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In order to confirm the current density limit realizing the stable magnetization oscillation, we
calculated the STO properties with systematically and widely changing the current density for the
top layer CogoFe1o, NisoFe2o, and Ni in the orthogonal configuration where the initial state is out of
plane (z-axis) and in-plane (y-axis). As well as Fig. 2 and Fig. 4, the time-domain magnetization
precessions My/Ms, the Fast Fourier transform spectra, and side views of magnetization configuration

are shown. Light blue and orange plot denotes the result for B12=0.0 and B12=0.6.

Table S1  Calculation conditions in Fig. S1-S6.

Fig. | Top layer Magnetization in initial state | Current density

S1 CogoFero out of plane (z axis) 8.0x107 A/lcm? ~ 20.0x107 Alcm?
S2 NigoFezo out of plane (z axis) 0.5x107 A/lcm? ~ 6.0x107 Alcm?
S3 Ni out of plane (z axis) 0.5x107 A/lcm? ~ 6.0x107 Alcm?
S4 CogoFero in-plane (y axis) 8.0x107 A/cm? ~20.0x107 Alcm?
S5 NigoFezo in-plane (y axis) 0.5x107 A/lcm? ~ 6.0x107 Alcm?
S6 Ni in-plane (y axis) 0.5x107 A/lcm? ~ 6.0x107 Alcm?
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1. CogyFeq (z axis)
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Fig. S1 STO performances for the top layer CogoFe1o in the orthogonal configuration where the

initial state is out of plane, namely z-axis. The electrical current density was varied from 8x107

Alcm? to 20x107 Alcm?2.



2. NigFe,, (z axis)
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Fig. S2 STO performances for the top layer NigoFezo in the orthogonal configuration where the
initial state is out of plane, namely z-axis. The electrical current density was varied from 0.5x107
Alcm? to 6.0x107 Alcm?.



3. Ni(z axis)
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Fig. S3 STO performances for the top layer Ni in the orthogonal configuration where the initial
state is out of plane, namely z-axis. The electrical current density was varied from 0.5x107 A/cm? to
6.0x107 Alcm?.



4. CoyyFe, (v axis)
—— B,=-06 —— B,,=00

1

|!HH_‘LHHHH‘HHHHHHH'HH'HHHHHH!H"NHHHNL

-
I-80x 107 Alem? ¥

MM,
P
z (nm)

firreretYPRELRYRYIRERT YL LIQRLELILALLYEYOARIL SR ICNLLACLYIIRSSILLLY
o4 128 192 258

08 X (nm)
A A R R R R LR )
= kA B S T TP
[ENARNRNNRNEARRNEANEARNARNRN NN RN RN NEARARRNRN RN RNNRANAR]
64 128 19 758

J1=9.0 x 107 A/lem?

MM,
(nmy)

0.8 x {nm)
raba. ! bl & i Lt
"”‘1'"!f’”FFF’P!F'F!v@lf“'!’?'?'lf'””"”flf"F”!‘V""u

MM,

J=10.0 x 107 A/cm?

z(nm)

V'f!li!fll!l?'lllF?!llflf!l?l'Y‘!'l?lf&?ll‘l"lf"llf'!!"““i
64 2 258

128 192
08 X (nm)

£ dnniniiog

]
‘F'l"l?ll|'VI‘!‘l"‘?‘l?'t!If'!"""lﬂ'?ﬂl‘lf?ll”i!"l'?""?l
’

(nm)

[MRRUARERIL] ]

J=11.0 x 107 A/em?

R R R RNl I R AR R RS R AR ENIXEEEEXEAREER]
04 128 192 258

08 x (nm)
ve TY o

B e o e T e e e e e e e e ]

MM,

J=12,0 x 107 A/cm?

z (nm)

LR N N N R NN RN N RN R aNEn]

x (nm)
Ly

R R E R iDL EEs R PR R REA AR AR EALRSLALICEALCELU RS REE
-t it .l

M,

J=13.0 x 107 A/om?

{nm)

e ]
\!HHHHHQH'!!H!HHHHHH|HHlHHIHHHFNHQ!!H!HI
238

-

x (nm)
T PR

LR RARRA AR AL RAARAAA R AR AL AL AR AR AN \AARAAAAAASASAARSAAARSS

J=14,0 x 107 A/cm?

LN

RN R R R NN R RSN R AR R R R EANEEELAEEEEEEREEEE]
i 67 5%
x (nm)

FEIRERRELY |

/M,

(nm}
2
¥
*
S

J=150x 10" Alem? =

{ AP NN PRI RN NI IR RIPRORN T RTINS NRNIEOPOERIRYYY
0 — 64 128 192 258
08 x {nm)

= # —-
J=16.0 x 107 Alem® % E Cll AR A SRR R AR B A A SR AR AR AR EAAA LA AR RARLAA A RARARRAR O
N = - i 1
MOl R PRI YR PIRY IR RIRNRIONIIITIPIRIIEOIRROIINYY
! o bt 3 2% 197 %
[E3 x (nm)
¥
-3 - o ST T T T e P S S DU S P S S
T=17.0x 107 Alem® z | o e A S S A
) RN RN A S EARARABANARERARERERAREARAAIAL AR ERARAKREERERERRARRENRRELL]
1 o el 64 128 192 258
1 0.8 X (nm)
J1=18.0 x 107 A/em? 3: 3 'gTnnnvunnnnnnvnnunuu}nnnnnunn (EETERTREET)
=4 = £ |+ v ]
RN IEERLLE. K ARAR|
-1 0 A
| 0.8
P
1=19.0x 10" Alem® = = £
> I
= B
-1 o ol
1 L&)
1=20.0 x 107 Alem® = g £ :
2 =
= = RN E L L NN IR RRNRREENIXREIXNIXRELIIIXRREERRERSNRRRNNRN]
i o i =3 T2% 192 5%
0 0 o a0 x (nm)
£(ns) J(GHz)

Fig. S4 STO performances for the top layer CogoFe1o in the orthogonal configuration where the
initial state is in- plane, namely y-axis. The electrical current density was varied from 8x107 A/cm?
to 20x107 Alcm?,



5. NigyFe,, (» axis)
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Fig. S5 STO performances for the top layer NigoFezo in the orthogonal configuration where the

initial state is in-plane, namely y-axis. The electrical current density was varied from 0.5x107 A/cm?
t0 6.0x107” A/lcm?.



6. Ni (v axis)
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Fig. S6 STO performances for the top layer Ni in the orthogonal configuration where the initial

state is in-plane, namely y-axis. The electrical current density was varied from 0.5x107 A/cm? to

6.0x107 A/lcm?.



