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b, el AAlde] mE A9E B 7k A7) Bd e 2 dde] & WX e
F(120) 0.2 AMgsle] ARAE B3 2930] Hsata W A e AAAE B 58S 7}

w de] Aol me 23 AR 7l A7) He JE2 718 (110) ol dAEE ¥R 245120
A

7138(110)> RE=A] 7133 Fokdh o glar, wh=A] 7] AYE(Si), deF-2=-AdgdelH (S0D), A
2rhE(SiGe), A=2rkE(Ge), AHHIA(GaAs) 55 3 o Ut

>

7138(110)2 23RS G5 (12003 ste= gl Akl Aks)-

o
53]

sksk 4= ar, 7] (110) ¥EHo| FAH

of
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AAldel] wel, 713(110) ol Al=F(seed layer) R WHZ(buffer layer) & HoE o= 3UE o X3
[e)

NESS "@E2E(Ta), FHEQRW, EEHE (T, Z2E(Pd), H=Pr), vtadlaOg), sEE(Co), &7+
(AD) 2 B2E() T Hoj= o shs £ = glov, oo AFdH= AZ ofynt. HigHsHAl= A=
[e)

ar, WMol A¥EA SAS(120)9 shdel] FAH

d % AoE ol st TP 4 o), ool AHA BTt vgHsAE, WA

2AES FAF(12002 29 B3 AFE ﬂl%é}i, 2PET 4512009 =9E a3 E= 4 Gl
oste] AF5(130) ] 2RAAE A5 Q7bste] AHFE(130)9] Z]—§} AAe §w3l

FAZ(1200E AFE(130)0] 2B ET BA4=(120)2] =3} o APl 9 =
S AAEZA A~ (deterministic switching) &3 T F714< EFE Al5stsE &3

L 2

9, ~RED BYF(1200S FA Al FEHE AR L 5
AFMWE 2T 5 A, o] 23 AX ANFIE Az 4
g ANFLe 23 A% A7 F 2D9E EAR 45 wsHon .
of 2RAE B3 R 2W A% A/FY Dol AN Wt 2¥AE B3t suEd $YF2
0)e] FRA TEHE AR @ 27 AE 45 48] dd) TAT 5 o).

2~UED 24512002 Z4Ed 2¥9-A% dodeS 7H 3, AT (13009 A7) BHE ~943 Ald AME-HE

o

9, 2RED BYF(12008 AFF130) Wel A1FE 2975 AL §olsl @ 4 Ux, ~WED @
HF(1200€ AFF130Ae] A71ge] G4 BFS WAFoRA 20 Eday B3 dEdE TEY 5 9
o.

wEba], 2 uhgol Axde wE AdAAE EF 76 1] g FES MRAM WlRe AS FRZA7
A AFE AL AFE(130)0S 29A37] Y3 29 H %= Ed(spin orbit torque, SOT)E A

2 oago] AAldd wE AgE E3 7u 27] HY AFe AWET FAHES(120)02 WX TFZ(A7A, W
= "Hawlola, 7] X& 4F WA 2 3-55% wteA] F Holk sfuE xgeh) S AFEE 4 la, oo ulef,
thekst Ay 2% WYolA A7) oW (perpendicular magnetic anisotropy, PMA)©o] &X& < rt}.
A s AI =, 45 BHEAlE 84 (0), er‘ﬂ (Si), A2vkE(Ge), F4(Sn), & o9 7 T A= o=
stUE XY & A, 3-55F HEAe , GaP, InP, InGaAIN ¥ GaN F ZHol® o= s X3 5 9l
o}, ool AgtE= AL ofyr}.

gt 2aHAE B 7k 2] BHd A2 2dEA 245 (1200082 J2

f
i)
-
2

2

o
fru
[>
o
Y

k
Hm
&
%)
3

b
[>
rH
Y
i
0%
fol
Y
oo
=2
1o
[
[

H-5 73 (Spin-Hall Effect) 2 4w}
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[0080]
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[0082]
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[0084]

[0085]

[0086]

[0087]

[0088]
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&3} (Rashba Effect)el] o8] Jegha, o]g]dk dAe 9= A
Aol 55 A=W, Ta, Pt 5) S5 9l

o] A7t AP . T »i% %0 Azl 544 &85 S 3
Al71aAL thrFgh Als o] e Ee A S0 A7t o] Fo AL vk
b, 2PERY A BN HAade Af-9E EF(S0T) @do] Hojd Edo)rle], A¥-#Ak F34E
o 94?‘5¥ 23-5 g7t 738 SOT-MRAM A= AF8-317] &olstal, X(SidF Ge, Ga-As & 4%, 3-5%) HWI=A &
Ae 29-Ae B9 Aoz d4uA e 23-F a3 gh4nt a9t EAERE, X Fas 2vEA
%*3%020)0& A 2R E BT 29 He] JhEstal W HAFA Ee ~9HAE EF a8 VM
T At
pgA A, W2l B A (S vhEA]l g Al Edolar, W-Si e Hg oA dA e
E AP vt HE ALS 7P REEA gl mfg- 2skHRl Edolrle], 2MEA &35 (120) 0% W-Si
TS A At
o] Ajde e ~3AE E3 7Nk Z} | He A3 2983 49312000 X3 = X dae W
EA 242, X Y94+ 9 F(extrinsic) 2¥-F a3E Yepd 4 Q).

o] REH o7 ELE(impurity)® SA5FE X9 9% (extrinsic) 2=¥-5 a3 23]
12913) 249 FFol F7hEss ~99% Ed gfold Bds 2¥-%F Z=(spin hall
22 o)
ES

B2 (inpurity) 2 £A3HE Xol osl A7 Akero] Z7hslo] Yulo] Xe] %
T wube] mAgel Sk & Q.

3 710 A7 HY AFe TX FF Wl ZFHE Xel 24 @3l 37

2~ H % EF(spin-orbit torque, SOT)e o3 A93 AFE= 7] 2 12 xdE 4 v},
[4 1]
2e v ors H
50 = Mtopy Ay (—t — —=
W 20y stru Ay ( 2 ‘/5)
A 1o, B e spgw ma o@ 293 A8, P ap & ogue Bas sy wae 5, Mo oy

Sk, e Apgel A, A ARst Qe nAgsel wwd, e 9% oppy Arge) 2

H

7, Fee 299 89 4 mad 9% AR anE e,

)

WX G el o) 24 el FvbRel meh 2w a3 w89 OHo) SR, 9% ol AvIge 2719

Huerr b pnmlol 2914 A%/ 448 5 ok,

e, §-X T ule] TEEE XY A S 0.1at% WA 10.6 at%d = 9ok, oy, WX el A X9 %
A g oo ASHR ¢, X B4 2449 F 9

b A=, W-X gl A Xo) AL Fo Jays dAge] x| wet 249§ o, A 2%7}
300 CTHE 400CQ A9, Xo 2Ao] 0.1 at®% WA 9.6 athd =, FAA7|o|Ade] &=, 500TS 39,
0.1 at% W= 8.6 at®d W, FAA7|e|WAdo] Hdd 5 i}, o, dHE =0 wE X FaolA X9
Z4 st olo AdE A ¢har, X B we} 2dE S ).

W-X SFaol Al Xo] 24 gaFel 0.1 ath Wwke] 45, H20l9 100ath 243 GEflo] X5 £+ & 9
o] gadl 7Nk 2% B sAo]7]d ~AAE B afo] srold 4 9t}

o
tlo
WB
rU (o3

8]

n

o
o
i
_Y}i
=
><

ﬂ

N
Z o
=)
oy
=2
oftt
o,
®
s
>
o,
of\
5
Ho
ofj
NE
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[0100]
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A 242 ST 5 Qe BA A
W—

E3, A LEsb 50T AS, WX GEFANM Xo Aol GFol 8.6athE AW, FAA/ oGRS
& wuk oheh, WX B u Aol GAHE AYF(RARF D w4F)e] 44 58S Qo] A Bd WG

dE B0, 2¥ET FAF(120002 B2a(N-LHZ(Si) o] AHgEHdE 35, 3 27 ojdtie] iy

= AgEe 24 v&S A8 2%7F 300Ce A, A2 24 v&(x, 017]’\1 xi= A0 0.1 ath <

x < 9.6 at%d F 03, EAF 2&7F 400CA B, AEE 24 HlE&(x)°] 0.1 ath < x < 9.6 at%¥

¢ o9don dxg 2271 500T A9, Ao A Hl&(x)e] 0.1 ath < x < 8.6 at%d 5 Ur}.

ool Ao mE 23AE EF 7§ 2] gy 13 A A7) oo wEEHE X 2Et F
g 4 ot

of m& 2dAE B 7uke] A7) HE A2 dAY 2=7F Skl wel 29 B4 88

=
Q1 %o} 2AbE 3, A% olwy AVIgel Al T} gasse 293 AR e

i
&
%0,
)

wa, dxg 257F ZUhEW gaE y i REAHOoR BEL(ippurity)®E 2ASHE X(d; Ay
B2El o] FolEswA 5457 SIFES o|FHA TR Pt o] n Aol adE & rt.
2 A7) ool Wy = dAE 2% 300C WA 500TH F Art.

W) 22F FAo] ZaEo] ¢)= BEOL(Back End Of Line) &AL 300C U
= FA ¢ A A NSt AL dpH o),

o
of WE A¥AE B 7Nk A7) BE S CoFeB/NgO(AHr</HE wlglolS) =

I
14 =227 oA o] 7] fsiM = Ha 250C A 300CEAEE H&ste] CoFeB(AHt35)2 AA 37}
Rl BQOMC at7] el 300Col e dxels aAstojof Har, dAe] &7k 500CE Zdtehs 4, A4
O 2| s)ol Ad &+ %

FoodE SR WAE Yol A4 542 9t A A
=

woane) Axde] e AAAE B3 /)0 A7) BY 28-S A9ED 4512009 FAd 0, suEa
Bhol 248 4 Gn, ANED BHE12009) FAA 1 mel A FAHe) det m0Ea Ghol 76
} EsEEE, A9ED $4E(12000) FAE 5 m WA 7 molA Hole] 2NEd 58S A4 4 sl

vk s A, Wo A9, 280EA a&0] ¥ Hek(beta) 4& FA57] A= 5 oA HH FAZE 7}
of, 2¥EF F44F(12009 FAE 5 mY + YTt

ol AAldel me 2ads 22 7 A7) BE A9 A9EA 245(120) el FE= A

ofj

A (130) Aksb7p & Wekom nAgu A o o WA oleh thdE =
5 H

5 (130) AT (150) 3} #psh Wako] s (5 HA)d = Jar, (S g ) d s v

d& &, Ar5(130)9] A3t WaFe]l 1S (150)% BFL o, 2] B Hge] AFgh2 #opA|ar, o 4

S delg 0" ozt 74 4 vk, W3, AR5(130)9 A8} Weke] g5 (150) 7 wE e W, 2}7]

g Aol AR AAaL, o] 495 deoly '1'ele AT & U

ool Axjde] me A¥d=
A

=
) 5

I 719 A7) §d J 8 A-52(130)0] A A7) o] ¥4 (perpendicular
magnetic anisotropy, PMA)S 7} A

o}

A& 59, AFT(130)9 At Wdke] 59 25 W3 AS-, 49 25 WEFo= A3} wkAAI7]7] {5, A

Fo A ek AA wEgd 4 . dy AFEEE 708 AF5(130)9] A7) BEHlE JEiR = B

JE 299 Ba8 992 5 o

A5-5(130)2 A 42 7] ol#FA (interface perpendicular magnetic anisotropy)< 2zt &3S ¥3sh
= e 39 Ad

F ATk AW £H A oS WAH FY A8 54 e A Fol ol dus
omyEe] Gl dste] £ A5 WFE 2= AL BA,
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[0113]

[0114]

[0115]
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[0123]
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A5 (130)2 ZHE(Co), A[Fe), E YANI) FdA A= sttE 233 = vy, T3, AF3(130)2
BE®B), old(Zn), &FulE(Al), HERE(TI), FHE R, ©EE(Ta), A2 (Si), &g, A, T
(Cw), BAC), 2 AN} @'% A EHE FodA Hojx shvteg o £33 ¢ 9},

dE S0, AFE(130)8 CoFe == NiFeE ETsly, REMB)S © X3

A}, eold d3toq, 7%
(126) ¥ Aa5(122)= HERE(TI), SFr5 A1), A&, vtavlaOlg), $EE(Ta) 2 AYE(Si) 5
Holx stE o 88 4 9.
Ao wel, AFE(130)S L10AA FZE zt= B2, 205922} (Hexagonal Close Packed lattice;

HCP)E zt:= &4, 2 u]4d RE-TM(Rare-Earth Transition Metal) & ZFoA Aoz s E£3Hd &=
()]
%

5 (130)¢] A= AR ool A7) el 0.9 5 Ao, ol AFHA= =

s

we] Axdo] we 2%
o EFa.

By mgo]F(140) S AF5(130) 2 283 (160)S weleta, A3 (130)3 g3 (160) Akolol] =} 71414
]9 ¥ (quantum mechanical tunneling)o] 7}s38kA 3o},

A= E3 71¥ 27 BY "S55 (130) Aol AEE ge dgolS(14

S e X

Hel
ol

Bl wiE] o] S (140)2 A5 (130) 3 AT (150) Afelell 7HAE < 3ok, HYE il (140)2 vhauls (M
g AsE, EEE (TS Aste, SFrE A 4sts, vladlg-obd (MgZn) ol AbstE, mlavla-1E
(NgB) el AFsh=, Elehg(Ti)e] AsteE, B vua(V)e dste TN Aol sus x4 = o, 98 =
of, BlE wig]o]5(140)2 AAA Absh vkl (Ngd) S 23 5 3l

gy wjgo]5(140) 8] FAE FAA7 ool MAET] 98] 1.0 nn ¥ 5 Jok, ol AFEHAE et
2 odge] Axjde] wE 23 B N 2] HY A BHE wgo]S(140) Aol A= AT (15
0)S ¥g3ie}.

TAZ(150)E A7) WrE 2xe 27 22 A A" 7] ZWES 714
09 #7] EHEE A2¥ES FAHF(120)S 25 AHFE 93 ~aA4%

&
X

AE(150)2 AW 47 x7] o] (interface perpendicular magnetic anisotropy)< zie =2 ¥ gst

AR 54 A7) g WAA £ As 54e 2 A4 Fol 2o ARG e Fhe AWy
Aol elatel 7 AT WFL 2t AL waAY. TAF(50L TLECo), F(Fe), D UAN) FolA
Hol% shie 2 4 ATt

T3k, uAS(150) HEB), oFd(Zn), &FvE (A, EEFE(TI), FHE R, BEE(Ta), A8Z(Si), &
(Ag), & (Aw), T2 (Cw), &A2(0), ¥ F2N)9 2 v EFAE FollA Aoz sus o e 4 Q).
oAE 59, IAHZ(150)2 CoFe = NiFeEd EEslE, REMBE o 28T 4 Ao, old dstdd, 715
(126) ¥ A5(122)= HERE(TI), &Fr5 A1), A8, vtavlaOlg), S$EE(Ta) 2 AYE(Si) =

Aolw sue § 23T 4 Ak

TAFZ(150)2 Td T F2E 71 F Aok Ao o, 145 (150)2 vAE S (E)e s EEd A
A STES Ze g4 AAAAAE 28 4 9

Ao uwgl, 2AS(150)2 L102H F25 2zt &2, 2dS9Z3 A (Hexagonal Close Packed lattice;
HCP)E zt= 2, 2 uAA RE-TM(Rare-Earth Transition Metal) 3 ZFoA ZHolm s =33
oh:]_'

14T (150) AT (130) Bk F4A @45 29730l 47 dojuA @A 444 5 ot

23R B 78 A7) BHY ZES 1] S(150) Aol AP (160)S o 23 4= oz, wtEF s A=, A3
2(160)& Tao] AH&E 2 9},

ARF(160) & Ao AgE = da, A sl ol AYF(ARF L 19F)

lo
|
o,
o
)

N

N
i)
s
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[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]
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AL B 2 mz 39 5 i

ADZ=(160)2] FAZ 2 mEd $AA FAHA, 23 WA mus 24" S 9oy, AFWE(160) =7 A,
Elg wf2]o]F(140) e &S A FAAT oA 24 (A5 (130) 3 B wie]o]5(140) 9] F7)S =4 sfof
"},

o] AAjde] wmE 2@ =1 7R A7) HY {2 29EA G435 (120), AHrs(130), HE Hie
Asd

o] ~WET F43(120)S HH A B o
K

TS, B el Ao mE A= BEF 7 A7) BHYE HF 2
A3 (150)2 AR FH ~AEa &443(120)

AA(cross) FEfolar, A-=(130), B wiglo]&(140) ¥ L
o] FAH-ol A (island) FElZ vixE 4= Ut}

T 28 FFste, ~9ET BAHS(120) HHolA E u 4 A (cross) FHol, AF5(130), HYE wizloF
(140) 2 TAHZ(150)2 A e ~WEZ :@Wz(lzou FAF- M(island) FEZ X5 & & o
AAlde] mE ~WAE B 7|0 27] Hd Hgtol dis AAMs] dysr2 gt

294 BEF 70 7] HE A AHTY Agt Wekel| whE Aol WIlE dAv|Hoz ASsA e,
RE Zo] Az Y (AVEZ A=(120), AE=(130), BHY wjglo]=(140) ¥ 1A Z(150)C HHA &
] HAk(cross) FEA A, AT Far7t AA Aa(A2g)o] Z e} B4 FAjo] gols = 9t}

Ui 27 E g A3 (120)8 oA 2 o A (cross) FEjola, AH-E(130), BYE #jg)e]=(140) 2
Z=(150)2 A=A FEQ MAE& %}@%(120)9] ZAFl A(island) FEZ wix|sl= 4§, i?ﬂ—aql_z B3

o] 83t 29 Aldnt F&ste Ao AFTe At wEko] A¥-A= EF7F ofd A
wall propagation)ell <&l vl¥E AL T 243 ~2WA-A%E EF o3 23 vbdS #=38 5 %E}.
|

ﬂd
o
)
i
2,

E%, AHE(130), HY MeolF(140) D RAFA50E A FHE WA A5, BE F A
A7 EAE @ Agelek ke, A7e Adsst sHEd #4950 wEHY] Adsd 1 S
A A2 WAk o] dEel 2 AR ol as,

%2t B ownel AAdel me suAE Ba /N A BY 4Ee 248 gumel,

(12008 A1 =4 #l(121) 2 A2 =4 #el(122)2 xast 2
122)& A= wAs s 9498 5 sl

_‘

0,
&
é
=
ki
L

A2F Hee ~9ET 845
2RI (121) ¥ A2 =4 2kA(

wpeba], 2p8E 2913 WHe, Al F9E /R E aFgEHY] Al AFG0E Al =41 gl e 27

Al F942 7K1 2F FeE A2 AFGy)E A2 &4 2e(122)d 2718t A8=(130)L A3ard e 4

B 5 ok,

[e]

H
n
L
k)
0,
=
z
S
é
=

N

N
N
)
b

A A3 (0) 8 7K AL ARE FUea, A2 w4 21229 Al 2FAE(0)
g 7 A2 AFE FUAE AT, AFF(130), BY R F(140) 2 2HF(15000] WAL AAAA F A
‘[E'I—

F A% WHe 9w Lol sdsi: HEA QNN FAS vuE, wHAFE ARARY FA
mpRch S0, Sldshe 2EA AgelME, A b uel Ugshe SRR fasIFel et 3,
MRARE b FANT FEAF] Qi AndAe AFAFY BAZ WBA, o] P, FAW
Fol A g an del el Ashe v 44 wAE & Aok

Al

=4 g sEt A9, Al B4 112D Aasks Pl £AT 2n we] wAs
3, 29 ARE P ARE FRCEEH oE AP

AL =4 Bl(12De x PHE mek AFHE kel FUE b 5 Ak A2 B4 80020 AL 24
(12D AT 2l FAE AL 5 Ak oE o, A2 BA B0(122)€ y $@e we AgHe 9

1 =4 gel(12)3 Al2 24 el (122)e 9 Aol A A= wag 5 gon, A =
Sol, Al B4 2hel(121) 2 A2 B4 #1122 FQF (S, xy W) Aol AAT &

g Axfde] mE A3AE B 7Rk 2] HE 92 2¥EA 2451200 AR FHE AEde
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[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

[0154]

[0155]
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oM, 20E G A% B4 ANHoE 54T & du, 27 B g% sl $49L AR 9
W FAT WPoE A4S 4T+ Ak

E 3 ® e AAdel me 2udE B2 10 A7) BY g ARPHE SA% SRRl

wowe] Adee] whe sRAE 23 71 A7) Y AEe Axwpie ¥ owwel A we spis
3 /0 A7) B A8 $98 FHLLE TPSm gonE, FU% T4 Sk e Y
ek,

NRe AR WA & da, ALE /1w BHelE
ASFe (D, PD EE o Adgons d4E - v

A1 (MBE,
atomic layer deposition),
= A<+ CVD(LPCVD,

molecular beam epitaxy),

low pressure CVD),

= =94 7|4 =2H(PVD, physical vapor deposition),
A~ FolA E A (PLD, pulsed
A2+ "W (e-beam) o3 &lA],

L LT R
laser deposition), ¥UA%5 ¥ A (ALD,
3}e4 7] S 2(CVD, chemical vapor deposition),
Z3171-8 CVD(UHVCVD, ultrahigh vacuum CVD) == 7+QE CVD(RPCVD,

reduced pressure CVD)& X&sl= A CVD 4, A7 5, 28 & o592 d99 3¢S st UH
o o3 FAH= 4 9.

718 Aol 29 E3 BT FASeE dA(S110)=, IF AW oA § el X e % ZA)o| AHEYF
o g AW ol ajxE 71 Ao WX FF(A7A, e Badolal, X 45 wkeA)] € 3-55 WA 5 4
AL shE EZEFE) whks Fdsitg

u s, E A WA WA X Bl Al 28 EH Y5 A S (Co-deposition) &2 FF
A Yol wixg 718 Aol "gad-de)E g5 oS g =

2 dgo] AAlde u) 271 He A AzgHS W e 2 X Bl 9] 2 FA

2
N
0
K
=
o rlr

7l 39)7k 85 We &3

X B9 F¢E= 0.1 WX 86.2 W (0.1

= BAZL 93, X B 5H7) 86.2 W
o,

o1 Zo}, 7+ BAN 2 e A (Y
T hrol 54 A F4 @ W),
DANID 2 BAW 2 0 FAE %
spvte] 24 (ath) & AAE 4 AT
WESE X B S92 Ele] H2
2 g ue] 34 £EE o] gale] F B

d& 5o, X2 dyIE& ARgste], W-Si
| (W) 2 %‘ﬂ‘i}(Si)ﬂ <

0.1 W WA 85 WO W/en
ShA W ERAle] Ui 2 olUX7F 7telA #Eo] ArE w

O
O

WA 4.19 Wem)Q 4= 93, 0.1 W vjgto]w | o] Z2ux o=
727} 9t}

Fi

Wem WA 4.25 Wen) 4= i, 0.1 W wgke]w X 7} Zzhex
Zstd X g YUF & olUA 7t 7relA ddol A7 TAZF

Nw, AAE)E o] &3le] E(mole) B 55 (ol /en' )2 A5 i, &
SAEE E(mole)2 #E AxbeE ofg-, AA WX &F “4“%}9] FAE
d8td ZF 24AW 2 X9 & o] AxtE

Selst 3 £xrb A ula@tks sl 50 1 (2.47 Ven)2 %
| YA He d92 FAT & At

AT ), ~HEY G A, 50 Vel Felolx Hx
45778 nm/s B! 0.013678 nm/so] 2=, 2wl de]Fe] A} HE
%vﬂ—e— 5 m=z PSS W, G2y A2 FAC A7 3.72

Lo,
of\
D
>
N
N,
o
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[0157]

[0158]

[0159]

[0160]

[0161]

[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

[0172]

ZIHSd 10-2022-0069798

mm 2 1.28 nm7} € < Ar}.

} _ = -9 B N
2~¥EE Ao 7] AFEE 5X10 Torrd F L, 39 scemd] ol=22S EHS o, #¢] <& (working

pressure)2 1.4 mTorrd 4 AT},

webA, =X e Jlol 28H = X 24 92 0.1at% WA 10.6at%d 5= ATE.

dE Eof, WX 7oz "Hau(W-AgE(Si) gae] AALEE 4%, 38 2A7] ool HdEE A9
A H&e dAg &%7F 300CQ A, AgE9 =4 H&(x, 974 x= AF)e] 0.1 ath < x < 9.6 at%h
d 4 i, EAE X7 400C1 A, A 24 H& ()] 0.1 at% < x < 9.6 ate¥ 5 JoH, &
Ae] 227F 500CS A5, Age] 24 HE(x)°] 0.1 at% < x < 8.6 at%¥ 4 U},

7l g ~2RET BAASS Ak dAE, VX g5 e A dEE dydsis gAE 9 28 5
F=

W-X

S b x ey 2 Azbs Addste] A dEz dEdE 5 Ao
il A71 Hd Ao Ax HHS 2¥ED G5 A AFsS ¥
& sk 9AIS130) B HE wiEols el 45 = =

HrE, HY #igels % ARse 44 2¥H¥EE xdete 284 714 S2(PVD, physical vapor
deposition), WA} Rl OII A (MBE, molecular beam epitaxy), ZH< dolA EZH(PLD, pulsed laser
deposition), YA E A (ALD, atomic layer deposition), WA} W(e-beam) NI ENA], &}sk4 7] Z2(CVD,
chemical vapor deposition), & A%+ CVD(LPCVD, low pressure CVD), =333 CVD(UHVCVD, ultrahigh
vacuum CVD) = 7+t CVD(RPCVD, reduced pressure CVD)E X33 34 OV &4, A7) &3 EE ol&9
Aeje] x3& xdate Wl o8 FdE Aot

Aol whel, 2 odrge] AAajoe] mpE A9 BA 7w 2] BE ke Az e B el A
o dYH= aASE Fske GASHOE JAFF vd5, u4T Bl MEsE FHske A YL
A

APZ=e ~¥HEHYS £3st= &8 2 7|4 Z=2H(PVD, physical vapor deposition), 2} ¥ of 3 &lA] (MBE,
molecular beam epitaxy), H< # o)A EZA(PLD, pulsed laser deposition), ¥A% E A (ALD, atomic layer
deposition), =} ¥ (e-beam) 01]3]—./\], stetd 714 FZ(CVD, chemical vapor deposition), W+ A<t
CVD(LPCVD, low pressure CVD), Z31Z1¥ CVD(UHVCVD, ultrahigh vacuum CVD) Xt 79} CVD(RPCVD, reduced
pressure C(VD)& XEgtate= 344 CVD 34, A7 =5, ZW T o599 499 35 Edate Hrlol o3
FddE 5 .

iz R nAFA A A7) o WA A8 AUE AR @A(S150)F APt

B oo Axdel me AR B3 W A2 HY 489 Az PHe 453 L agFel 54 47 o
WS BAA] A8 GRS APeke BASI0E DA

2o gAlde hE AuAE £ W A7 BY A AR PEe dAe ek g6 net 2a

34 Agel a9 T gammg 293 A%t grdE F

m
u
fol
el
r %]
&
N
ol\
N
w
k]
e
S
S
T
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[0173]

[0174]

[0175]

[0176]

[0178]

[0179]

[0180]

[0181]

[0182]

[0183]

[0184]

[0186]

[0187]

[0189]

[0190]

SIHS31 10-2022-0069798

it}
TR AT £} FA9Y Sl gl RERoR L lmurinE TN KA 422 W47
2 o4 3lE o] v A o] 7HAE 4 ).

ot
il
tlo
o
t
ra
-4
N
)
(o

A A7) ool Wl

e A Joll ¥3}¥]o] 91+ BEOL(Back End Of Line) &AL 300C WA 400Ce dxe)7F 2357 wj&
o, 3l 2EAAE A EAAS AT & AdE &2 JEdstE 32 5ot

wEpA], o] AAlde] wE ~AE B3 71k 2] HY A1l Az WHS CoFeB/MNg0(AHiZ/HYE i
Zoi35) ?ioﬂﬂ FAA oA el WwEEY] EAE HA 250C  UlA 300C  dAE Haske]

)9 ARSI AgEofor 317 wiEel 300T ooz dAHE WIPstolof Hu, AT =7}
500°C & Jql s A9, ATz F8H CoFeB(AHF3)0] 1Y 5 = 25 ¥ E "oy 1}*3%94 E4&
%= A7 ATt

Aol 10 24 Az

[AA]e] 1-1]: Si/Si0,/W-Si/CoFeB/Mg0/Ta(thg Bk %) A%

wvlel el Al AEFel FAE Si Z1(SI/Si0) Aol AU BAL ANEY P FAe] A
(51) BAS W =8 sl smel Pru-AYE FREO-ST, 2UED B4%)2 FASUL, o), o
SEAS AR BAE A AT wE LIEE 2AHYE agdsion, o= g e 23
A7 g A 2EESE 9k 22 AdEY h9E 2Estel Yo §F wne 242 233
Q. Grd-2eT G F AL e Be A 47 297004,

Y2R-deE §F 3 3o CodFedBy (ath) EAS AHE3Lo] 0.9me] CofeB A735S F4E the, 1mel g0
A9% 2 2mel Ta ABF & FHsA

ololl, X 40] EAIE Wk} 2L Si/Si0/W-Si/CoFeB/Ng0/Ta(7| 0/ A1 AralE/ 2R BRE/AGE/HY )
Zol/AB ) e BASA

YA E2 A A7) BY Y AE A, BESE ATL A= AR A A Guterin
DT AEAL, AAAT 43U AL W) mE AHY

S ARl ar, %=7] WF(base pressure)
5x10° Torr olatoln], o= (Ar) B97101M E2 dArt. 7zt Zo FrAE 2 Az ~nEY o
HE ol &3 =4d3lsln.

E B oumge) AAdel me 2yAE B N A HY 23 s B3 54 545 A% 7

z}

rlo
-ii

[AA]e] 1-2]: Si/Si0,/W-Si/CoFeB/MgO/Ta( A HE F3x) A=

SR BT, Cofch ATE R0 BEATE WY 43 Uk FRE WF AN 11 FUA A
k. ¥ 1lash o] 2ol AA F2E 44 wom dedste] 2@ AE B2 B NAZS S99

ot

[A Ao 1-3]: Si/Si0./W-Si/CoFeB/Mg0/Ta(AHr5 A71EEAHT F+x) A=

~UEF FAZ, CoFeB A% 2 Ng0 dd&S =
Atk & 17a9} Zol 2z AA FRE AR BYo= dHY 3 &, 238
AE B3 45 o A Ju=2 FAFTE. dld AES o83t AF-QA7F 29 A% EF 93 z3}
S SA438ln.

il 2
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[0192]

[0193]

[0195]

[0196]

[0197]

[0198]

[0199]

[0200]

[0201]

[0202]

[0204]

[0205]

[0206]

[0208]

[0209]

ZIHSd 10-2022-0069798

x| v A AbstEol FAE Si 7IW(Si/Si0) ‘del CowFewBy (at®h) EFAS AF83te] 4 nme] WY
of H& 2 AYFS AR IMEER 29EYS olgse] FRAT. ol AYFe] TAE
W-deE g
Ay EE v

Zhe] 29 EY w9

& 37 298 sel 1.5me] Hx
Az deE BAe 44 A%, ®
7}

_\-;_, ofj

.
oM FA 2dEYSE Ao

o Had-Ag 2 g 5 Aol A& gl 7] A
ojth., H2Rl-AE AT A 9A WeE 4 Jvh(lom, 1.50m, 2nm, 3 nme] FA).

Youl-deE §5 % Aol Cofeubs (ath) BHAS AHS3t] 0.9mel CofeB 2732 B4 the, Imel g0
2

/AW PR Ast §olFS e AT/AR s/ ES BAT/ATS/HE e/ ABS)E B

23#AE BEa 7k 7] HE A% Ax A, 5555 45 de AFde) FMER ’\fﬂEi‘j/‘(sputterin
)S AREStaL, AAAE A wE wH(ac) PFIVEE 2HEHYES AMESIa, 27] F (base pressure)
o 747} 5510 Torr olatolw], o}2&(Ar) R9171014 22 sArh. 7 Zo T 22 Azh AWEY I
[e)

9% o) g3 zAstainh.

rl

B owlmgo] Aald 1-29F Zo] ATAE B3 /] 2] BHY HIe AddE B3 58S =Ad] g8 A
A vk P25 Az dd 2o s sE sttt

T, AR 2R g A5; wbdS 5] fls] Aol 133 o] AES AYTE A9
E_ S [e:

[2dd 4] dA
= 4o ZAJSE bk} 748 Si/Si0,/W-Si/CoFeB/Mg0/Tas =5 A3 th3, 300TC, 400C 2 500C2] 2= 14]

s dxeE APe, IAe Al 7] AT 10 Torr W
Si/S10,/W- Sl/CoFeB/MgO/Ta( Aﬂlt E3 74E 27] "He J3)el 2 weke g shai i

300C, 400C % 500CoA EAH2E Ayt & FAz7|o|HAd o] FAHE Ald A 23 Ak EF9 &
S sl Y3l ¥ EF AT (photolithography) &H 22 5 x 35 /LH]Z 719 AR 2eke] & vl(Hall
bar)E AA3ATE. FL3 A|HE o]t HATF B & vbE AZgE $ CoFeB/Mg0/Ta 52 A7 4
o] M(island) Fe|2 Az2tste] 2A-A% EF0] 93 =3} wbdS SHs .

Z 5 YA = 102 AsA|HAH Al (vibrating sample magnetometer, VOM)Z 73 Az X w2 z7]o]
2 (magnetic hysteresis) ZrAo|t},

4ol =N wpe} e B oulwo] Ao wE AdAE B4
OFeB/Mg0/Ta T2AZ WHat7]2 deh)el whep @ 5

=5
7Ink 27] Bl ek (olstell A, AAld 1 i/C
] Zhetgle W, 2= 4T A2 §F(0ath A 10.6 at

Wk (out-of-plane) WFo = 27|4S

N

= 300CoA 1AZHE9r dAeE st Daw
1]
ol

d
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o}

5

3L

=

=

H
=g

e
=)

i

Fog A7 ¢
9

+od

3
Al

KO
= 1=

%

A
<!

23z
=7

M W(in-plane) "%
2}7] 0]

=

p

ZF(0at% WA 10.6 at%)el u}

3}
=

E==A
T

247 o]

=

AED BT A

%)l

o

°o|&

=
=

Al (vibrating sample magnetometer, VSM)

[0210]

W-Si/CoFeB/Mg0/Ta ZA) ol A

=

W-Si/CoFeB/Mg0/Ta -2 <l

=

27de] 0 at%ellMHE 10.6 at®7}A 2 27| o

A 7F AyE AAd 1-100] u}
o]

=

o ANFE Artetel &
[ez]

13

FA , 3007C ol A

M W (in-plane) "

uluolk
-1

7€ 400CAA 1475 AAel7 AaE A6 1-1¢]

oy
a

plane),

[0212]

[0211]

7] o]

ZF(0at% WA 10.6 at%)ol] W&

3
=

ECEE

~
o

el

o]
o0

M
0
B

ol
by
el

T

X

W-Si/CoFeB/Mg0/Ta TZA A B2

27de] 0 at%ellMHE 10.6 at®7}A] 2 27| o

=

W-Si/CoFeB/Mg0/Ta -2 <l

=

.

94

9]

A

X
3

A7) AE Ao 1-190] u}
z

H.

1

o
=4
Jo

A

271 0]
A7 A3 AAd 1-19 u}

7] o]
A)
3

=

p—

E]

)
o] 24l 10.6 at% °l

85 3w, 400C A
ol

500ColA 1A 7Hsot

E

=

A

of A= 1 o]

(0at% WA 10.6 at%)ell u}
9

juy
a

44

[0213]
[0214]
[0216]

ar
ek

7] o]

Z(0at% WA 10.6 ath)el W=

3}
=

350 A2

~
o

700

TR
W)

<
o)
No

»AO
B

T

EE

W-Si/CoFeB/Mg0/Ta T-Z=A|oll A

z7d0] 0 at%ollAHH 10.6 at®7t= 2 A7] o]

=

g

A7 APE AA 1-10f] w)
94

[e=]
=

7] o]

=

.

A, 500°C ol A

S

108 =z

g
_

(0at% WA 10.6 at%)ell u}

[0217]

HIFA

A7) 0]

2]
Al

&+

Bl

-

of §AHr 1 o]}

ozel

jan

} =Y~ (harmonics) =494

o

ol A
olul, DLyss, FL ys3, DLyss B FL yss

W-Si/CoFeB/Mg0/Ta T+ZAE =4

=

.

Alel 1-2¢] u}

S
W-Si/CoFeB/Mg0/Ta —-Z=A <l

T2 #7] o]
300C 2 500CoA 1A 7=

1-2¢] w

=

.

A

L

1la

g

a
A
.

[0219]

z}¢

pi
.

o}

]

0
z)!
1

!

el

!

veel

X
Al

o

olo

9

1l

=

]

3 A

A2

o
=

o) field-like =2, 500E

9] field-like E9 @ &o|t}.

A

1l

-

Az dE= oY
bl Az

1A

kel

o]

pud

o

A

o= ]
=

W-Si/CoFeB/Mg0 <

i

-

= A dHE sEd

]

=

p—.

=

Fox
o

pud

A%

=

2] damping-like &=, 300C
o

Alel 1-2¢] u}

]

1l

i
W-Si/CoFeB/Mg0

F oA

9
=

p—.

pud

A

g
Al 1-2¢] uw}

7} 300°C
damping-like =, 500C

A)
=

[0220]
[0221]

N

w

o))

[0222]

A

(30%) ®.o} Z7}3t

oF
;_AO

ol

1

&

)A
of
.50

™
=

N

QoA 4% (four-point probe)

o 29 A% EF &

gud

gk 0.58

Hr} ok 100% =7}
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300C % 500TCelA 1A7E<t g &
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L
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[0226]

[0227]

[0228]

[0230]

[0231]

[0232]

[0234]

[0235]

[0237]

[0238]

[0239]

[0240]

[0241]

[0242]

[0243]
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& o83t S FF A7) MAY % EAF T zolth,
£ 128 SIS A4 FHE AEde A Fo shuds S48 ol gl S4st,

AFE -Si/CoFeB/Mg0/Ta T2A] THFAS W, BAZ0)F ABF(Ta)ol: AT/ 524 2
e H}Ewi AUED BHF(ATF) 1SiFH ARE CoFeb(p = 170 10 o€ W A AE A3
of §ru-deE I MATS AT Azpolnt,

T 128 Fxshw, 300C B 500Ce) A el el deje] 2ol Soldel wel njA&e]l Frteh,
O

S00CIA AAEE WAR A5, AelBel 24 7.6 atwhA 300CAN AAeE AYT GAU AT vlA
Fuk e e el A 2 S AT

L 13 A = 222 AAd 1-30] wE W-Si/CoFeB/Mg0/Ta F-ZA|9l =914 A4S 54 ZAeo=w, 23 B4
BYFE AJL ST, Qo] S)ol A el 2R B FAR H(island) Fe o)
ERINIE S DI EEE

£ 138 300CelA 1ARKES AF AAeE Adstel, £4 A7) oS 2 A 13 meE -
Si/CoFeB/Mg0/Ta A +100 Oce] 9134710l 74 W, Pou-delz G539 24(29: ath)e] B
2917 54% BA YT, £ 14 100 0ed 23R A uwl, ©

(99): atw)ol wHE 2919 542 EAF agsol,

3 FL=
= d=se =4

13 % = 4R B2 B2A-A92 SR 20 BE 29AT B3 264 She2 2E AR
of 24l tstel 9ul BAFRT AL ARAN 29170] Aojuhs AL & 5 Ut

zb= Ao 1-39] W& §-
o] A (&9 ath)el &
"= da5e 24

L 15 500ColA 1AZbEe 1 EAHE AdAste], £ A7) oS
Si/CoFeB/Ng0/Ta FZ=Aoll +100 Oe®] 9|F-2717e] 7haljd of, W2dl-de& g
294 54 =A% agiZela, & 162 -100 0eo] €F-A717e] 7heid )
(&e]: atp)oll wWe 2903 548 A 2o,

=15 8k 165 Fxshd, Had-ded sl A wE A9 B A9 542 BE Al
2ol skl GJadl gdsRn 22 ARolA Aol doju= A & o

%= 17a%E & A7) o)Al S zte= AAd 1-39] wWE W-Si/CoFeB/Mg0/Ta T+ZAZ E=A)8 7|gFw=o]al, & 17b
£ 300C 2 500CeolA 1AIZHsSE g EAE JAdste], 74 7] oS Zte AAld 1-1d W& W-
Si/CoFeB/Mg0/Ta TZAo +100 0e2] 710 71ald W, 2WEF FA=0 gru-AaE T %
Aol w2 293 AFIUE WIS TA% agZo|t),

i 3o P F9 A4 Feje wARew FYse] Az
oE e paE ARE x PEoR, w% yRBoz 340 A5 YA 0E 20 AL B 99 4
3 HAe BET 4 AL, FAR PN AEE x BFoz HojFU 4A/F A wd, A1%E Tl
A gow

B} FAFo R 300CAA EAgrt Jad A4S, dEo] ¥gEA Gs uw, 29H AF DXVl 43.5
MA/em Ol o, el = (Si)e] Aol 9.6 ath 2w, 14.0 MA/cm 7HA] 74Tt

500CoIN AHz 7t Qe A5, Aol TFHA @S W, 29 AF YEs} 33.2 /e oo}, A7
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[0244]

[0246]

[0247]

[0249]

[0250]

[0251]

[0253]

[0254]

[0256]

[0257]
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7F AFEHAS WRy 29 dF dewt 2

it

w2 -Si/CoFeB/Mg0/Ta TF-ZAE

ARFUE)E SAHS 1gZola, &

£ W-Si/CoFeB/Mg0/Ta T-Z41E 300

)E A adToln, & 20

1 gt S &l 2 W-Si/CoFeB/Mg0/Ta T+ZAE 300C
gt &, e )] Wl wE 29 AR(AFEE)E SAHT 1yzo|r].

T 218 AYE o] 0 athl 2WEA FAHAFS FIstE Ao 1-39] @ W-Si/CoFeB/Mg0/Ta T-%AS

FRFLUE)E SA agzeln, =
= 2] £ W-Si/CoFeB/Mg0/Ta +ZA = 500
2 29A AFEFEE)E SAHS agzeln, & 2
Ao 1-39)] W& W-Si/CoFeB/Mg0/Ta +ZA= 500C
5 543 1zl

w

o =
A= sk

E —
o
o
to,
dr
B
N
o)
o
o
L)
9
=
i
>
O
ot
2
S
~
S
i)
H

&= 21 WA 235 i, 10 Oeol A B 150 Oe7kAl A715 S7FehuA QI7kgE o271l ute} 2ksh vk
[e]

=
of dog 294 AF EE AFLRY gho] HFaFE S & & Arh
5

Bha, = 18 Wx & 233 vlwegls

24+ "H2au-AgE g5 AEE FAo] 3.0 at%hel AAld 20] w2 W-Si/CoFeB/Mg0/Ta +ZFA= 500C
oA 1A7Hset Mg dxeE 28y 7, fuE= FHakek(Rutherford Backscattering)< ©]&3F W 9] Si
s TAISE agZeln, & 26F Yau-AHEE dasy HAEE 240 4.0 athd AAl 24 & W-

Si/CoFeB/Mg0/Ta T2AZ 500EelA 147150k 1% dAes Ade 5, fuTs= Tk (Rutherford
Backscattering)& ©]&3 W 9] Si §FES EAIG Tezoln, = 262 BAR-AE Fa359 HAE =4
o] 7.4 at%Ql AAle] 20] whE W-Si/CoFeB/Mg0/Ta FZAE 500ToNA 1A7Hser g dxg2 Ad3 7, g
H = SHAeH(Rutherford Backscattering)S ©]83F W o] Si $hS A% = , =278 "aE-
AP FF5o] HAYE 240l 9.1 at®?l AAlel 20 wE W-Si/CoFeB/Mg0/Ta TZAE 500Col A 1A17H5<t
AE dAgs Ay 5, duF= SHFE(Rutherford Backscattering)2 ©]-83 W W9 Si S =A%

e

f
M
B

2
o
k]

i

7 s, Pau-deE

Al
o

=3
=1

of\i

o] A& %Ao] 3.0 ath, 4.0 ath, 7.4 at% L 9.1 at%

P

T 288 A 7] oS zt:=
29+= 500°CollA 1A3EseE g
W 42 ¥ (out-of-plane) % ¥bet W
& aeizoln, = 30 WAl = 32% AR



[0258]

[0259]

[0260]

[0262]

[0263]

[0264]

[0266]

[0267]

[0268]

[0269]

[0271]
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w3k, A 30 wE CoFeB/W-Si/CoFeB/Mg0/Ta T-ZA+= 23 EF A3} F dhito] Wy oz 23 &
o] H& zte TS FASH FAIE A8 wbdo] Jhsatal, s AT 29 B @43 5o T
g} EAo] A" 4 oty wEhA, tRRlel wEl W-Si Fu e A Fel W WEkew 213k go] F
< 23 W-Si FEF $19 AT olwd A wo R A8k go] H& zte S & g Ut

= 325 Fzed, 9% A71FS 200 Oe oIAF-E +200 Oe 7HA] HBAIZA S o] A3 Ax B0 o3 23}
o= 0 Oecll A= A5t whde] dojuhi= A& & 4 Qdth. EFH, 430 Oeclld 2913 o] Wage] wphH= A2
aH Ad el Akske] WhaFel 30 Oe ol wb#7] wiolth.  ojmf, 30 Oei= SHF AT BAES v
tt.

EO33e 500TAA 1ARHeRE AE AARE sl A A oS Zte AAd 1-1e] wE W-
Si/CoFeB/Mg0/Ta TZA2] Hxwl-Ag & %L%%Ql /“E]—f— %4(0.0 at%, 3.0 at%, 4.0 at%, 7.4 at%, 9.1
at®, 100 at%)ol w2 XA 3dEA (X-ray Di , XRD) AH}E =A% 28| Zolt),

=

= HelHs ®& dolH® Z7te] & dlolE A= 2 Ul

,_h
.
=
o
O
:s l

=]
N
)
2
s

= 339 spEel uf g
A= 9l

T 338 F=xW, dad 3ld BAYES olgdste] gad-AgE g5 A4S @ Ax, AeE(Si)e
Zo] ol wal 7.4 at®7hA = WE-N(beta-W) Aol §A7F Fu (40% 29 AR 9=) 9.1 ath HH
= ¥9-W(alpha-W) do2 Walsly o= A2(Si) o Z7|d+= AS kA3 A7 R A
(Si)e] gFo] Wold52 H|El-W(beta-W) A FAHS Hasle AL &

4o
2
@
&
o
il
O

L 34 300TCelA 1ARFseE g dAZE Wste], FH AT oWAS zt= Al 20 wWE W-
Si/CoFeB/Ng0/Ta T+xA o] Wxul-Ae|& Fa39 dod-He 5359 £4(0.0, 4.0, 9.1 at%)ol w2 4}
= M W (in-plane) FHAA& v (Transmission Electron Microscope, TEM)S o]-&3}e] vlulo] AFS T A
omiA|eo]aL, & 35% 500CA 1AZHESt WE dHEE Adste], 52 7] o|PAde zt= Ard 29
W-Si/CoFeB/Mg0/Ta 249 HAd-A2& 759 Hxul-A2& 359 £4(0.0, 4.0, 9.1 ath)ol
bk W Y (in-plane) F#A A1 A (Transmission Electron Microscope, TEM)E o]&-sle] wlule] ARG

g ojujx|eltt.
= 34 9 & 35904 W-Siel T 25mmolth.
]_

2 8

T 34 ‘% T 3652 FxsW, T/ 25 mz FAAY dA-8 %7 300% o]l AS-, HAE(W)S In

(alpha) A& Azds AL & 4 o).
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