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(57) Abstract: A nano-oscillation element according to one embodiment of
the present invention comprises: a first tixed magnetic layer; a second fixed
magnetic layer arranged on the first fixed magnetic layer; a free magnetic layer
interposed between the first fixed magnetic layer and the second fixed magnetic
layer; a tirst non-magnetic layer interposed between the first fixed magnetic
layer and the free magnetic layer; and a second non-magnetic layer interposed
between the free magnetic layer and the second fixed magnetic layer. The first
fixed magnetic layer has a tixed magnetization direction and is a thin film made
of a material to be magnetized in the direction perpendicular to a film surface
thereotf. The free magnetic layer has a cone state aligned in the direction for
maintaining a specific angle with respect to the direction perpendicular to a
surface thereof. The second fixed magnetic layer has a fixed magnetization
direction and is made of a material to be magnetized in the direction parallel
to the film surface thereof.
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a1, yi= Ako] 2wt 14§ H](gyromagnetic ratio)©| 3, Hy o & - &

Z}7] o) vibA) A} 7] %k (effective magnetic anisotropy field)©] 21, Hy o = 212 19]

T

g}o] =1 STT(field-like STT)7} FA1 & 4=

Nz Aol =, -8l = @3t E 95he] E=-glo] A STT(field-like STT)E
A gk

812 39] 9-Z(right-hand-side)o| A A1 L A2 -2 A3l Ax} &% 2 F5
& 47 7| sgk) A2 o 2 HE, 217} A F(applied current= o,/a)°ll
& A7 7] AF8F ZH(magnetization angle)e 3 3 7H(0,,) A

G EI(STD-F 5 €1 ZHo)E Hol U} E & 53k}
2] 2}3} A} -5 (perpendicularly magnetized free layer;p-FL) 2

RSN
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[77]

[78]

[79]

[80]

[81]

[82]

[83]

8

28 A5-Z(c-FL) B0l thate], 23 B0 719138 7] F- & A7) 4o
WS Zubehis 9, 22913 o] WAl s},

e, 0=004 EE o)W A7 e 7H 522 A3} AH-F(p-FL) 3
2], A e] A3k AR5 (e-FL)2 Hier®ll A 52 Hyy 2 2 Hyo & 7HA1=
T e e 7.

whebA], =2 248} AR (p-FL) &l 74 5ol i=, 2238 BE=17H0=0004 7] 75
o A1 e e W 7hA] 7] AsE EE 2 w A oA e g,

T A8 AfF(eFLS A5, A3 0, 2 Ylefubar,
AE-EE Z2asopddo), F8 AR W5 Ty L AL Ty, ol 58k F i E
Apolell A 291 E17} 17k A9, A

0=0,l1 A1, Hy o /0t = Oolq gk, 2%k
o8 210 L 0El fER D 485 Dol 7

[_rfﬂ—/\] 4]

5 - _1[2«\!1;: ( 1 H
. = COS e GOS8 L 008 ¥
J3 3 (

k= -H ﬁ/ZH

9h x
XZ - ;
2/3(1-4) 32

—d, /(C‘Hm eﬁ”)
/M,

K2 »

HKl,eﬁ” 1 eff
H,=2K,/M..
% 4b)T "R ¥ (Macrospin) Al E d o] A A 3p e} 2812 425 E o] E 4
o =& vt
E4b)yE FEstd, Ty A5 B LE AT Al el 17HE AT
e o] g AHAYGE I(STD-F 5 85 20,7 TA €t
Al o] ol A, -2l = vt 22 9t B E ARSI a=0.01, Ms =
800 emu/cm? n=0.5,t=1nm, K, .+ =-4 x 10° erg/cm?, 183l K, =2 x 106 erg/cm?.
71 Aol Aabi= o] B4 oS3 AA G 2\ A S EA(STD-r 5=

O

B 7H0)e &9 AF A vl A B 7H0,) 0 % PE i g b,
~ARATEIAST-S 5 98 7H0)& %ol A7 wol A 38 7h0,)0 23
Z7ha.

7] Al 2k 534> (precession frequency) = AFo] v} 14 €] H](gyromagnetic
ratio; y) ¢k 71 & 7] o1 A7 Hyen) @ 75 2.5 T30 o] B9,
STTel 71918+ 371 fr & 271 1AW A7 (H ) oy /o T 21Tk, whehA],
Hk2) 5533} (oscillation frequency)= U3} £o] o] Xt}
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[85]
[87]
[88]
[91]

3

M
gl

A)

x105 Alem?) ol A, 7] 23 S=3b4== H o (~ 9.5 GHz)”7} Ht}.

Z}(oscillation angle)< 2]

)

B 27174 (Ha1, Huo) 2 01l th-a-3h

L |
LY

30ZRH

54

Stz

[92]

Fo], o]k AF4=2] H](the ratio of

0

HKl,eﬁ"
=

o ¥FAd “g-5=<2] H](the ratio of anisotropy constants; «)°]]

Hypy—x 3}

e Mgt
7
3

g—.

2
h

3

10]

HELE;:?“’

S Al

T

Hz?z._l
Jina

H i B =
A~

[

anisotropy constants; «)

[94]
[95]
[96]
[98]
[99]
[100]
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mlo

[102] 562 H Ko/ Kl (=-12) & Sh2 2] A O3l ap=pe) 5 Ay
epd,

[103] 68 FEIHE, K g 4 x 10 erg/em3= L EHTE A 7] H] K,/ 1K o (=-1/2 %)
7F 25904 20202 F7hEe) upet, H o] W3R 39b4r= ~ 4 GHzOl Al ~ 40 GHz =
oF 10 vl W sk o e, o) A3 ~320) A ~35002- 5 9 100 Wl Z:7Fetc). H
Ko/ Kyl (= -1/2 %) &) 717 2525, 902 Fospdne] 2775 5 492 0
A7

[104] 7] oA el F7He Bli= Sk 5 oA W 3}e] o] sto] ©Add
Ak A1 E A2 o) vl AHE(K and Ky)2 A SH-fi- 5 ~E Q]
# TH(voltage-induced strain effect)oll & sto] b= A 4= 5= S

[105] AEA o7, 2= A3} go] Ao STT-75= Al =-E = x& A Qket,
8= A7) S Fukel 9 A E 9] 54 32 (analytical formula)-S-

S SIS, Aol W 50k oA AL o) Bl T A2 ol

i

!—H

[106] kg o] o AAjofof wh=E, B2 3 224 A (wide frequency tunnability )&
7H A 227 2~ E A 7] 7 A QEE T

[107] o o] A Ao whE v R A= A R A FE A
A G 2(p-PLYEI A3 % 2 A 2H8HE AH-F(c-FL)S £33t} 47 A
A5 o] Azt M} sl o epo] i) Ay gt

[108] FAA A N =, A7) ol Ad ol o el 21 AFbb ko] AW W& (in-plane
direction), ¥ ©l| 5=2] "} &k (perpendicular-plane direction), ~12] 3L Y =%
Wako 2 e EQAEE #-X6h= Wa(cone 4 HN) S 2 Y A Eh= Al 7HA
AEI7F A S Z17] o] WAL o) 1 ] *H X (magnetic anisotropy energy density)E
LeRE 13RO 7 27H 80 [ 4] 11] & wet o), ofel (454 219

Te AR 70, & B 4 Atk o= A7) oA ol ] o) Wol
=2 8l vy eka)l =3 31 Whak Alo] o] EA 7h:(e q)é A3t} = A2 ov] 3k}
81 25 s, o) A7) ol 44 o) S el 0
250 2 RE (0,) o ZTEE 2= 2 4 Ell(cone state) & ZHE

[109] [73H2] 11]

[110] . Kierr

Kiopp— K —2mM] <0, Ky >——7
[111] [)\Eﬂ—él] 11 ]}\-‘I,Kb K29 Kl,eff, :L‘j/]:ﬂ‘MsJ‘r: Z_}_Z_}_ X}7]O]HC}/\6] oﬂ]’ixl %E‘g]

1248}, 2248, 1&bsk ot A ol U A] & (demagnetization energy density)E
ESIslE & A7 o] WAL ol 1] #] ® X (effective magnetic anisotropy energy
density), 722] 21 3 3} 2} 3} 4} (Saturation Magnetization Value)= 2] 7| gT},
[112] =72 &g A AA o ihe v I3 225 YE = i o)t
[113] =78 Fashd, U= 3 220300)E Al a2 2 5(320); 7] A1 4
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[114]

[115]

[116]

[117]

[118]

[119]

11

2173 55(320) gl Ml X1 A2 3178 24 F5(360); 71 Al a17g A 5(320)

71 A2 3178 A F:(360) Aol el WA E A A F(340); 7] Al a2
ZHd 5(320) 7 7] AT A F(340) AFolell ZHAIE Al Bl AR F(330); E 7]

A5 A Z(340) 2 A7) A2 317 214 Z(360) Abol ol A A E A2

A A (350 & k. AM A1 24 AL Z(3200S DA E A5 e

7EA AL, wpd e gl ste] A g iheko B 23y = B A ® o] Fof X whdpol )

7] A A F(340)2 W TZI Wwako 2 HE EHAEE fX]5 = WEe

sk 2 Hl(cone state) & 7HIT. 7] A2 3274 A4 5(360) a1 H A3}
e ZaL, ol tisho] g 3 ko 2 AhslE = = AR o] Fol i
dhetol

71 3HE A =G10)2 371 Al 1A A 5(320)2] Sl vl X] = 51, Cu, Ta,
Ru, Pt, W, Gd, Bi, Ir & o] 59| g+ o Arh 7] s A =(310)-> Ta/Rud]
qz :FL}—?E] T /\1\

471 A1 LA XW (32002 371 s A =(310) el MR = 9lT A7
A1 3 A4 0(320)L Fe, Co, Ni, B, Si, Zr 2 o] £9] T FollA o=
StUE 28kek 4= Aok A7) Al a2 A4 5(320)2 CoFeB/NM(=Ru,Ta)/CoFe 2]
qz?Z“LCMMWmﬂ*ﬁ?ZE?ﬁl MﬂﬂlL%4H5g$g
A}7] o] ¥k (perpendicular magnetic anisotropy; PMA)S 7F2 4= 1t} o of] uj&},
71 A a8 A F(320)9] AF; RS v x| s H A A S 4= Q)T

2371 AR F(330)2 7] Al 224 A 5(320) Aol 72 0.2 A E ] of
w2 = 5= vk 7] Al B A S (330)2 HA T B v 3455 5 A
71 A1 AAD F(330)0] AAZFA A5, A1 Al 8 A 2+(330)-2 AlOx, MgO,
TaOx, ¥ ZrOx Foll A Jo & & xghe 4= Q). 7] Al ¥ A4 5-(330)
MgO, MgAI204, B== Mg/MgO/Mg 324 5= At 7] A1 8] 24 F=o]

AAA QN A, 371 Al ar7g 2532007871 Al A F(330)/78 71 A
A F(340)= A7) HE A A4+ A

71 Al B AL F(330) 0] ¥ A F 41 75‘%, A7 A1 A
2453200771 A1 B AA F(330)/78 71 AF-f- AHA 5(340)-2 A A7) A &
FHE AT 5 Ak A7) Al B AR F(330)0) H A FE5E2 A9, A
A1 ¥ A4 & Cu, Ta, Ru, Pt, W, Gd, Bi, Ir 2 o] 52| &5 4= A

371 A A F(340) 71 Al ¥ A F(330) ol A o ® A Eéﬂ o]
212 4= Ak, A7 A A4 5-(340)2 Fe, Co, Ni, B, Si, Zr 2 o] 52| &+

Zol| A A o-] & 23s 4= Q) A A8 A4 —0_(340),4 CoFeB&l
AT A7 A A 5 (340)2 W 2 o2 R Y SAAAEE FA5H

Hhek o 2 g & v = & A el (cone state)E 7HE = At A7) A A F(340) 2]
F= 2 A HE 98ke] 0.8 nm WA 1.2 .

71 A4 A F(340) 0 AFshE 2 FE Vo2 A& E sk uh ek, A
A5 A F(340)2] AF3)e] 427 Al F-2 DA S 427 #}H7] o WA & VA AL

i

7]
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[120]

[121]

[122]

[123]

[124]

[125]

[126]

ol 23 A5} g as 7hx = 37 AL 5L A5 (32009 4] A
A 5(340)2 S A 2 B A B A8} kel WS TE glo] Bl E AV A R 54
= AN B0E ATeHA G872
webA], Bl A1 g 5S4 B A HA 1A @ 3}l <) stel, 71 A
A5 ol At el Bk AEsty] fstel, Mo Al B A s
ARNAZNA G BHE LA 7= A2 ¥ A 5:(350) R A2 31 A T(360)°]
A = A 7] A2 a2 A5 (360) Rl A s A sk s
7hATE =, 371 Al2 a1 A S (360) ol tiste] FaF W s
ApshE = AR o] Foy T}, of o) uhet, V] A A T340 A Sz z FHE
71 QR A AF E gl whet, B7] A A T Ak o s |
el A ) ehet. wreb A, 471 A2 3178 A 5(360) 2] AFsE gt 7] A
A 5:(340) 9] 3 & 17P°ﬂ whet A 0 B AR A5} ek WSl
71918kl B A1 A ¢ 54 Ea= A A A G Ak xﬂ%‘&v}
71 A2 A (350) %71 A AT (340) “011 S E AEH
A AT 7] A2 WA 5 (350) E RIS s ﬂlx}*é TEHSA AT
., A2 ﬂlxw F 2 AlOx, MgO, TaOx, 3 ZrOx 50l A] X_ME

—Eﬁ

_1

St E 238k 4= Qo) A7) A2 ¥ 214 F(350)> MgO, MgAI204,
Mg/MgO/Mg -‘r%%l T At

Ta, Ru, Pt, W, Gd, Bi, Ir 2 o] &2] =4 4 3t}

371 A2 3178 A F(360) 371 A2 B A F(350) Adoll A 0 E A E E o
A X2 4= do}, A7) A2 a4 A F(360) vhe A ol ;g 23} whaks

7HA AT A E B, AV A2 1A AT B0 xFH WF LR A3k E
ATt A7 A2 1A X}H Z(360)< Fe, Co, Ni, B, Si, Zr & o] & 2] g3 Zol A
Aol shhE E3e o Aok A7) A2 2178 A F(360)>
CoFeB/H] AFA4] #47(=Ru,Ta)/CoFe 2] U} & -2 W= Co/Pte] HE] ~8 72 4=
o]

0171 A 1 F(370) 371 A2 17 A F(360) el w2 E 4 ltt. A7

2 A =H(370)2 Cu, Ta, Ru, Pt, W, Gd, Bi, Ir 2 o] 52| 3+ 5= At} A7)
At A= Ta/Rue] o5 72 5 ok
g o] o AAJefof) = S =(310)/A 1 2L A F(320) /A1
123 5 (330) /24T AHd 5(340) /A2 1) A 5(350) /A1 2 34 A F(360)
PEFAT(70)E AT Y] A A F340)9] A8 Al AR EE W A

)

&l
q

T

FHO2 e Alifel o) 5405, oA, ALnd 445200
ASEBE o BB AA. 7] S ATOI0)2 2R L A
12 o whe} 3] A1 3L

1} 5} ol

O
A3 5(320) 3 W 3 Hoi= Wb g W ako %ﬂfﬂ 2R
)

A EE S AFG10) 2R EH Y= AH 42 W
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A1 ALAAA (32002 73 AA=

Hho] 2 2 A F(340)0l = -z e 2 Haky 2 {57 AT V] A
A F(340)0 B == 23 A el o & A7) AR A F(340)9] AFsh=

2HEAE P, omw Aol 2% ~AAGE A9 Al7] e}

2P AGEI Y Al7|ol A-StE Fa A AVl el 4z HE FHE

M2 E}E AF 5 23} Al A58 o)

2 Bl o] g E A A oo wWhE L AxE A shE v o)t

& A&, Y w2 221500)3= AL a2 ZAF(520); A7) AL A

A3 %(320) 2l WX H A2 5179 A4 5+(560); 7] Al 1A A S(520) 2%

71 A2 3178 A F(560) Aol el N A E A AHd F(340); 371 Al a1

2 5(520) 7 7] AT A F(340) Aol el ZHAIE Al B AR F(330); E 7]

A+ A F(340) 1 7] A2 3178 A F(560) Aol el ZH A E A2

H) 2FA 23500 £33 A7) Al A A4 252008 1A F 23 waks

7hA 5L, v e thabe] A g Whek o ' 23t E = 2 A ' o] Fol ] whitol o),
A1 Hrﬂ”v@%ﬁ@ﬂ?%lJﬁg He EAZIEE §-X]3) = o

r
+
N
ol
o
o
il
e
o
it}
I
e,
2
i
N
N
it
I3

F e,

1)
s

11

=

sz 2 e (cone state) B 7HATE A7 A2 38 A4 E(560)< 148 A5}
W 2ha, mheol tiafo] el ak ko 2 A sl = 2R o] Fo] 7l
upato] o},

71 A 3 A Z=(520)8 A 2 F =9 s A E(522); B AHA
S(524); 2 A A F(526) 0 5 o Fo M REARAA A 2L 7 9 A¥71
7 A F(560)> A = A FH SR A F(562); BIAH] T E55(564); 2
Hd 5(566) 2.5 o] Fol Xl At A -2 5= Aot 7] sHE
5(522,562) 2 7] A A 5:(526,566)< Fe, Co, Ni, B, Si, Zr & ©] &5 2]
NA Aok shtE Lot =2 R o] Fo A = AT A7) BIAA
5(524,564)> Ru, Cu 2 o| 59| 3 Foll A Ao shtE 233k

o] Fo) & o Ak A7) Al 2178 AL T 9] sHE AL F(522) E A
2} %—(526)8 222 247] oM & Fhx| a1 W 2= & 1A H 23} whake 714
T At gHH, A2 1A A F ] s A F(562) B ST A F(566)-
Huljoll Hal gk 17 23t whaks 7HE 5= )

9T E g o] thE A o] 2 W7 2215 Ay shs g ol

L9 Fxehd, Y w7l A2K500a)= Al 224 A E(520a); A7 AL LA
ZHd F(520a) gl v X1 A2 3178 24 F(560a); 7] A1 314 24 F(5202) 2
A7) A2 1A A Z(560a) Aol ol A A E A A Z(340); A7) Al LA
AHd 5(520a) 3 71 A A F(340) Abelell AN A E AL B AL F(330); R
71 A A F(340) 7 7] A2 A A F(560a) AFololl H A E A2
H| 2 5(350)5 3L A7) Al a17g A S(520a)2 a8 A Wk
7RA a1, ol thsho] 2 g Wbk o w2 A5l E = 22 B o] Fol 1l uhto|t
71 A A F (3400 A A WO R RE EAAEE fA s HEeR

o
b
o}JI

ox, 2,
T
N

pS

o ox JW ol ox o

}

Mo oy o
om ol

i
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[132]

[133]

[134]

14
A 3= 2 4 Hl(cone state) S 7FA T A7) A2 1A A F(560a)2 LA F
s} WpakE zhar, whd o)) thste] Hal g ko g 23t = 24 2 o] Folxl

Hhetol ),
371 A1 I A T (520a) A & A T8 I A F(521); 3
A4 F(522); Bl 542 5(522) R A A F(520) 2. 2 o] 7ol g
upolo) 2 A A 2L 7 vk A7) Al2 1A A F(560a) A E=
255 s A F(562); BIAMY H 45 (564); A A F(566), 2
WA T (567) 27 o] Fol 3l aghulol o 2 whA A A 2L 5 A vk A
"7 234 5(521,567)2 I, Pt, Mn 2 o] 5 2] 3 % Fol| A A= Z4 7
o] Fold 4= At} A7) B AHAL F(522,562) E A A F(526,566) ZH7H-2 Fe,
Co,Ni, B, Si, Zr ¥ o] 59| T+ FolA Ao sty & ¥ g3l= 522 o] Fof4
2= o}, Ay B AA = F 4 2(524, 564)% Ru, Cu % o] 59 g1 FollA Aol =
sthutE E3tets B E o] Fod = 9
o] it o] B g o A= A A <l ?*é 22 5 g 54 AEE
A E AA o I =0l o] APy glon o]= &
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AT

P % ol mhxg A2 1 A E

A S 7] A2 A A Abololl A" AR
71 AL A AT 7] AR A S Abolell ZHAE Al HI A S

7 A A 50 g 7) A 3 A F kel AAE A2 w4 FL

ox ¥ 0% B o w2

A1 1A A 1A E A3 wEkS 7FA] A, 9hd o] o) 5o
Ao A5 2l o] ol o],
7 A AN FS, IS o w ARV E2A e A9, W 5
YFO RN EGAES FA5E $F o2 JHHE F YU (cone

state) & 7}A] a1,

71 A2 178 Adse A E A rake gtar, vl tisle] 3 g
Weko g Asty = A2 o] Folxl Mgl AL S 0= FhE v
X A

Al 13l AofA,

371 A A T

( Ky opp) = UESEL

Neepp = K —2mM] < 0, Ky e

Ky, Ko, Ko “L21 3L M3z 2827 A 7] o] WA ol U A 59 121, 244,
124aah eF 2 ol U #] ® & (demagnetization energy density)E 3 & 5H=
& A7) o] W] ol | %] X (effective magnetic anisotropy energy density),
T19) a1 3 3} 2} 3} 4k(Saturation Magnetization Value)S & 1|3} aL,

A goR TF AR 2L A A TF AR T A

-~
€ A FE Abolel] iz Aol w ARIBHE 21 5A 0 R B v
A

oy
N

14134 A Fe A2 458 445, 0485, L A2 v
14 5 0. o] Fol 1l WA A 0],

A7) A2 G AN FE AN AFY ALF NAEE, L AR
o] 50171 WA AT 20] 1,

7] A4 % & Fe, Co, Ni, B, Si, Zr 2 0] 52| 357 S0l A Aol shE

A4 %2 Ru, Cu 2 o5 2] 3 FoI4 Qo 5 shiE Tabahiz
=



WO 2018/021706 PCT/KR2017/006879

[7d - 4]

4% 5]

[ % 6]

(7478 7]

[ % 8]

[47% 9]

16

A1 gl lojA,

71 Al 1A A S A 2 A A T, A S Bl AE S B
A Z 05 o Fo 7 1 gk uko]o] 228l Wk A T 0] AL,

71 A2 a1 AT A2 AFE AT AL T, AT, R

UL 2 & 0 2 o] Fo] 7 nldnlo] o] A% WhApA A % o] a1,

R o]

237 WAL I, P, M 2 o] 59 33 Foll A HEE = B
o] Fo] A a1,

A7 A T B AL F ZHE Fe, Co, Ni, B, Si, Zr 2 o] £9] 35 oA
Ao & shbE E3stal,

371 ¥ A3 52 Ru, Cu R o] &9 F FollA Aok shvtE 2 éhste=
AL EHOF sz Y w7 24

Al 1 8ol 9l A,

271 AFF A 52 Fe, Co, Ni, B, Si, Zr 2 ©] 59 &7 FolA Ao %
sty Zdetes Al 5 0= st v I3l &)

Al 1 8ol 9l A,

7] AR AAD S L 7] A v A S A Sl a,

7] Al F& AlOx, MgO, TaOx, Z ZrOx ol A Aol & 3=
23EE AL EX o= Fh= v b &%)

Al 18} lo] A,

71 AR T D AG] A2 8RR 2 T STl AL,

7] F4:% L Cu, Ta, Pt, W, Gd, Bi, Ir 2 0] 52] 3 Foll A 4o &
SIS 23kt A S EH 0 R 3 Y 2l 44

Al 1 8ol 9l A,

471 A 1R AAF B A2 54 A F L Fe, Co, Ni, B, Si, Zr 2 o] £
B Fol A Aol b ¥3kels AL EA o B v Wl A,

A 18l oA,

71 A A4 S -2 CoFeBo] AL,
A7) A4 A S e F75= 0.8nm WA 1.2nme) A EH 07 Fl= Y
Wzl A



O,

—Z(L
y X



WO 2018/021706

[5=2]

200
I

>

.

Bext ®

ORI

~~—240

T~—230

®

T~—220

~—210




PCT/KR2017/006879

3/7

Amso\< oorv>y_wcoc lus1in) (2)0
Gl Ot G 0 G- G0 0 €0 ¢ 0 L0 00
_n ) 1 ) 1 ) _. m —.OI ._\I 1 1 ) 1 L 1 _.\_ ) OO
Nc:; Fc:..“ bo
N 1 e o
“ 00 HoM ————
R o
o - H v_m_
.......... -0 &
8
-¢ 0
(¢7)uolienby —— e 0
uolie|nuis e

WO 2018/021706

(9) (®)

(SlUO/JS QOL) 1o



PCT/KR2017/006879

WO 2018/021706

4/7

ANEo\< morv>g_wcmc jusiing
Gl pr G 0 G-

(g)uo|1enby ——
uolie|nuis @

(11un"qgle)lamod

Amso\< movv>H_wcmn jusiing

Gl

0l

g 0 G-

(g)uollenby ——
uolie|nuis e

(ZHp)Aousnbs.a4



WO 2018/021706 PCT/KR2017/006879

517
[5=6]
B maximum frequency
40 .
@ maximum power
-3000
30 =
N E
iig/ -2000 =
8 20- 3
L1000 o
10- i
' )
0 .
5 10 15 20

K / |Ki.ef]

300

77T e

o -H~—360

350

e AR T T

~—330

320

%/////{{////%»310
b




500

b
-

y

/////////////////////////////:\4 524}520

PCT/KR2017/006879



»560a

»520a

PCT/KR2017/006879



INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR2017/006879

A.  CLASSIFICATION OF SUBJECT MATTER

HO38 15/00{2006.01 0, HOIF 18/32(2006.01)i, HOIL 43/08(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO3E 15/00; HOIF 10/32; G11C 11/15; G11B 5/127; HOIL 43/08

Korean Utility models and applications for Utility models: IPC as above
Japanese Utility models and applications for Utility models: IPC as above

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

magnetization, free

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS (KIPO internal) & Keywords: maguetic layer, oscillation, nano, compact, vibration, angle, electic currext,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2008~0019040 Al (ZHU, Xdaochun et al.) 24 January 2008 1-9
See paragraphs [0020§-[0037} and figures 1A-113, 9.

A US 2011-0032644 A1 (WATTS, Steven M. et al ) 10 Febraary 2011 -9
Sec paragraphs [0022}-{0046} and figures 2-4,

A KR 10-2013-0114327 A (KOREA UNIVERSITY RESEARCH AND BUSINESS 1-9
FOUNDATION) 17 October 2013
See paragraphs [0038]-{0047] and figure 2.

A KR 10-1359399 B (KOREA ADVANCED INSTITUTE OF SCIENCE AND i-9
TECHNGLOGY) 10 February 2014
See paragraphs [0024}-]0036] and figures 2-4.

A KR 10-2012-0024028 A (SAMSUNG ELECTRONICS CO., LTD ) 14 March 2812 3-9
See paragraphs [0014]-[0028] and figures 1-4.

Further documents are listed in the continuation of Box C.

L]

E See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“B”  earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason {as specified)

“0”  document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

31 AUGHST 2017 (31.08.2017)

Date of mailing of the international search report

31 AUGUST 2017 (31.08.2017)

Name and mailing address of the ISA/KR

Korean Intellectual Fropesty Office

Government Complex-Dagjeon, 189 Seonsa-ro, Dacjeon 302-701,
Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/RR2017/006879

Patent document
cited in search report

Publication
date

Patent famuly
member

Publication
date

Us 2008-0019040 A

US 2011-0032644 A1

KR 10-2013-0114327 A

KR 10-135930¢ B1

KR 10-2012-0024028 A

24/0172008

10/02/2011

10/02/2014

14/03/2012

us 7616412 B2

ON 103490006 A

JP 2013-254057 A
KR 10-2013-0137531
US 2011-00315688 Al
US 2012-0155156 A1
Us 2014-0008742 Al
Us 2014-0151829 A1
US 8776538 B2

US 8913350 B2

US 9412787 Be

KB 10-1375871 81
US 2015-0303873 A1
Us 9407202 B2

WO 2014-073798 A1

NONE

10/11/2009

01/01/2014
19/12/2013
17/12/2013
10/02/2011
21/06/2012

0 /01 2014

“9/08!2016
17/03/2014
/2015

1
08/2016
/1)/{)014

()?/
o2/
‘E«

Form PCT/ISA/210 (patent family annex) (January 2015)




A E AW B,
A Z AR LA PCT/KR2017/006879
A, EHe] £ E 7| & EF(FAS EFAPC)

HO03B 15/00(2006.01)i, HO1F 10/32(2006.01)i, HO1L 43/0:

8(2006.01)i

WA HT +82-42-481-8578

B. ZEAME Fof
A HAEAGFASIHEFE 714)
HO3B 15/00; HO1F 10/32: G11C 11/15; G11B 5/127; HOIL 43/08
£ 71 E R ofe] Salt A e o9 o) ¥
FAEHAGRAL TR YW IR A GRIFTR FAE HAEHA 7 AE TP
YEEHALAGTR Y RF A& TR FA HzEAwe] /AL 1P
A 2 Abo) o 8 74l dlo] el w]o] A(elolelulo] 2] ® 4 2 Aol Fl et A %))
cKOMPASS(5314 Wl A28l ¢ 719 =: AdS, 23, v, 28, ¥, 4%, 15, Ak, 2AF
C. IREY
7hel o e - AEFHY L A FEEIF = A9 14 # A7
A US 2008-0019040 A1l (XIAOCHUN ZHU 5) 2008.01.24 1-9
w2t [0020]1-[0037] ¥ =% 1A-1D, 9 =,
A US 2011-0032644 A1 (STEVEN M. WATTS &) 2011.02.10 1-9
gt [0022]-[0046] 9 = 24 Fz
A KR 10-2013-0114327 A (g AstgdEd) 2013.10.17 1-9
e [0038]-[0047] ¥ =W 2 Fx
A KR 101359309 B1 (=578 7]14=9) 2014.02.10 1-9
2 [0024]-[0036] 2 =9 24 Fzx.
A KR 10-2012-0024028 A (AH4 #2152 8] 2)1) 2012.03.14 1-9
w2k [00141-[0028] 2 =W 14 Za.
Z 7} &) ES o) 2 X]| ge=s1e) B g2 Axs Ao
F7F &l c(A)el 7145 o] glEHrh X a6531¢] 23 B8 Fxaa L.
ded F3He 5 arg: . , ) - .
T UE EEA ST gAY et 549 7o TR 2o e A5 450
“AV 53] Ble] gl Ao nel: el F$5Ee Jelg wd B OP AR VIR S A el £ S clFa] e ded
79
“nn =90 2 x99 = 2oL Z9)e 5 ) ) ) )
BRSNS AL TR P IRERT o cva g give 9 ps aduez ara une 2
- ST T EE AR gl e £
‘L +A4E T gES AVSIE v BE O E AT Y FAY 3 o e s g -
L i dad g8 v 599880 3= 58 59 226 ol 49 e go
Zytebe A2 1 xge] FdAtel A A E A F7E 2
‘07 T A, A, B EE 2 SR dF e gl B9 2o glE Aew 2ot
P o] Feol FAHRN Y FAEAL o) W) FAL 2 ‘&7 T d ST S A
A ZA o) A4 9 TAZAIR A L
20171 08¢ 31¢ (31.08.2017)
AL
A
A3} S +82-42-481-8746

A2 PCTASA210 (7’14 £41) 20154 19




TAZdN D

S 53] B PCT/KR2017/006879
A FAR 1A o A e o & =) ILs [
olad E%é{%ééj AL U553 A
US 2008-0019040 Al 2008/01/24 US 7616412 B2 2009/11/10
US 2011-0032644 Al 2011/02/10 CN 103490006 A 2014/01/01
JP 2013-254957 A 2013/12/19
KR 10-2013-0137531 A 2013/12/17
US 2011-0031569 Al 2011/02/10
US 2012-0155156 Al 2012/06/21
US 2014-0008742 Al 2014/01/09
US 2014-0151829 Al 2014/06/05
US 8779538 B2 2014/07/15
US 8913350 B2 2014/12/16
US 9412787 B2 2016/08/09
KR 10-2013-0114327 A 2013/10/17 KR 10-1375871 Bl 2014/03/17
KR 10-1359399 B1 2014/02/10 US 2015-0303873 Al 2015/10/22
US 9407202 B2 2016/08/02
WO 2014-073798 Al 2014/05/15
KR 10-2012-0024028 A 2012/03/14 qA=

X2 PCT/ISA/210 (H] -2 53] F7182]) 20154 19)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report

