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MgO /Pt FEX11E5m Co/NiZ ZIREH
Fh & m M AT E MR R
EigRDY EHEED EHD FxA

1) (LAt TR RS H 4B, dbat 102488)
2) (ALt BHE KM EE S (% &R, dEa 100083)
(20154 3 A 31 HUXF; 2015 4 6 A 5 HUREIMEHHR )

K BRI S VATE BB 2 i B 46 T Pt JE R MgO /Pt MUK Z 1) Co/Ni 2 JZ AR i, il i e & 2
IR T T AR MgO JBE B Kl X A 3 B G %% 170 72 1% (perpendicular magnetic anisotropy, PMA)
RIFEm. [ R JE  MgO 5B IR IZ TG n, A & i /)t b8 < 395, 28 /R A BH AR AN K XA it gk AT 1B K
Wb 5 RN, Bl Pt RJE Co/Ni 2 2 IR 1R KR IO T, 82 2 F B A1, it g R Gd BEAIC, 4 AR
EPERLE; T2 MgO /Pt XUR = FIFE i 7E 200 ©C 3B K Hrmi )y KGN, 2 2% BB oA B, 58 iR

UL Co NI 424k, 32 RIR K PMA FFAEJES.

KRR WAPE R R, T B ) A, SRR RN

PACS: 75.70., 75.30.Gw, 75.47.—m

15 =

H e %% ¥ 71 56 208 AE B 55 1k BE AL AT i 2
(spin-transfer-torque magnetoresistive random ac-
cess memory, STT-MRAM), H JiE itk Btk 11
F MBI ARIEIRE S A EEEN L, 3
T E R 70 R L BE N LA i 4% 1 T 1505 I [A) R
il B K RO SN EAR A AR B K i
71, B A T B W5 19 5 1% (perpendicular magnetic
anisotropy, PMA) [#G48K 2 JZ 12 STT-MRAM
Z R FE BB B, MR TR E R
AR E PEAEAR AN, DLE PR 9K Z5 1
HL L 5 S MO0 TR e 1) P U L, AT RIS 284 T
FE B ot LA R 0 F 78 R A A rh k2 / )
ZEkgrh, 11 Co/Pt, CoFeB /Pt 147 255 4L H) .

BT Co Ml i Pt, Pd, Aukk NiZ%4&J@Z2Z
() A7 250 5 FR) P T % [ e 1R R, T DA 22 A FH SR i) %
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HAPMA MR ZZHE 0 Mt thEE 2 2
JREE R, Co/Ni 22 J2 i B T HL £ T K1) 5 R R BHL 2%
7 ARG PR P 45 1) S5 P T 52 B 5 10120, —fi
Hb, T UE 1 R 2 S JES J2 5 A R R 2 2
MRS, MTT$E e 2 2 PMA, {H H §ixT 2
JE B2 B T R R A AE 8 ST 2 8] RS
M2 )= ) 4 8 = S BT BB, nrbof 2
JE I PMA M R U5)) 1A B i v RN 2% i)
SV RG L BELRA R T A 5 R A D410 MO fE
NG Z, YA Co/Pt Z 2R E+, 5%
JZIEFRAR T BB 4l Pt AR MR 2 MR R 5 PMA
P U6 Mi7E Co/Ni £ 2 A B MgO 1B N EZ
IR IE AR >, eAk, X a4 8 K 2 Co/Ni 2 2
iR PMA [ e M — e s 07 3¢ F MgO
NIKJZE Co/Ni £ JZE PMA K38 2 M 78k /> L
s,

AR SN P RS DR 52, #1146 T LA Pt I MgO /Pt
NIEJZH) Co/Ni 2 JZ B, FExF Hdh AT 718 K Ab 3,
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i I SCH R BN T VE R R R MgO B FE. AN
[ 3 2RI B S B o PMLA 14 3R OS2, DA E L 7
Co/Ni £ JZ 5% 2 Hoin NI 24 )8 FE MgO Flid iR
FEE IR ARG SR i ) PMA.

FIT A B i 251 SR PR R 42 W S 2 7 B R
A, Yook TAERRESL & BL 1T o/s (I EE B #%,
PAMESRAFAE KIS S HRE . TR R A AR B2
F 2.0 x 1075 Pa, TAES AN Ar < (99.999%),
TAESIEN 0.5 Pa. S HIH 3 2 H1 Dektak150

U B Al g, 2> ) v MgO: 0.035 nm/s, Pt:
0.075 nm/s, Co: 0.047 nm/s, Ni: 0.042 nm/s.
FESH AR5 514 Pt(2)/ Co(0.2)/ Ni(0.4)/Co(0.2)/
Pt(2) F1MgO(t)/ Pt(2)/ Co(0.2)/ Ni(0.4)/Co(0.2)/
Pt(2), A3CHRE G R EE R nm FoR, Hodt MgO J&
J taigo MIZEALTE B AN 1 2 5, BT % 5 A 2 nm &
Pt RS2 By LERE S A X 1 #5 J PR R it 7E 52
= H R O T BEATIR K, AR B AR T
2.0 x 107° Pa.

RGP AR 1 B IR BLBE 2R p,y, 5 AMINEE S B 1)
KF K0

Pay = RoB + 4TMRsM |, (1)

Hr Ry NIEFEI/RFRZH, Rs NIRFEE/RZE, H
W B IR RN B IEH B R RN R — A B g LA
b, — AN pry 1E BT RE SR ) R B 43 (0]
AT DLIE Ik 0 A i ) EE O (B 2 SR T 1 Ve )
PMA PR3, i B8 2R B 28 F D4R EHVE AT I &,
A PSR BURE & ) 7K 3 FH (Hall resistance, Ryan)
I 77 (coercivity, He) %5615 5., WinJ7 mEH
TR, B E RGO R O LR A Y I R St
(PPMS) H B4R Zh 4% it 5 1 (VSM) 2H A4 & FF
LR AGHEIES S

3 RBERSHH

AR Co/Ni 2 |2 JEEPMA K B 1 BF 78 %
WY JE R ) & A2 8OE] DA3R 1S AP O R R
1A R 4F PMA [ FF & Pt(2)/Co(0.2) /Ni(0.4)/
Co(0.2)/Pt(2) O, Sy 1 BFF 78 BF & 10 #A e 1, nof
FLIR K JE I B R M 2k AT 7l &, w1 (a) PR,

B 1 (b) e i 82 /% v BEL R J 71 70 B 38 K TR PE PR AR
6. AT LUF BURE 5 E 100 ©C 38 K 5 Bl L B R
FECRRFIOAR LT, B /R f BB R IR KIS A i B AR AN
%, B JGRE = T 100 °C I, A SR Ik,
B /R HL BHL A B 2 DR B R BEEARG, PT AZ R i R 3R
SEMEA SRR, 18 K IR I HRATE il K PMA.
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K1 (MTIER) (a) 1BKJE Pt(2)/Co(0.2)/Ni(0.4)/
Co(0.2)/ Pt(2) ME/RIFIZ (1 Oe = 79.5775 A/m); (b)
iR K JF Pt(2)/Co(0.2)/Ni(0.4) /Co(0.2) /Pt(2) M /R
REL K ST Ay
Fig. 1.
ture dependence of Hall loops for Pt(2)/Co(0.2)/
Ni(0.4)/ Co(0.2)/Pt(2); (b) annealing temperature
dependence of Ryn and Hce for Pt(2)/Co(0.2)/
Ni(0.4)/Co(0.2)/Pt(2).
N T 3RAG H 47 PMAYE BT Co/Ni £ JZ 5 ¢
i, 4% 7 — R P LA MgO /Pt NI Z HIFE i, XA
LA INAR S S AR /e )8 = Fhm, DU
T2 AL FY) PR RN IO R 93 i (Y PMA
. B2 (a) AR MgO(t)/Pt(2)/Co(0.2) /Ni(0.4)
/Co(0.2)/Pt(2) I /R it £, 7T LLE 2, 7E MgO Jik
JEIZEAL G R A, AT A A B R A AR
AR R R, HE R L OR £ (AR 8 47, ELRE f A 30 T
L3705 B 1 100%, B BIAF i BAT R 4F A9 PMA T4
i, &2 (b) AR R L R iy Bl MgO JiE 2 5
JE tago I A I 2k, 7T DA BIRE i )2 /K HLBEL Bl
% MgO I J5 FEAE — 52 FVE Bl N /NIE FZ e 3, vl

(color online) (a) Annealing tempera-
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MgO RIS FF i (88 /R L BE R i AN K, 31X A
NPENEAE, MgO W73t /E FIAR 85, Bt LLRE il 1)
BRI AR A R AN, W H & MgO
JRG 2 (R A S B KR B2 R 39, 24 MgO Ay
1 nm I, B G 57 B 50 4 Pt E A BT g I, wy
DI T PR 48 25 )2 ) 4 T8 2% 7 TR A5 o 11 12 e
T Mg, H T MgO JE R, &k
B A By B AN S 3 RS2 R, B2 MgO
JELJE (#0328 7 48 hn, MgO /Pt e 1H A8 15 5 8T8, —
JiTi, £ MgO AR Pt 5E 5 i R 4F i (111)
g0y, i 515 Co/Ni 2 JZ A (111) 2344, B AR
s (R T 7 TG S ;55— J7 TH MgO /Pt Fr1HI B &
MgO J& FZ (38 hn, 4545 51 1 H - B Il 52
RE S B A BE LG SR Al PR Z I TN R, T 3R
37 RIFM PMA M. 4 MgO JEEH 4 nm B, £
At 38 B 1 e K AH, B 21 P i I 15 0
T412.3 1%, HEEMRRE T ARFIFRIAE T RE, RE R
B R BB AN I MgO J& JZ I 1429 9%.

N TR B JZ NN MgO Xt # 5 3 TH A St
TP 8 BB 52, 43 0l KRR PE(2)/Co(0.2)/
Ni(0.4)/Co(0.2)/Pt(2) & # & MgO(t)/Pt(2)/Co
(0.2)/Ni(0.4)/Co(0.2)/Pt(2) #4T T AFM MK, 0
K3 . 225, FREZ 7079005 0.192 nm 10.115
nm, A WM 4 nm |8 MgO JEJZE &5, K& i B
TRE R, S5 R 7 THI AR A0 B i ) A R
AT R, XN 2 R g R AR AL e TR

Ft MgO /Pt S 1IN i B e 1 1 s e, Xt
FE i MgO(4)/ Pt(2)/ Co(0.2)/ Ni(0.4)/ Co(0.2)/
Pt(2) #A7 IR K AbHE.

0.5
0.4 | ()
0.3
0.2 )
)

] 0.1 b 3
<
E 0
£ _o01+ =0
y v -1
—0.2 r 1 —A-2
—0.3 F b -3
-4
—0.4 -5
—05 . . . . . . . .
—500 —300 —100 100 300 500
H/Oe
0.50 T T T
b -4 60
(b) S
0.45
450
o o
> 0.40F 40 %
£ T T
&
0.35 430
—=— Ryan
——H,
0.30 . . . . . . 20
0 1 2 3 4 5

tyngo/nm

B2 (T ¥ &) (a) MgO(t)/Pt(2)/Co(0.2) /Ni(0.4)/
Co(0.2)/ Pt(2) HIERHLZ; (b) MgO(t)/Pt(2)/Co(0.2)/
Ni(0.4)/Co(0.2)/ Pt(2) I /K HLFH K B /1

Fig. 2. (color online) (a) Hall loops of MgO(t)/Pt(2)/
Co(0.2)/ Ni(0.4)/ Co(0.2)/Pt(2); (b) Ruan and Hc of
MgO(t)/ Pt(2)/Co(0.2)/Ni(0.4)/ Co(0.2)/Pt(2).

Height Sensor 10.9 pm

—0 nm

Height Sensor 10.1 pm
no

B3 (MTEM) Co/Ni ZZEBI AFM B (a) Pt(2) J&)Z; (b) MgO(4)/Pt(2) J&)Z
Fig. 3. (color online) AFM of Co/Ni multilayers: (a) Pt(2) underlayer; (b) MgO(4)/Pt(2) underlayer.

B4 (a) N X B 5 MgO(4)/Pt(2)/Co(0.2)/
Ni(0.4)/Co(0.2) /Pt(2) 7E A [F] I B 38 K Ji5 45
(M /R Bl 26, 18] 4 (b) & FF i (12 /K Ha BH & S it /)

BE AN R IR TR BE R AR A i 2. W7 DU B, IR K
IR <200 °CH, FF 5 K [BI 4 (10 B AT R4 148
T RE, T Lo AR FF7E 100%, 1 B2 X AN BV
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BN, FERRRE T R AF 0 PMA R . B 5 1 5
71 b8 IR G I T s A R RO, 4R
KR JE R 200 °C, K I )3k B i KA, 2R
BRI 1.5 £ 2, HR A MgO JiKJZ I FF i 5 2
BR T 35152, XHIR KALAT 2 J2 B 5 1 A2 15
SO BAM A O, 1553 1R B 0 RE AT R K Af
5 5 T Ak 1 e 2 AT 21 2H i AR K I T R AR
KA BERE D (a) BRI g5 5w LA ST
FE i PMA T B8 32 7+ 2 ok 5 T+ MgO/Pt Fi 1.
FEmm42 200 °CIiB K Ja, B /R BB RIB KREH
296% Mk /). BE AR JOR 4k ST, REA T
PMA BVE A, 43R KR BE R 400 °C R, FE 2k
227 PMA PR, X A vy 1R KR i 2 2 i
Co/Ni S E & MA K, FEMKE TR
N, SE PMA HI7H 2%,
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B4  (MTIEM) (a) i kG MgO(4)/Pt(2)/Co(0.2)/
Ni(0.4)/ Co(0.2)/ Pt(2) WIE /KL (b) B K
MgO(4)/ Pt(2)/Co(0.2)/ Ni(0.4)/ Co(0.2)/Pt(2) KIE
IR B BE B iy

Fig. 4.
ture dependence of Hall loops for MgO(4)/Pt(2)/
Co(0.2)/Ni(0.4)/ Co(0.2)/Pt(2); (b) annealing
temperature dependence of Ry.y and He for
MgO(4)/Pt(2)/ Co(0.2)/ Ni(0.4)/Co(0.2)/Pt(2).

Wi VE 2 2 B () A8 RO 25 7] 5 P K o 3295 38
R

(color online) (a) Annealing tempera-

Keff = Kv + 2I(s/tv (2)

W K F K R 2 A B T 4% 1) 1, ¢
et 2 R P — okl TR RN K, <
0, T FETH A& H SV Ko > 0, Koge AR 1) FPE A7
T % 7] P TE G S R, 457 Kege > 0, W EA
PMA F#-1E. & 5 3%~ A7 BETH I #3200 °C 3Bk
Ji MgO(4)/Pt(2)/Co(0.2)/Ni(0.4) /Co(0.2) /Pt(2)
VA —10 5 O RE#E [F1 28, W DL H, s e] 28 i
JR s, WAL AR T 1.0 x 10* Oe, B 4% i A
M MERRRAE. 23 TH 5, FE R Ko N 8.2 x 106
erg/cm?®, LA Pt K)E Co/Ni Z 2B N T 15%.
£ Co/Ni Z 2RI MgO JRJZ, AR MU FE 5
Fg 2 (0 JEE 2, T RE B B PMA B0 A B K 1 o
A WL T MgO/Pt LI A7 75, #8587 Co/Ni %
J2 R ) ST A% 1) SR R e, A IS R R IR Ak
MgO/Pt LT I F/E FH BB &2, AR I T R
U1 PMA P57 .
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Fig. 5. Normalized hysteresis loops of MgO(4)/
Pt(2)/Co(0.2)/Ni(0.4)/Co(0.2)/Pt(2) annealing at
200 °C with field applied in plane.

4 %

JERE X PL Pt AR JZ ) Co/Ni 2 2 JE A in N4
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N Py JE TR s2 00, 145 Pt Re % RIS AT 1
(111) Z3#y, MM 51 5 Co/Ni % 2 1 (111) 2144,
A HMAEZ ZEP N T %% )2/ 4 )8 2 5,
FIH MgO /Pt ST ) L~ BRI ECR Sk 38 5845 5 1
PMA PEJ. 8 i A R KOS W R R BIF 9E B0,
B4l Pt R R R E R, TTINTE 2 R
MgO HIFE i v] fR 47— B AT e 1 e Z&lid 7
Co/Ni % JZ & v in X MgO /Pt 5t T 3384718 K Ak
HFES I PMA B3] 7R S, thAhe 7t —
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Abstract

Co/Ni multilayers with Pt and MgO/Pt underlayer have been grown by means of magnetron sputtering and the
perpendicular magnetic anisotropy (PMA) of the samples is studied using anomalous Hall effect (AHE). The Co/Ni
multilayer has to be thermally stable to stabilize the PMA, which is studied by annealing treatment. In early researches
of Co/Ni multilayes, the optimum sample with Pt underlayer was obtained as Pt(2 nm)/Co(0.2 nm)/Ni(0.4 nm)/Co(0.2
nm)/Pt(2 nm) with PMA in good performance. Thermal stability of the sample is studied in this paper by the Hall loop
measurement of it after annealing. Results show that the remanence ratio and rectangular degree of the sample are kept
well and the Hall resistance (Ruan) has little change at the annealing temperature of 100 °C. As the annealing temperature
rising above 100 °C, the PMA of Pt(2 nm)/Co(0.2 nm)/Ni(0.4 nm)/Co(0.2 nm)/Pt(2 nm) becomes weakened. Its
coercivity (Hc) decreases rapidly and Ruan reduces greatly. So the thermal stability of Pt(2 nm)/Co(0.2 nm)/Ni(0.4
nm)/Co(0.2 nm)/Pt(2 nm) will be poor and the PMA cannot be enhanced by annealing treatment. A series of samples
with MgO/Pt underlayer are prepared with the thickness of Pt being fixed at 2 nm and that of MgO ranging from 1 to
5 nm. Thus the interface between amorphous insulation layer and metal layer is added to be used to enhance the PMA
of the sample for the strong electron additive scattering. Magnetization reversal can be very rapid and the rectangular
degree is kept very well, and furthermore, the remanence ratio of the samples can reach 100% so they all show good
PMA.

The H. increases with increasing MgO underlayer and reaches the maximum value as the MgO thickness arrives at
4 nm, and the H. of the sample MgO(4 nm)/Pt(2 nm)/Co(0.2 nm)/Ni(0.4 nm)/Co(0.2 nm)/Pt(2 nm) is 2.3 times that
of Pt(2 nm)/Co(0.2 nm)/Ni(0.4 nm)/Co(0.2 nm)/Pt(2 nm), the Ruan is up to 9% correspondingly. The roughnesses of
Pt(2 nm)/Co(0.2 nm)/ Ni(0.4 nm)/Co(0.2 nm)/Pt(2 nm) and MgO(4 nm)/Pt(2 nm)/Co(0.2 nm) /Ni(0.4 nm)/Co(0.2
nm)/Pt(2 nm) are 0.192 nm and 0.115 nm respectively, as tested by AFM. Result shows that the roughness of the
Co/Ni multilayer is greatly reduced so the PMA of the Co/Ni multilayer is enhanced remarkably after the addition
of 4 nm MgO. The thermal stability of MgO(4 nm)/Pt(2 nm)/Co(0.2 nm)/Ni(0.4 nm)/Co(0.2 nm)/Pt(2 nm) is also
studied. When the annealing temperature rises up to 200 °C, the H. reaches its maximum value i.e. 1.5 times that of
the sample without MgO, and it is 3.5 times that of the sample with Pt underlayer only. This sample also show good
thermal stability. Higher temperatures will result in intermixing of Co and Ni and diminish the PMA. After annealing
at 400 °C, the easy axis of the sample becomes in-plane. The anisotropy constant Keg of MgO(4 nm)/Pt(2 nm)/Co(0.2
nm)/Ni(0.4 nm)/Co(0.2 nm)/Pt(2 nm) is 8.2 x 10° erg/cm?®, and it has an increase of 15% in Pt(2 nm)/Co(0.2 nm)/
Ni(0.4 nm)/Co(0.2 nm)/Pt(2 nm), which shows that the sample has an excellent PMA.
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