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Fig. 1. N emission spectra (a) and the area ratio and peak

intensity of N atom peaks at different N, fluxes (b).
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> ke
> Seen+ Y Ske ’
Horp ) w R FeyN Mt i, S8 XRD Hfi i IgmFL.
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(1)

er3N =

JR 7 g, AR FegN AH % 2 dwe e, Tk 3
29%.
5 * FesN
==~
. e &) & Fe ,g
2 a2 ]
E S ¢ -
X ¢ 15 sccm
-% M ‘ b . Aww
E \ \ 13 sccm h
.5 1y Ay Lo A
=
B 10 sccm N
=
_‘L}'Fe 0 s
" » 0 scem m
40 50 60 70
20/(°)

Bl 2 ORI N, it T Y Fe-Fe,N il XRD [l ii%
Fig. 2. XRD patterns of Fe-FesN thin films under different

N, flow rates.
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Fig. 3. N 1s (a) and Fe 2py;, (b) XPS fine spectra, Fe—N bond and Fe—Fe bond content ratio (c) of Fe-FesN films under different

N, flow rates.
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1 EDS Al 25 50 16.23%, BRiE 545
— 3 X UL T REAAAER S Fe 4561 N &
¥, (R E BN, AN, RAERTEIES A, M5
N 5 A 4 A TR B % 1T AU T 2, X i
W R RN Fe Ji 15 N R FRIFHZE S R T
FesN M, 5225 Rw 4.
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| I
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Element 0 sccm 15 sccm

600
g Fe  100% 83.77%
B N 0%  16.23%
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Fig. 4. Phase diagram of Fe-N system in 0 sccm film and 15
scem film* and percentage of Fe and N atoms.

FIH SEM #1 AFM R AE T A [/ N, Ui &t 1Y
Fe-Fe;N MR METEH, 45 R WKl 5 Fos. AR
T 347 P BRIE Uk 4L AR (EJ2, &l 5(a) Al me
WEA A BE ) Fe R R4, 1 N JEFRI5IA
el A5 8 AR 1T SR AR 1 1 LB R0 )N, B mR

(@)

500'nm ©

500 nm

i, VLBARTE RAER Fe 5 N T 4565 IF
Fe,N SR REY L. FIRGE S AFM MK 1Y%
THHLAE B2 B N3 1 R MR A A 28 2R )
1, RS IR S Y 1 ER BERIURE I N Fe ROZRAE.
WeAh, BEA N2 i A 3SR, SR T 5 fn 4y
SR, BUREROR. it AFM RAEAE] N, Ji &
PR YL 5 = 24 2 A5 R i LB R, 5 R AN 5 4
BT 7 . 8 b ) R TRLRS 2 i 4T 523, 0 scem,
10 sccm, 13 scem Al 15 scem 78 R A8 AL RS 752 43 531l
~2.81 nm =+ 0.3 nm, 1.88 nm 4 0.2 nm, 1.15 nm 4
0.11 nm A1 1.05 nm + 0.15 nm. A5, N &
TR 5 AT LU Fe v 5 AY 3% T LR B2 [ I
62.6%, HJF & FesN AHAY™ 4= 2L Fe fA 5 it
R, JE 1S Fe F1 FeyN AR ] Y AL 1H 4544 7]
FINERAEG, GRS Z Rl 118, X2 A
N, BEE N SHEAER, Fe,N SRR, H Fe;N
= QLT VAN I 5 N 5 1 AN I 5 T
AR A R R b iy e S 4 g, BUR 5.
TR A R BSOS AR AL, DT R
BAR, Mo W Sk i 5 i, R RS BE R
fiX, 5 AFM 25 MW & BLAk, BiE N 7 &
A R, R TR MRS 2 B M AR, LA R 25 2R R,
KM RF P L MG L0755 I N R4
FMIEA, ] & R TP HE 1Y Fe-FeaN .
WYL T Fe Wil HIAGE 58 1Y FesN Al U347
TE R AT SIS, FRARSR TG

Sy = 1.88 nm

500 nm

B 5 ASIE N, fii st N Fe-FegN # i A) SEM F HIE SR A AFM =484 E () 0 scem; (b) 10 scem; (c) 13 scem; (d) 15 scem
Fig. 5. SEM and AFM 3 D morphologies of Fe-Fe;N films under different N, flow rates: (a) 0 sccm; (b) 10 scem; (c) 13 scem;

(d) 15 scem.
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Abstract

Microelectronic devices have a wide range of application prospects. In order to make microelectronic devices
that have excellent high-frequency characteristics, developing of soft magnetic films with high saturation
magnetization, low coercivity and high resistivity becomes the key to the research. In this work, Fe-FesN soft
magnetic films with different numbers of N atoms are prepared by radio-frequency atomic source assisted
vacuum thermal evaporation. Among them, the RF atom source provides N atoms with higher chemical activity
than N molecules, which reduces the formation energy between Fe atoms and N atoms. The vacuum thermal
evaporation is beneficial to accurately controlling the growth rate, impurity concentration and composition ratio
of multiple compounds of the film at the atomic level. The combination of the two Fe aom and N atom is easier
to form nitrides with Fe atoms. Thus in this way the Fe-N films with stable structure are obtained. In the
prepared Fe-Fe3N soft magnetic film, the introduction of N atoms makes the surface of the film more uniform,
resulting in the increase of density. Compared with Fe, surface roughness is reduced by two times, and the
crystallinity is obviously enhanced. Owing to the high saturation magnetization, the content of FesN phase is
increased by 29% and the (102) orientation of Fe;N increases to 0.64. Therefore the directionality of the
magnetic moment arrangement is improved. Comparing with Fe film, the saturation magnetization of the film is
increased by 55.2%, reaching 1705.6 emu/cm?®. In addition, with the increase of the (102) orientation of Fe;N, a
large number of lattice mismatches are produced, which impedes the growth of Fe and Fe;N grains and reduces
the grain size and anisotropy of the film. Thus the coercivity of the film decreases. The coercivity (50.3 Oe) is
68.6% lower than that of the Fe film. At the same time, the larger lattice mismatch results in the increase of
heterointerface, which promotes the carrier scattering and increases the resistivity of Fe-FesN thin film. The
resistivity (8.80 pQ:m) of Fe-Fe;N thin film is 7 times higher than that of Fe thin film. Therefore, this research
provides a new method for studying and developing soft magnetic films with high saturation magnetization, low
coercivity and high resistivity.

Keywords: magnetic film, Fe-Fe;N, vacuum thermal evaporation, radio frequency atomic source
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