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Abstract

Permalloy (NigoFe,() exhibits excellent soft magnetic properties, including high permeability, high
saturation magnetization, and low coercivity, making it widely applied in fields such as power elec-
tronics, precision measurement and sensing, and spintronic devices. In this work, Pt-doped Ptx-
(NisoFez0)1-x thin films were fabricated using magnetron sputtering technique. The effects of Pt dop-
ing concentrations on the crystal structure, static and dynamic magnetic properties of the Permal-
loy films were systematically investigated using X-ray diffraction (XRD), vibrating sample magne-
tometry (VSM), and ferromagnetic resonance (FMR) techniques. It was found that the introduction
of Ptreduces the saturation magnetization M; of the Permalloy films while effectively enhancing the

perpendicular magnetic anisotropy field H ,f and the Gilbert damping constant a. Notably, « in-

creases significantly from 0.0079 in the undoped sample to 0.015 at a doping concentration of 13.4%,
corresponding to an increase of 83.97%. The demonstrated results indicate that the incorporation
of Pt significantly enhances the spin-orbit coupling effect in Permalloy films, which holds promise
for advancing their applications in magnetic sensors and spintronic devices.
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Figure 1. Schematic diagram of the symmetrical placement of the sputtering ring area of the Pt disc on the NisoFezo alloy target

1. Pt B 7E NisoFexo & &¥8_EBS BIF XEHFRZ M R B E

XTI A3 BN Si(Si02)/Pte-(NisoFeao) /Al I EAE i3k AT R GU 4516 S REVERERAE . 1 SE X FE i idb AT
CER Y AL, FH BE R B X 5 2% 1% (Energy Dispersive Spectrometer, EDS) il 7G 2 4347 B 43 b A il
ST, FIH X SHRATHHMN (X-ray diffraction, XRD, Bruker D8 Discover)Hfi 5& 5 it T f 4 45 #4) K 21 il A8
ko FI R BhAE S E5E 11 (Vibrating Sample Magnetometer, VSM, Lake Shore 7404-S) [ 13]130FE i 5 25 1
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Figure 2. (a) Surface morphology, (b) EDS layered image, (c) Pt elemental distribution map, and (d) overall EDS spectrum of
the Pte2-(NisoFe20)o3.s thin film sample
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Figure 3. (a) X-ray diffraction patterns of the Py thin films with different doping contents, (b) the dependences of lattice
constant and doping content of the Py thin films on the diffraction angles
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DOI: 10.12677/ms.2026.164079 121 PR R


https://doi.org/10.12677/ms.2026.164079

wHWA %

A XS ERAT A (XRD) A P 75 21 B R SR fh 3 AT S5 AR AE . WA 3(a) s, RPIE B 2
B NisoFezo 103777 FU S (LT D)FEACHA, R RET T RAF g da . HEE Pt S RMBA, (11DAT
O 0 R GEPEI FURATI A A, X AMmAZ R, KRR PR T A T Py W AR ALE, Sl
T R A BB K ] 3(b), ARFEATRLME T RE[ 1617 FEAT B S A BUE AR IESE T IX

#).5“:
2dsin€ = nA (D
Horp, d N RIEE, n ARTHRBCEFI 1), A8 X WERBEK, ALK Cu ¥ X FLHEKN
1.5406 A
@ o) 720 3.05
800 | —m—X, =0 -
—0— X, =6.2% ] , 4 3.00
—A—Xp, =7.4% 700 AN 4
—v— X, =12.7% . - 42.95
400 N .
—— X, =13.4% — S , 290
- L ’ 1=
E E 680 N . y =
ER E N ’ {285 S
E £ o 3
S < 660 | -,/ 2.80
: ; /«\ 1~
e ~
-400 om = 4275
640 | -7 N .
-7 pNS 4270
-800 | = B
620 1 1 : 1 2.65
-5000 0 5000 0 4 8 12
H(O¢) Xpt (%)

Figure 4. Ptx-(NisoFe20)1 film samples with different doping contents: (a) hysteresis circuit, (b) dependence of saturated mag-
netization on the doping contents
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Figure 6. Pt:-(NisoFe20)1-+ film samples with different doping contents: (a) Correlation between frequency f of line width AH,
(b) The dependences of resonance fields Hres on the microwave frequencies for the Pty-(NisoFe20)1-» thin films, (¢) Dependence
of line width on the Pt doping contents at 8 GHz, and (d) Dependence of Pt doping content on the resonance fields at 8 GHz
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Table 1. Magnetic parameters of Ptx-(NisoFe20)1-v thin film samples under different doping contents

1. FEHEHREET Pt-(NisoFex) 1 BEMHRBINEX#EFSH

Pt 52 5(%) 0 6.2% 9.4% 12.7% 13.4%
H, (Oe) 7.2 31.0 36.3 39.4 403
4zM,, (G) 8775 7893 7649 7409 7375
AH, (Oe) 8.244 5.198 3.332 2.307 1.825

wiE 7 s, ARAE A INE 19 B A AR IE 47 M, B Pt B & BB IZHT N, AL
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WO LR 7.2 Oe 9 KB K578 & & 13.4%5%F M) 40.3 Oe.
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Figure 7. Pt--(NisoFe20)1» film samples with different doping contents: (a) the dependence of the fitted 47M , and H, -

values on the doping concentrations (b) the functional relationship between Gilbert damping extracted from FMR measure-
ments and the doping contents
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