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1) (AEE R MR KRR 5 A TR 2R, Jbat 100191)
2) (HEREBE TR, dbat 100029)

(20154 7 A 15 HYZH); 2015 4 9 A 9 HUREME R )

WEFL T Mo 7 i JZ J5 2 4 MgO/CoFeB 45 #4 1 4% 18] 5 PE (U 2 M. WF JU B, In-P 4T B3 A R 10
MgO/CoFeB/Mo K ih I NI P & 6 57 4%, I ELBEH CoFeB HJE LIV, TH A # i) 5 V2 W §5; 75 CoFeB
JEPEJE/NE 1.1 n I, A5 AT DACR AR A % [ 3, 36 BT ) B0 A DA AN 373 i/ JEEAE 0.9 nm J2 BATR Y
TEOLN, W& R SRIE K. B5% Mo B i )2 5, 2 tave = 1.6 nm N, 3 BT [ BRI B/, A K
(IG5 9 T BN, AN TR) 5L ) Mo 7 5 J2 % MgO/CoFeB [FIHE % i) AR WA AN F]. Mo JEEEAE 1 nm [
PAF I MgO/CoFeB /Mo it F Iy T A % [i) 7 14, Mo 78 i /2 )& FEEAE 1.2 M1 5 o 2 [AJ IS4 f H 0 17 3 B
) et I B B W U)W R AR T AR, Mo 8 55 2 ERE N 1.4 nm IR S IR AT LG 23 K — 28

KA B )E, TEUS AR, BISEE
PACS: 75.70.-, 75.30.Gw, 75.47.-m

15 =
H e 5 78 7148 i BE LT it 2% 1% (spin trans-

fer torque magnetoresistice random access memo-
ries, STT-MRAMSs) 5% 4t [ H At B A7 23 A0
bb, HBA S NSRRI B S L AR R
1 A K. Busm IR AR R St s B
Bt A W] BE OB — ARAE A ik, B AL S
FIAF M d. TR ), #8 8)E WEE 2 A e
R AR KA. MRAMZ:4 T iR AL
i o BRIE L 5 B v BN IR A7 R AR 94 R, Rt
W E1 T — SR G35 g R B8 SR, WF 5T
VI AF ik 10 2SR A A 45 4 B A 2, AR T
20 nm, JCH A RBEEE T LA I 2 L
5t 1% (perpendicular magnetic anisotropy, PMA).
A L VE BB JE 25 8 9 4 STT-MRAMSs k=, AT LA
BRAT e B PR AR A TR AN R R A BN H U

* [E K R R R IT R (AEHE S 2011CB921804) BRI HJIRE.
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B L H AT IR B A AR 2 R W
W), FEXHR 2 Fh B AT 5 BRLS R 1  2 R R
BEAT TR, a0 ol U 4 B W 1O [Co/ (Pt
Pd)] Fl [Fe/(Pt, Pd)] Z 2 MU 8Ly 17 )7 & 4
5 121 CoFeB/MgO £ J2 5t 51 5 0 %1 2 81
PMA 1] CoFeB/MgO P 18 25 ¥ . 7T g B 2]
MRAM H. F4b, ££200—400 °C 2 [a]38 KB XT
T-WEF%EIE 45 (magnetic tunnel junction, MTJ) I
X PMA FREME A IR I RE MR, 2 f M e i T
BRSO R, 2R B R R DL L 2
{10 T %o 35 g i e e 1) R BB AT AR K s, A
H 24 CoFeB [ AE0.7—1.5 nm 2 [A], A4 4 A fE
HI PMA. 56T PMA [#i2JE1E CoFeB/MgO 4514
A R T Fe 1 3d U T 5 O (1 2p,, B THLE
Fh A A O e HHLEE — B AR T BOBR A
X T AR ) B AR AR R AR 52 MTJ (1) PMA, G
L% TOU 4 R 1) 7 5 2 1) R 2 X6 CoFeB ¥ PMA #
M AR UK. HLAn Ru AR AE MTJ JF i 5 il i 4 A T
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W, SR AEARNT PMA D617 54— A 5 3 JE [
FC A THL 45 AL [A) ) 5 T4 5 LE SIS S5 A TR B, AR T 25
14 R B 25 5 J R B J2 115290 FE ] A 1) 4 AT 9T
o E R B BB FE T MOT ZH % Mo )220 /2
AT THF5T 1200 760 S 4544 Mo/ CoFeB /MgO i 7t
H R B Mo X CoFeB/MgO [ 520, $& & 7 i% 451
(R FERE M KILAE 450 °C TS LT, CoFeB 1%
FEAE 1.0 1.3 nm & A AT DL I 9 36 B 4% 1)
Sk, Mo HIZE MR Ak, JF HIRCH TR BUEAE)R . H
XFFAE N Mo 7 o 2 IBIE AL, 124 9 1ok WLVEAR i)
RIE.

N Tk — 8 B AMo & i E HI MgO/
CoFeB /Mo 45 ¥4 ) i 11V &, A SO F i 428 Wk St
PR 26 H 2 2 MR i 254, [R] IR e A S A
I FE R AMINAS [R5 1) (R IA AR K AR B G i 22
JE PRI R 25 1) e P AN SR BE BEAT T A0 At A

I G 38 T R A W T e 2 R R A
ARE A N5 x 107° Pa, £ Ar SR P T/EH
LT 0.5 Pa. SLIGPE IR 45 M & 7 &0t SV 4k
) Si kA B RR = BHIR T S5 0, W 1 BR. BTl

PSR A RS MgO, Mo % 1 S I, W5
CoFeB i # 7 H i LI, MRS H R Wik 1 fral); A
I E SR 2. fERIR A KR, 4
e b F A 43 3G N T TP RG34 100 Oe B3R B G 3
100 Oe, 1B KL FEAEHMIN 4000 Oe 2 i FE 1)
3, 18 K 4358 200 1300 °C, BFIE] 1 h, iB K
HAET 7 x 107* Pa. FJH SQUID-VSM ML #¥
s PR Sk B [ 2.

Mo

CoFeB

MgO

Mo

PEILSIHEF

1 FERE RIEE
Fig. 1. Multilayer film structure diagram.

1 OWSEE
Table 1. Sputter rate.

MgO CoFeB Mo Ta

WesdR/As—t 0277 0.300 1.031  1.124

%2 FERLH (nm)

Table 2. Sample structure (nm).

Fre e A K R T 1) IBKIREE/°C
1 Mo(5)/MgO(2)/CoFeB(0.7) /Mo(5 AT 200
2 Mo(5)/MgO(2)/CoFeB(0.9)/Mo(5 AT 200
3 Mo(5)/MgO(2)/CoFeB(1.1)/Mo( AT 200
4 Mo(5)/MgO(2)/CoFeB(1.3)/Mo( AT 200
5 Mo(5)/MgO(2)/CoFeB(1.5)/Mo( AT 200
6 Mo(5)/MgO(2)/CoFeB(1.7)/Mo(5) AT 200
7 Mo(5)/CoFeB(1.1)/MgO(2)/Mo(5) A7 200
8 Mo(5)/MgO(2)/CoFeB(1.1)/Mo(1) AT 300
9 Mo(5)/MgO(2)/CoFeB(1.1)/Mo(1.2) AT 300
10 Mo(5)/MgO(2)/CoFeB(1.1)/Mo(1.6) AT 300
11 Mo(5)/MgO(2)/CoFeB(1.1)/Mo(2) R 300
12 Mo(5)/MgO(2)/CoFeB(1.1)/Mo(3) AT 300
13 Mo(5)/MgO(2)/CoFeB(1.1)/Mo(5) AT 300
14 Mo(5)/MgO(2)/CoFeB(1.1)/Mo(1) EH 300
15 Mo(5)/MgO(2)/CoFeB(1.1)/Mo(1.2) EH 300
16 Mo(5)/MgO(2)/CoFeB(1.1)/Mo(1.4) EH 300
17 Mo(5)/MgO(2)/CoFeB(1.1)/Mo(2) EH 300
18 Mo(5)/MgO(2)/CoFeB(1.1)/Mo(5) EH 300
19 Ta(5)/MgO(2)/CoFeB(1.1)/Ta(5) A7 200
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3 pATEITE
3.1 Mo BHEXEHIHEIERERIF M

SIS HRE S Z5 8928 Mo(5) /MgO(2) /CoFeB(0.7
<t < 1.7)/Mo(5), 3:LA5 nm JEE Mo {F AN 55 )2
A KPR R A R AT WL T AT 1Y, e K/
9100 Oe, 1B KA 7200 °C. £ CoFeB 5 £ 4
1.1—1.7 nm Z [A] #¢ 5 R I 9 A & 5 57 4 (in-
plane magnetic anisotropy, IMA), 7Ef& T 1.1 nm

I, IMAVH 2R, B 2 s, 3 B 7 18] B RG iT [R] 28
() TN 7 B A V5 R 93/ IN T 98/ 0S, tn P 3 B, i
HIBE A CoFeB I J5 B ik, MRS T 32 (1) it &
(Y THT P A 2580 5 2 e ) e X AL sk /), T P 8% 1) S 12
FEIZ W% 55, 11 HE BT ) BRI 8 f 5 ok,
IRA ] Be 2 KA BT s I i T 9 3 2 3 1 a5 )
% SEH, [HS 7 PMA fJH L. 78 CoFeB 1) )5
T T AN PR AR R 1A AR A TS,
RISl A K R R 1S 7 TR A 1 TGV DR A T
FRYTHD P % ) S

—10 —5 0 5

5 10

Field/kOe

2 (MFRA) PATHS T4 KK Mo(5)/MgO(2)/CoFeB(0.7 < t < 1.7)/Mo(5) 454 (200 °C FiB-k 1 h) Al

LN A HETES

Fig. 2. (color online) The structure of Mo(5)/MgO(2)/CoFeB(0.7 < t < 1.7)/Mo(5) with as-desposied in-

plane magnetization, annealed at 200 °C 1 h. In-plane and out of plane magnetization curves for samples

at room temperature.

(a)

Tan =200 °C

—10 -5 0 5

Te BRI A [ s (b) 3 L7 i) B el ¢

Field/kOe

3 (MTIER) TR T A K Mo(5)/MgO(2)/CoFeB(t) /Mo(5) 45#4 (200 °C Tk 1 h);

(a) T

Fig. 3. (color online) The structure of Mo(5)/MgO(2)/CoFeB(t)/Mo(5) with as-desposied in-plane magne-

tization, annealed at 200 °C 1 h: (a) in-plane magnetization curves; (b) out of plane magnetization curves

at room temperture.
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Field/kOe

4 (R FATR T IE KL (200 °C TIBA 1 h) R T IR B4 (4 R BE ), B 3om

AT ITIA)

(a) Mo(5)/MgO(2)/CoFeB(1.1)/Mo(5); (b) Ta(5)/MgO(2)/CoFeB(1.1)/Ta(5)

Fig. 4. (color online) The structure of samples with as-desposied in-plane magnetization, annealed at 200 °C

for 1 h (red dot and black cube representatived for out of plane and in-plane, respectively). M-H curves at
room temperture for (a) Mo(5)/MgO(2)/CoFeB (1.1)/Mo(5) and (b) Ta(5)/MgO(2)/CoFeB(1.1)/Ta(5).

7R [ ) 4% 26 2F R, S EE Ta, Mo P78 55
JE TR S5 R, Mo 1 N 7 55 J2 16 25 A6 PRI R K —
Se P 4 proR. T AR 7T R & BLE 55 )E
CoFeB/MgO 5 ¥4 1) 5 W A5 %} -1 2% v J2 58 i AUk,
H Mo fE N7 5 2 bk Ta fE N7 35 2 45 KR L H
SER [ THT P G M i, T B TR A Mo AR B 2 A,
TURVAE KR K5 B Mo JZ0 R iR g 4y, $85 1 &%
FE) ) i 3 T RG] T 65 A0 ) TG P % 1 S )
T U, ST B A 1) S VR R e ROB W3 11
S2M. AT RS R AN [F) 7 56 2 ARk F £ 1 T R
MU ERE 3 BB RI3HFE AT P Mo (¥ H 5K
T Ta, 5200 T Co(Fe)—O #, 3k & m) 2w E
Al RE W 7 56 2 R

AN[A)JE LB CoFeB [IFF i ML AN M AN [F]
(il 5), ARt A E. R TS A
T,

Kegr = M Hy, /2, (1)
Kegr = Ky — 21M + Kit§open, (2)
M = My(tcoreB — td), (3)
tCoFeB = tCoFeB — td, (4)

Ho Kegr, Hi, Ky, K, t&opens tas tcoren 77 AR
KA B MR AR & W et Re. Ft & m) 1
A&\ R CoFeB JE R WAL 2R BE R JEFE. 1E
1B KR N 200 °C 44T, 15 H7E Mo 1E N7 5
JZ I R B EE S ARG AL SR S M 29 1600 emu/cm?;

5 Mo 1 N2 1 2 B 45 # EL AR PO)) M EL T Ta,
Nb, Ru, TilP? KZ1°41150 emu/cm? & —5%. &
TR B Mo 15 4 78 56 )2 W RO R Ak 5 5 K, (B SE 2
W E R ) 7838 K Mo POV R 48 Ta, Ti 127
AR A, MRAE W — B T fas P Mo Al
CoFeB FHAI X} T CoFeB JZ 1 f b 2] 7 — & fiE i3t
YEF, BT 158 CoFeB MIfiMERE, HIbZEM BH

241
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o
2
@
)
3
=
|

Moment/10~* emu-cm 2
© = =
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T T T
[
AN
AN

e
=
T

0
0 02 04 06 08 1.0 1.2 14 16 1.8
CoFeB thickness/nm

5  CPATHES T A K (200 °C FiB K1 hf Mo(5)/
MgO(2)/CoFeB(t)/Mo(5) £ FIA R CoFeB J5 % [
ANt

Fig. 5. Thickness for the samples Mo(5)/MgO(2)/
CoFeB(t)/Mo(5) with as-desposied in-plane magneti-
zation, annealed at 200 °C for 1 h, the variation of M

measured in the in-plane as a function of CoFeB.

ELI PRI, S Mo B NS nmENE &
JZ 5 R Ru B VR N 78 35 2 I S5 M AR, S
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HILPMA, H Mo FAEN 0.91 erg/cm? (WK 6),
i T Ru; WEAEJE R FE90.26 nm, KT Ru )
0.48 nm. {H Mo A [AF Ru, RufE 458 H 1F 2 b
i EE % EYASH PMA KL, Mo 1E N2
JZH B PMA POl At MofE5 nm R A H B
PMA, AT gE2F i T8 1 Mo & & 2, B hn it
R P AT WG AR FH AR 1 2546 1) IMA, 4
il 7 PMA () H B, 8195 5 1 A PMA T2 v iR
el A

0.8f. Mo(5)
R 0.4 \\
g N
Q ~
EO \\
L 0 .ﬁ.\
X 04 \
\i
—0.8} Sm
1 1 1 1 1 1 1 1 \4
0 0.4 0.8 1.2 1.6 2.0

CoFeB thickness/nm

El6 FATHES N AEK R (200 °C Rk 1 h)Mo(5)/
MgO(2)/ CoFeB(t)/Mo(5) 4 4 FI A [i] CoFeB J& F 1]
Kege - t

Fig. 6. Thickness for the samples Mo(5)/MgO(2)/
CoFeB(t)/Mo(5) with as-desposied in-plane magneti-
zation, annealed at 200 °C for 1 h, the variation of

Kegs-t measured in the in-plane as a function of CoFeB.

3.2 MoEE N FITHIIA T £ KM
H4 1 BE OS2

TEPAT G B UL RE & 2 BRI 9 A
A S, FEIXRE B S R AL T Mo 7 55 JE R
CoFeB R fe (52, 1 GE & KNI KR FE 52
T BIETFHIY L, CoFeB 2% # MgO 2% T &
4 (001) J7 g s, BeE A TAERAS. ALEL
BT, 5 nm JE 1) Mo {F A7 85 )2 R E5 46 7= A T
SEZ, ATREMR Ru —FE& A UK B -, Mo & R
KT B i il Mo 7] CoFeB HH ¥ 8y, 7242 T HIAL)E,
WEMEGZ A T RIENIEE D). BATHE R
LA Mo 1E R 78 55 2 g5 M A AR Y 7 75 2 — FE TR
BRI BE 2 & 2 v T A BME R G 2 T RESE 2,
FEAE TR R REAE R BT s T S e, B AN
T SRR BE.

1E U3 78 5 J2 1) R FE RN IR KR FE R, R LR
KR BE DN 300 °C R b 1 HE L U7 n) AR A 3 L
200 °C 1B KFfE SR, AT #3 H 300 °C 138 K& AT LA

RS TP & ) S P ) T ) PMA #4848 7 (a)
M7 (b) Fias. 1£300 °CIRKIRET, R E
{19 Mo X 12 45 W AR ARG AR B2 A ok, w7 (b),
Bl 7 () AIEE 8 flrzs. 22 I PR 42 sl P 5 A |
FBY B, 1 CoFeB 45 #4545 7| T 1L

1 (a) tMo= 1.2 nm ==
0 tcore = 1.1 nm /'(
Tyn = 200 °C ——//
—— 1
1
(b)
tMo =1.2 nm
0f tcoreB = 1.1 nm
E” 1k Ton = 300 °C
S Mo =
tmo = 1.6 nm
0 tcore = 1.1 nm
1 Tan = 300 °C
'@
tmo = 1.2 nm
or tcore = 0.9 nm
1 Ton = 300 °C
—10 -5 0 5 10
Field/kOe
B7  (MPEE) SPATHS KR (408, BIanilEns
MEEMFIT)  (a) Mo(5)/MgO(2)/CoFeB(1.1)/Mo(1.2)
(200 °C 1 h), (b) Mo(5)/MgO(2)/CoFeB(1.1)/Mo(1.2)
(300 °C 1 h), (c) Mo(5)/MgO(2)/CoFeB(1.1)/Mo(1.6)
(300 °C 1 h), (d) Mo(5)/MgO(2)/CoFeB(0.9)/Mo(1.2)

(300 °C 1 h)

Fig. 7. (color online) The structure of samples with
as-desposied in-plane magnetization (red dot and black
cube representatived for out of plane and in-plane, re-
spectively): (a) M-H curves for Mo(5)/MgO(2)/CoFeB
(1.1)/Mo(1.2), annealed at 200 °C for 1 h; (b)
M-H curves for Mo(5)/MgO(2)/CoFeB(1.1)/Mo(1.2),
annealed at 300°C for 1 h; (¢) M-H curves for
Mo(5)/MgO(2)/CoFeB(1.1)/Mo(1.6), annealed at 300
°C for 1 h; (d) M-H curves for Mo(5)/MgO(2)/
CoFeB(0.9)/Mo(1.2), annealed at 300 °C for 1 h.

76 1.2—1.6 nm 2 [8], HOAVEE R A A BE U i) A8
1, Mo 78 i JZ B BE#EI 1.6 nm ), 45 #4 M R kG 56
IS, WS E T & 77 M A, f£1—2 nm
Z A A — RGO, A e Mo 8 &5 /= H %
TR, 5 EMEE A, BEE S
BB K TP A e v R G 3 T 2 5
ZAEHIREYERE. R S T LAE 1.6 nm (AL &, fH
312 5 R 3 BV RN WL AE (0 A v AN g BN, IR
EAET 1—2 nm Z [A] 1) Mo 75 72 )2 % A F T CoFeB
enfl, A G ESBY B 2w e I A % A
P, n) 3 LS ) e MR TT M AR R R,
RUAS 75 AT #E 3 T TR CoFeB 45 74 th TG 1L BEAS IX
FERTEE S
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10
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LTE Lar f -A- Hy
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Tl -/I\ \‘ 4 3
= A
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E 0.8 F A 42
06 1 1 1 1 1 0
0 1 2 3 4 5

Mo thickness/nm

B8 (MTIRM) FATHIA FAEHK (300 °CiBK 1 h) Y
AN [A] Mo J& J Mo(5)/MgO(2)/CoFeB(1.1)/Mo(t) £ #
PRI AR (B €07 1) VR BT 5 il T () R [l 2211
WA (2B =)

Fig. 8.
Mo(5)/MgO(2)/CoFeB(1.1)/Mo(t) with as-desposied

in-plane magnetization annealed at 300 °C 1 h, the

(color online) The structure of samples

variation of M measured in the in-plane as a function
of Mo(black cube), the vatiation of Hj measured in

the out of plane as a function of Mo(red triangle).

3.3 MoEEXEEWD TEKNEH
FaME REBY 2T

SIS R I AE I IOAR A A I R R BT AR I AN
[F) 77 7] %) B 37 0k 485 e 22 B H 1 % 1) e MR A AR K X
ol B JT N TS R S AR K. G R KR
AR CHEE, RARBUE 2 AL B, AETT LA
DU & 0] S 1 B R /0N, 3B AT AR B il 1m). B
Wit TR A KA — MG SIEM, B
AR T HEE SN, RAERICIPMA, W& 9 Fixs.
Chikazumi P AR5 «J7 45 57 RIS [7] 1) J 7 X6 11

F R R A ARX LR, 7 17 51 S
WA R 1 R 7 A — P A % m) et AT D@
1B K 5 CoFeB 2 =Ft & MR TR AR,
Sy il WNTHT P9 % 1) 2 75 ).

JE AR Mo 78 55 J2 (1 SRS (A 10), Mg
Mo 7 i /2 4 1.0 nm J LU N 3A H I PMA, 1
FRINIMA, 4 Mo EEAE1.255 nm 2 [A]1 2
FIREDS B PMA, 1T CoFeB 7E Ui R F2 o 2
JE MR, IR K AT LK B 55 M CoFeB |9 HL
ok, Sk, B TR 48 E Y #, CoFeB & it
MgO JZi% S ik (001) 25, F 0 b B I
SHERER T PMA. XF Mo EE N1 nm K/hT
1 nm i, RILN IMA, 7] §E7& Mo 7 i /=1 T, X
T B 805 155, L BT, B EETE
WEMIHES T, WITERIN I B & W 57 1
A 7T 82 R Mo 21 A 56 4278 75 (1 CoFeB
J2, 1 RS A AT R L PR AR I PMA G
v MR IR R B BE e, R R BN THT PN 5 1 S 12k
IR AT RES T FRESS R, Mo 7 55 2 1 )2
FEXT T A5 W RV REAA AR K s, 0L @ 78 5 B
WKV RS0, | BN T 4MA S
YEFH, Mo 7 55 2 X T 45/ 1 % ) 1 — & IR 9
TER. 4850 Ak LK I SR, B o AR
KEFT ST, KIAE Mo N 1.4 nm [ 45 F4 HH i 1)
K2 PR 7RSS N LT di, SR EEET
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Fig. 9. (color online) The structure of samples Mo(5)/MgO(2)/CoFeB(1.1)/Mo(2) with as-desposied
out of plane magnetization: (a) as-desposied; (b) annealed at 300 °C, 1 h.
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out of plane magnetization, annealed at 300 °C for 1 h. Inset: the M-H cuves under the small

magnetization field.
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Abstract

In this paper, the influence of Mo capping layer on magnetic anisotropy of MgO/CoFeB/Mo with varying thickness
is studied. It is found that Mo capping layer shows more saturated magnetic moments than Ta capping layer. The
direction of the external magnetic field has a great influence on the magnetic anisotropy. The MgO/CoFeB/Mo sample
prepared in an applied magnetic field parallel to the plane shows in-plane magnetic anisotropy (IMA). IMA becomes
weak as the CoFeB thickness decreases, and it still exists when the thickness decreases to 1.1 nm. At the same time,
the saturation field vertical to the plane decreases. When the thickness of CoFeB layer decreases to 0.9 nm or less, the
IMA disappears. In our study, the saturated magnetization and magnetic dead layer are 1600 emu/cm?® and 0.26 nm at
the annealing temperature 200 °C, and the interface anisotropy is 0.91 erg/cm?, which is smaller than previous research
results. Increasing the annealing temperature helps the sample keep the saturated state under a small magnetic field
vertical to the plane, and makes IMA weak and transform into PMA. The variation of the Mo capping layer thickness
affects the saturation magnetic moment of the sample. The magnetic moment shows a sharp downtrend when the Mo
layer is between 1.2 and 1.6 nm, then it turns stabler with Mo capping layer thickening. Meanwhile, when the Mo
capping layer is 1.6 nm, the external vertical saturation field becomes smallest. However under the parallel magnetic
field, changing the thickness or annealing temperature, or changing both leads to no PMA occurring. When the magnetic
field direction changes from parallel to vertical direction, some of the samples show PMA after the annealing process.
The magnetic anisotropy of MgO/CoFeB/Mo varies with the thickness of Mo capping layer. IMA is present when the
Mo capping layer is 1 nm or less while PMA is present when the Mo capping layer is between 1.2 and 5 nm. The sample
coercive force in the vertical direction varies with thickness, and its magnetic hysteresis loss is much larger when the

thickness of Mo capping layer is 1.4 nm.

Keywords: capping layer, perpendicular magnetic anisotropy, magnetic dead layer
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