedge barrier.

•• ferromagnetic IECferromagnetic IEC between the between the FL and RLFL and RL
•• Katayama [3] on Katayama [3] on epitaxialepitaxial Fe(001)/ wedge Fe(001)/ wedge MgOMgO(001)/ Fe(001)(001)/ Fe(001) observed observed 
transition from a ferromagnetic to transition from a ferromagnetic to antiferromagneticantiferromagnetic coupling below 0.8 nmcoupling below 0.8 nm

C3. Outlook

•• the model of the the model of the 
critical current critical current 
density presented density presented 
in [4] does not in [4] does not 
explain explain 
quantitatively the quantitatively the 
values ofvalues of thethe
switching current switching current 
observed in the observed in the 
experimentexperiment
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Voltage (V)

•• µµ00MMCoFeBCoFeB ==

µµ00MMFLFL = = 

µµ00MMRLRL==1.351.35 T, T, 

•• µµ00MMCoFeCoFe ==

µµ00MMPLPL = = 1.61.6 T,T,

•• KKFLFL = K= KRLRL ==
940940 J/mJ/m33

••KKPLPL = = 100100 J/mJ/m33

••KKAFAF = = 6060 kkJ/mJ/m
33

••JJSAFSAF = = ––0.2210.221

mJmJ/m/m22

••JJEBEB = = 0.1880.188

mJmJ/m/m22
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IIAPAP-->P>P = = 2.22.2 mAmA
((J = J = 7.3 7.3 MMA/cmA/cm22)  )  
IIPP-->AP>AP = = --3.75 3.75 mAmA
((J = J = --12.5 12.5 MMA/cmA/cm22))

IIAPAP-->P>P == 1.7 1.7 mAmA
((J = J = 5.6 5.6 MMA/cmA/cm22) ) 
IIPP-->AP>AP == --2.4 2.4 mAmA
((J = J = --8 8 MMA/cmA/cm22))

HHoffoff 28 28 Oe Oe 

HHoffoff 58 58 OeOe
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