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Fe-N thin films are prepared on MgO(001) single-crystal substrates at temperatures ranging from room
temperature to 600 °C by varying the ratio of N2 partial to total pressure in sputtering from 0 to 5%. The effects of
substrate temperature and Ns partial pressure ratio on the formation of y' phase (sc-based L'1 phase) are systematically
investigated. Epitaxial a phase (bcc-based A2 phase) is formed in the films prepared by sputtering in pure Ar gas for
all the investigated temperatures. On the other hand, the structure is delicately influenced by the substrate
temperature when the films are prepared in Ar-N2 mixture gases. Epitaxial films are obtained at temperatures higher
than 300 °C, whereas the films prepared at temperatures lower than 200 °C involve poly-crystals. When the N2 partial
pressure ratio is 2.5%, the films prepared at temperatures ranging between 200 and 400 °C consist of a mixture of o
and y' phases and the volume fraction of y' phase decreases with increasing the substrate temperature. When the N2
partial pressure ratio is 5%, y’ single-crystal films are obtained at temperatures ranging from 300 to 400 °C. The N
site ordering parameter slightly increases as the substrate temperature increases from 200 to 400 °C. The films
prepared at temperatures higher than 500 °C in the N2 partial pressure ratios of 2.5 and 5% primarily consist of o
phase. The present study has shown that high substrate temperature prevents the formation of y' phase and
employment of a moderate substrate temperature around 300—400 °C is suitable to obtain a y’ single-crystal film.

Keywords: y'-FesN, thin film, reactive sputtering, epitaxial growth

1. FC&HIZ Fe-N Tt 2D )L 7 BOEHRER VEBIBRT 5 &,
Y ORMIEITP S (19.3~20.0 at. %), HHEG /L7 4
E{LER (Fe-N) I, BRMBREMOWME SMEFH a3 2 L3RS IRV, £, yHROBA
PERIO S V-0, BRI OBMERES 270, £72, B 2 am L o, BT 52 LT, ALV RERSZ &I
MCEAEY NB=) X S ANDBHERRC, s 20, SRR E AT LES. £ 0,
BRE ST g 19720, Bricy FeaN ML, BEMAOTERIS  pamms = vy o o v VRE S5 2 & B HERIE,
LT, #PER (B) 78 157 GPa, FEVEICKIS T DB gem i ic 5o S < Mk 2 0~ 5 = L N AlfEIC 2 5.
PR & AWER O (B/G) 28 3.12 & K& 23, THET, DFHRITEZ XL 202902,y Z Y
fEFHMEE L LT, Mg RER &GN & 4)#%[]6%“(11‘ 7 3042350 L1, Cu 3D, MgQ 25-29),32-37,41,42)
BRI, BSREICITRBIETH Y 12, X2 U —iRE (T) MeA10429, SrTiOs27.28).32.34.,36,4D | [,a AlQ 27):32),34.36)
1% 488 °C 19, il (RT) 15517 5 MREdL (M) | i 1427 20 1y (001 Hbii - oy i 70 B 72 % HIEAS 250~450 °C
emu/cm? 14), TEBRRGET IV X— (K1) 13 4283 pHEKEECIEZF Y LET 2 2 L AHE S
X 10% erglem? 19, £ LT, ALAARHER (B) 13 0.6 iz, ABFECHE, KAy &Y v ZIEICLY
BEOADOKI LML 10IDTHS 2 &2, B ERBOW  Me0(001) MM 1 ic FerN Ml A L, HEBREED &
HWHLRSNTNG., LOALRED, BEREERRE, R (X Ny /Y E AT A & B R 1 E T 8 4 R0 L
PEBRICHLNZENTH RV LH Y 2, BfEM <~ Table1 12 x/\/$)/7/£f$|§ﬂ:é;}/bfu\5y
FHEHE IV TIEREIIE £ 185 T L I A & SR E T b FesN FIEO IR A IE & HEERAT Tk 2R, yHIs =

HETHS. t&%/&»ﬁﬁ?éx# DT O HITWT T
, FRTERL & O B3R 2 IR IR LG~ 7 AR T A A2 .
T Corresponding author: Z'KET‘ TIE, yHSREEZER T 2 B0V 2R EF 2R
Mitsuru Ohtake (e-mail: ohtake-mitsuru-yt@ynu.ac.jp). T AmHNET S,

Transaction of the Magnetics Society of Japan (Special Issues) Vol.6, No.2, 2022 105



Table 1 Previous studies on epitaxial growth of y’-Fe4N films on (001) single-crystal substrate by sputtering.

Substrate material Substrate Annealing Annealing | Mixing Total Deposition Power Structural Ref. Year
temperature temperature time ratio of | pressure rate supply | characterization
0 0 (min) N3 (%) (Pa) (nm/s)
SrTiOs 350-450 33 0.4 0.1 DC XRD (26/w) 57 2003
MgO, SrTiOs, LaAlOs | 450 9.1 0.73 0.055 DC XRD (20/0, ¢, pole | 32 2008
figure)
MgO — 280 10 — — — DC XRD (20/w) 33 2010
MgO, SrTiOs, LaAlOs | 450 17 1 0.012 DC XRD (20/, ¢, pole | 34 2013
figure), TEM
MgO 300 300 15 — RF XRD (20y/9, ) 15 2014
MgO — 50, 120, 220, 15 25 DC XRD (20/, ¢-20y) 35 2014
300
MgO 400 2.5 2.5 0.045 RF XRD (20/0, ¢) 14 2015
MgO 350 350, 400, 450, 60 5, 10, - - DC XRD (26/) 37 2016
500 15, 20
Ag/ Fe / MgO 285 325 120 14, 16, 0.33 — DC XRD (20/) 58 2017
20, 24

Cr,Ag / MgO 240 350 30 16 0.33 — DC XRD (26/w) 38 2018
LaAlO3 402 10 0.53 - DC XRD (26/w) 39 2019
MgO, SrTiOs, LSAT 450 15 — — DC XRD (20/w), TEM 41 2019
MgO 250 14 0.37 — DC XRD (20/w, ¢) 42 2021
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Table 2 Structure of materials related in the present
study.

Material Pearson Strul{turbgrfcbt Space group Lattice
symbol designation constant
a-Fe cl2 A2 Im3m #229) a=0.2866 nm
y-Fe,N cP5 L1 Pm3m #221) a=03795nm*
o"-FegN, 18 D2, Idlmmm@139) “Z0C0am0mm?
MgO cF8 B1 Fm3m #225) a=0.42198 nm *
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N, partial pressure ratio, PPRy, (%)
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Fig. 1 RHEED patterns observed for Fe-N films

repared on MgO(001) substrates at (a-1)—(c-1) RT, (a-2)—
?c-2 250 °C, (a-3)—(c-3) 300 °C, (a-4)—(c-4) 450 °C, (a-5)—
(c-5) 500 °C, and (a-6)—(c-6) 600 °C in the N2 partial
pressure ratios of (a) 0, (b) 2.5, and (c) 5%. The incident
electron beam is parallel to MgO[100].
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Fig. 2 Schematic diagrams of RHEED patterns
simulated for [(a),(b)] (001) single-crystalline surfaces,
and (c) (122) surface consisting of four variants4945 with
[(@),(c)] o and (b) ' phases. The incident electron beam is
parallel to (a) [110], (b) [100], or (c) [011]a+[011]s+[411]c
+[411]p. The open and the filled circles correspond to
superlattice and fundamental reflections, respectively.
RHEED pattern of (d) is drawn by overlapping (a) and (cg.
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Fig. 3 XRD patterns measured for Fe-N films prepared
on MgO(001) substrates at (a-1)—(c-1) RT, (a-2)—(c-2) 250
°C, (a-3)—(c-3) 300 °C, (a-4)—(c-4) 450 °C, (a-5)—(c-5) 500 °C,
and (a-6)—(c-6) 600 °C in the Nz partial pressure ratios of
(@) 0, () 2.5 and (c) 5%. The intensity is shown in
logarithmic scale.
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Fig. 4 XPS spectra measured for Fe-N films prepared
on MgO(001) substrates at (a) 400 °C and (b) 600 °C.
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and (d) N site ordering parameter of y' phase in Fe-N film
prepared on MgO substrate.
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