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MM EE CoFeB/NifNEE ML S MR

EigRDD T BmY FxEaYV geragld) xmb  Fo42
1) (b3 TR P, dbal  102488)
2) (AR R A IR 5 TR 208, dbat 100083)

(2016 4E 6 3 6 Hig#; 2016 49 7 13 QUL RME R )

I P BG4 TS AE BRI L) 4% T BA Pt A Z [ CoFeB/Ni £ JZ B G5 FRE S, S0 1L IR B i S
IRRR LT 5t % 2 FEL (1) 3 BB %% 170 57 7% (perpendicular magnetic anisotropy, PMA), i 50 % J2 I8 5 B # % 4]
SVERI S RIZAT 7S SRIRE IR, 2 2R L 2 5 2 6 5L R R SOG4 s
IR RN AT SR @ X RE S S BN IR TR, AR T B R I PMA /) CoFeB/Ni £ )2 I fx
HEFE AL Pt(4)/[CoFeB(0.4) /Ni(0.3))s /Pt (1.0). ZRMNKTT5, 1288 1 % 1) 5 4L Ko M 2.2 x 10° erg/cm®
(1 erg/cm® = 107" J/m?), HAT RUFHH PMA A, £FSEEREN 7.1 nm, 58403 2L 6l % 3 ELRESS AR

JEREER, Wt BRI S AE A BB A R

K#IA): CoFeB/Ni % |2/, 3 FLHL 71 571k, B B /RN, % 1) 7 14 4L

PACS: 75.70.-, 75.30.Gw, 75.47.—m

1 5 =

e HL WL AN K g5 K bR B T L RE R R
FEORE OB T B, MR % 2 H MR ) R
(perpendicular magnetic anisotropy, PMA), X7t
H gl 207 A A EEN N, WS RnEE
AT DA 10 53 R 0 B /N AT 472 1o A i 25 B2, 3 ] A4
fiti ¥ £ B A m AR M IR M A ERE L (RS N
MR, R ZIEMEHE B4 5 NS /74 &
K P R R M S50 i Do) Jfd FL 7 5 die
A AU 73 (R R B 3 AE 55 2 A e
AAEBEMEZENH B SOy aEk B e T %77
TR T R

XF PMA M BB 58 £ SR E M L 4
JE IR L, Bl 2 ARG 2 2 IR I A R K A 4
[Co/(Pt, Pd)] il [Fe/(Pt, Pd)] ), L1, & FF & &3
i 17V 45 X MU R 520 o S A B I 22 J2 IR R A
b FER A M Z BRI H, CoFeB T A&
5 R e AR AR 3R T A2 B ORI, AR ) £ e ME RE RERE
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T8 45 . 3 LA 5 45 T T ) A A A AN 2D A SR AT
FRR -1 Jung 25 M B T CoFeB/Pd £ 2
B PMA, &3 CoFeB [1) & FE 1] 1A 2 nm; 1] Fow-
ley % 21 58 R M, 24 CoFeB J& B i i i 4 RE 1E
CoFeB/Pd £ JZ i o WL 52 135 B 11 PMA HL & X1
45 18] B9 7 CoFeB/Pt £ 2 PMA, A A4
Z JZ ik CoFeB B E N 0.5 nm AR, #HfA 2
H A BRI PMA RRE. {HZ X T CoFeB/Ni % JZ
R F) PMA T FEIE R DLARGE .

SR HE IR BN (anomalous Hall effect, AHE)
FERIEM A RBRAS K B TR, A2 E 1
PMA IR 5 77 T %5 =22 14160 AHE 194
HEACUR A N B ALEE TR b 2L EE D8 -230 ) Fodh
PR T BAR S AR RE AR, 1 AP BB AR T
BHEHMEZR 51 BREE T HUR, EPTALEEAA A
BT HRPUER G 2 AHE AN FEFEK. E
IREBEEE p,,, 54NN B 12 &30k 24

Pry = R,B + 4T[RSML7 (1)
K Ry NIEH B IR BN R EL, Ry N RH B IR

* [ERKBARAIG (HHES: 11174020) AL LRRFERTE BN IS (HHES: QNJIJ2016-18) BB IRE.
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R, SCH B RN L IE B IR N K — MR K
LA, T pgy, IE G4 S AR 1) 2 B 4% & 1291 AT LA
TR I ) A 0 U PR B 2R B A N R 3 B A% Ak %
F SR TR PE LY PMA.

AR SR 45 W A 05 1 %% T & 51 CoFeB/Ni
2 7 J, A R i BH R AR PMA 1
JREAT RGN TE. W& R, R Y PR
2. A WE T CoFeB 5 Ni [ & 5 . £ J2 I8 5 191 %
BEAT R, DA B SR IR R I PMA M5 (1
CoFeB/Ni £ JZ IR .

T A7 R it SR FH R 428 I SRV AE 3 R b o
&K, LI RE Y B H B ThRe, TAERS
RS DL1LT v/s BT B e, DRAIE TR I T
I, RERRAETEMN T 2.0 x 107° Pa,
e 5 IS 18 AR AR 2 4 0 99.999% 1 Ar <, T
ESEN0.5 Pa. BEAF (19 5 2 26 B Dektak150
B G B AC E, 258 Pt, 0.075 nm/s; CoFeB,
0.018 nm/s; Ni, 0.042 nm/s. F 1 Pt 5 Ni# i
B H YR M, CoFeB #E B4 1 4 4l H Y5 42 #%,
CoFeB [t Ji T L 40 : 40 : 20. 1 6§51
FridE, A A AR S nm £oR. FE
it N Pt(tpy) /[CoFeB(tcoren ) /Ni(tni)]n/Pt(1.0),
HA K Z Pt tpy B ZTEE N 225 nm, J&
)2 v CoFeB JZ J5 £ tooren HIAZ AL 5 A 0.2 5
1.0 nm, NiJZ & tn; 224076 FEI A 0.2 31 0.6 nm,
S n TSR 1 2] 5, Fra A 1 nm JE Pt
i fRer E BT 1R AL,

W] £ 4 FORE A ) R/ 9 8 mm x 15 mm ()
FEE, FUUGR B & L /R M 28, SRIRIOLE R
B[ (Hall resistance, Ryan) X HFmil 71 (coercivity,
He), MR )43 77 e 2 BT R F a1
Tty ol 2 b [H R 9K B O S B MM R 4
(PPMS) R ENFE a5 T (VSM) il &

3 SEB4 R

) 2% FF i I 6 7R FF 5O Z DT 4 nm 5
PtJZ, MR IOy 2, REERE S RCA
PSRN VA D Ul U~ S S R R =
Pt(4)/[CoFeB(tcoren)/Ni(0.3)]2/Pt(1.0) FIFE /K i
2. MWK TR RLE H, #4858 R 2B % CoFeB

JE B B B AR 1 AR AL, 24 CoFeB & % 5 0.2 nm i,
HT R AESE, 6 RA TR PMA R, 4
CoFeB JE 1125 0.4 nm I, 557 fefd, WHH T
B RE B B BT B PMA PR fE. 24 CoFeB & &
Ak 2238 ek, FH R RGN %, 4 CoFeB B JE
B2 1.0 nm B, FEREAKRE T PMAMR. X
H1 CoFeB J& B A8 A I X RE fiy FL T A2 A6 8. 24
CoFeB Z XN, T 2 EAELL, FHAEM, A
RE JE F A AP i T 0082 T A i L 4% PMLA 1 RE;
2 CoFeB JE 1 %5 0.4 nm It}, CoFeB/Ni R 1
TS, S A ) R O S 4 S S, A
DIFESA T B H PMA P88, 24 CoFeB )22 1E
LK, 2 H S5 A b PR ST 1) S, AT S T A
mn I PMAL AR B 1 sRaegh IR, #fE 2 2 IRRE i
77 CoFeB JEZ 5 0.4 nm.

Ryan/Q

1 1 1 1 1 1 1 1
—800 —400 0 400 800
H/Oe

1 (MTIEM) Pt(4)/[CoFeB(tcoren)/Ni(0.3)]2/Pt(1.0)
ME/RINZ (1 Oe = 79.5775 A/m)

Fig. 1. (color online) Hall loops of Pt(4)/[CoFeB
(tcoren)/Ni(0.3)]2/Pt(1.0) (1 Oe = 79.5775 A/m).

K2 (a) BT 75 D9 U # i Pt(4) /[CoFeB(0.4) /
Ni(tni)]2/Pt(1.0) 77 Ni JZ B FE I FE 508 /R il 2%,
B 2 (b) Jhyoxof SR ot PR B2 J1% L BELAT 7 it g 1) A2 Ak
Zk. WK 2 (a) 7T UE H, 7E NiJZ B AR I 72
BRI BEARIR 4, UL RAAE Ni = B A et
FEr, B S B PMA CREF I ELEF. 7ER 2 (b) Hh, #
st (142 /) FLRELBE 5 N 2 T 2 1 B N 4R 3 ek /), 3
2 R T N8 T 18 00 ERD 4 Y 28R LR ot s
B RSB TTRREE KR, BT LARE i s BB /R FEBEL At 2
BEAIG; TRyt B — s 8D, (AL AN K.
EARRE NI KRN 0.3 nm i, £F 5 102 K il
LRFETYREAR L, HAE/RHEEE K, T Z RS2
JE R, B R E S Ni 2R 0.3 nm.
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Fig. 2. (color online) (a) Hall loops of Pt(4)/[CoFeB(0.4)/Ni(tni)]2/Pt(1.0); (b) Rpgan and Hc of

Pt(4)/[CoFeB(0.4)/Ni(txi)]2/Pt(1.0).
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(MFE ) (a) Pt(4)/[CoFeB(0.4)/Ni(0.3)], /Pt(1.0) B /Rl %; (b) Pt(4)/[CoFeB(0.4)/Ni(0.3)]n/

Fig. 3. (color online) (a) Hall loops of Pt(4)/[CoFeB (0.4)/Ni(0.3)]/Pt(1.0); (b) Ruan and Hc of Pt(4)/

[CoFeB(0.4) /Ni(0.3)]n /Pt(1.0).

H M 22 2 IS PMIA P R, =8 2R R T S T
Ak B RE A VR, RSB0 B 2> 19 hn 5B £ i
I, 2R R RS S E RS, AT
AR A i PMA TERE, BT L2 J2 I 1 ) ) H00] #
dn 1 PMA A & EZ M. 83 (a) FTs g
B i Pt(4)/[CoFeB(0.4) /Ni(0.3)],, /Pt(1.0) J& 31 %
n I R IHZR, &3 (b) skt BEAE i (18 /K Fi LN
By AR A£G, AT LR B, n B AR AL R
PMA 50014 B, n 2 TS, AT LAULSE 3 FF
At PMA, B0 FEE R F BEARAR /), 3R ST
ISR A G BB RG22, R
(R3PS AR I, I 2 R D L AN 22 22 R 5 T A
R, HARMON SRR, MEALIS RPN — BB, 1
24 F JT R Ak 45 38 0 B 4 A 5 5 BE IR TR B BRI,
PMA PEREIRES, 1X & KO A IR — e # e, i
J%% 25 SRRSO AR, 2 R e 77 2R 4 Wh 3
IR I 2 WS, BT DARE i B FE T B AR, T AL,

BEH4 CoFeB/Ni £ ) i B T BLREGK 454 v,
R EH n & T 3 R EE.

PR ZHEEXN Z ZBEK (111 R EE
B, T (111) 238 [ B 2 e 2 2
I PMA RO B4 (a) BT 28 0 B 28 FE &b Pt(tpy)/
[CoFeB(0.4)/Ni(0.3)]3/Pt(1.0) # Pt Ji& /2 JE JE i
an I /R 2R, B4 () st AR i (1 8 JK Fe BELAN
I G 22, A4 (a) FTLAE B, 4Pt A
2 nm A FE L D4 B4 T PMA BHE, {H i T B 5
JEEAE, BT DR S IR /. B3 Pt R EE )
B, BRI T R AT A PMA RHE, BT AR JE (1
Pt 2 A3 FE 5 1 (111) SR 3G 5, AT A5 4 b
FEFE LB T 100%. 15 Pt 2 B8R Rk fE v, #f
sl PR B2 R P B R A, X R IAPt A S R R T
A, A2 5B PR B0 20 TR A S S N 3 B0kE
sty FELPEL B ATG 17045 o 7 007 B Pt J5E P52 ) 9 e A
AR, FRE, XA RO AR R Pt R G5
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Fig. 4. (color online) (a) Hall loops of Pt(¢py)/[CoFeB(0.4)/Ni(0.3)]3/Pt(1.0); (b) Rpan and Hc of

Pt(tpy)/[CoFeB(0.4)/Ni(0.3)]3/Pt(1.0).

ot “‘“M Ry

d
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=
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Fig. 5. (a) Normalized hysteresis loops of Pt(4)/[CoFeB(0.4)/Ni(0.3)]3/Pt(1.0) with field applied perpen-
dicularly to the plane; (b) normalized hysteresis loops of Pt(4)/[CoFeB(0.4)/Ni(0.3)]3/Pt(1.0) with field

applied in plane.

TR (111) Mg ). B2 (a) FTE H, 2
Pt JE RN 4 nm I, 6 EE /K FBEI /N, (HFETE
WhF, MUV BONE H, &%, g mEr 2205
FEf A Pt(4) /[CoFeB(0.4) /Ni(0.3)]5/Pt(1.0).
TG PR PMEA AT DL AT 2800 % ) 5 1 e
kefire, HARBEAWT:
Ko = Ky + 2K /t, (2)

Hodh K, F KON 2 2 I8 w1 = 1 A Je 5 T 2%
) 5 1t HAR K/N S8R AR, Sk 85 7 &
FPERL 755 T H A R tNFE S R R R R
FE BT S R R PR, — AR
K, <0, T Ky > 0, Kegp A2 7 AR ) 7 4% 5057
0% ) P SE S 45 IR, B Koge > 0, T 38 JBE 55
H 25 PMAFFAE. Ko 7T 73 790 38 3 W0 HS A i 1)
877 )5 5y BT 1) R E] B R JE 1R AT AR o A ER A
B 5 (a) N 24 W37 5 R T R T A9 AR

it Pt(4) /[CoFeB(0.4) /Ni(0.3)]3/Pt(1.0) JH—4bJ5
1) s 1el 2, B 5 (b) 24 137 J7 1) 1 A7 5 T I
15 B 5 Pt(4) /[CoFeB(0.4) /Ni(0.3)]3/Pt(1.0) I
— Ak B R 2. 7R 5 (a) H, BT BLE IR
HA& BT PMA YERE, Brmi) iR/ S AHE V&
AR — 50 £ 5 (b) B S AR th 2 a7
M, WRIREIZ) IR BT 6000 Oe, 1 A ML 78 fr 3 iy 5
fE. it 5, BRI Ko N 2.2 x 10° erg/cm3, X
WYL T il (0 S % [ S PEAR R, SEAR R L R
P R UF I PMA PR

4 % B
A 318 % LA Pt N iR Z ) CoFeB/Ni 2 =

B % 2 B HEAT P ), B A RAS T B fE R
Pt(4)/[CoFeB(0.4) /Ni(0.3)]3/Pt(1.0), % H iz ¥
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Abstract

The CoFeB/Ni multilayers with Pt underlayer are prepared by magnetron sputtering technique and the perpen-
dicular magnetic anisotropy (PMA) of each of the samples is studied by anomalous Hall effect (AHE) method. The
PMA of CoFeB/Ni multilayer is dependent on the thickness of Pt, Co, CoFeB and the number of CoFeB/Ni bilayers
strongly. It is found that the sample structured as Pt(4)/[CoFeB(tcorer)/Ni(0.3)]2/Pt(1.0) has a good PMA when the
CoFeB thickness is 0.4 nm for the interface anisotropy dominated in the multilayer. So the CoFeB thickness is fixed
at 0.4 nm. The effect of Ni thickness on multilayer PMA is also studied. The PMA of the sample is kept relatively
well and the Hall resistance (Ruan) decreases as the Ni thickness increases. Meanwhile the coercivity (Hc) fluctuates
in a small range. When the Ni thickness is 0.3 nm, the remanence squareness of the sample is very good and the Hall
effect is strongest. The influence of period number n on the sample PMA is significant for it changes the interface of
the sample. When n is 3, the sample has a very good remanence squareness, for the interface effect is obvious and the
magnetization reversal process is consistent. The Pt underlayer shows a great effect on the PMA performance of the
sample, for it can change the (111) texture of the multilayer. The results show that when the Pt thickness is 4 nm,
the remanence squareness is good and the sample has a suitable Hc. So the optimum CoFeB/Ni multilayer with an
excellent performance of PMA is structured as Pt(4)/[CoFeB(0.4)/Ni(0.3)]3/Pt(1.0). Its anisotropy constant K is
2.2 x 10° erg/cm?® (1 erg/cm® = 10™" J/m®) which indicates that the sample has an excellent PMA and its interface
anisotropy is the main reason for making the K¢ have a larger value. The magnetic layer thickness of the optimum
sample is 2.1 nm and the total thickness of it is less than 8 nm. The integration with device can be studied further.
Furthermore, Hc of the CoFeB/Ni multilayer is relatively small and can be increased by inserting the oxidation layer or

other ways.

Keywords: CoFeB/Ni multilayers, perpendicular magnetic anisotropy, anomalous Hall effect, anisotropy

constant
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