Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

BRI A AR AT R H
SR ERA REY ARG HART EAMY 0 4K

Thermal analysis on crystal phase synthesis of iron nitride film and its magnetic properties

Lu Qi-Hai  Tang Xiao-Li  Song Yu-Zhe  Zuo Xian-Wei  Han Gen-Liang  Yan Peng-Xun  Liu Wei-Min

5|5 &, Citation: Acta Physica Sinica, 68, 118101 (2019)  DOI: 10.7498/aps.68.20182195
TEZER 2 View online: https:/doi.org/10.7498/aps.68.20182195
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in

FLAT AR BUREWEAS T NI F e TR A i 155 25 1) SRR BE T

Preparation and magnetic anisotropy of NiFe film with stripe domains

PB4, 2016, 65(21): 217501 hitps://doi.org/10.7498/aps.65.217501

T R A 2 ) 3 R4S 1) S DU S A A s 4
Demonstration of four—state memory structure with perpendicular magnetic anisotropy by spin—orbit torque

YrH2E 4. 2018, 67(11): 117501  https://doi.org/10.7498/aps.67.20180216

WEMEZ I CoF e B/Ni Y HE ELRE A4S 18] SEPERF I

Perpendicular magnetic anisotropy study of CoFeB/Ni multilayers by anomalous Hall effect
Y=L 2016, 65(24): 247502 https://doi.org/10.7498/aps.65.247502

i i B Ta/CoF e B/MgOMPIFTE FL45 [i) S LR AR P A H i
Large enhanced perpendicular magnetic anisotropy and thermal stability in Ta/ColFeB/MgO films with excess boron

YA, 2017, 66(1): 017502 https:/doi.org/10.7498/aps.66.017502

T ELREAS 18] S PEL10-Mn1.67Ga B AR /T AR ANIE A K S RGP 5

Perpendicular magnetic properties of ultrathin L10-Mn1.67Ga films grown by molecular—heam epitaxy
PrPeEd. 2016, 65(11): 118105  https:/doi.org/10.7498/aps.65.118105

RBACHN K DI RE ALK A 9 FA A ez P o
Thermal spin transport properties in a hybrid structure of single—walled carbon nanotubes and zigzag—edge boron nitride nanoribbons

PPz 2019, 68(5): 057301 https://doi.org/10.7498/aps.68.20181968


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20182195
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.65.217501
https://doi.org/10.7498/aps.67.20180216
https://doi.org/10.7498/aps.65.247502
https://doi.org/10.7498/aps.66.017502
https://doi.org/10.7498/aps.65.118105
https://doi.org/10.7498/aps.68.20181968

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 11 (2019)

118101

RUKHEIRRE SRR R Ew T

FREV ERAY KILD AR
BRED EBHY HER

1) (HR BRI B AR B ARSI, W8 s SRR T e, 221 730000)
2) (FFRHRS, Bl S A A I K TS0 %, R 610054)
3) (HIR AR BEGORN TEARISEE, 20 730000)
4) (P EBEBE 22 AP EAR S RT, 220 730000)

(2018 4F 12 H 12 HYEI; 2019 4F 3 H 14 HIEIE )

WHFE Fe-N 1A R G AHE A4S (AHAR ) FUALXT T w805 i A BN AL R 1 v Fe,N WA BHE 5 2. R
5 3BT (TG-DSC) BFFE T % A 8k 4 I (69 A 78 LA . TG-DSC 1Y 45 5 W 7%, 76 10 °C /min £ FH L 3 F
v'-FeN # B 7E # I ) 800 C Z [ A 5 M 42, 47 R 1, v"-FeN—EFe)N; 11, &-FeyN—e-FesN; 111,
e-FesN—7-Fe,N; IV, v-Fe,N—n-Fe; L & V, y-Fe—a-Fe. Fl i EL25 18 K HARF RO T A AL 2k MY Al .
XS AT A 4 SR W, B A Al U P D S A5 2 A9 A R R SR 1Y /L FeN, £ 350, 380 1 430 C
1B AT 43 BIFRAT BAH 1Y &FeoN, e-FegN Hl v Fe N. #F 58 1 ZUALAK MRS 1 0~ M RE . P s e & g 58 1k 2 21
BR, - Fe,N R AE 1T P9 /18 02 B W 58 A w5 1) S T LR A1) T AR 45 1 S

KRR CPa)E, MIREEH, FIEHGT, #5154
PACS: 81.05.Bx, 65.40.-b, 75.30.Gw, 68.37.Ps

1 5 =
TF 5 e ML ARG R T 1 e 28 0
e 1R T2 B AT A RS 2 — . A R

Mg, FAE— 2R E R ) H A et b A e
Al3E 100%, i & T 5 B RETE 28, 4 Fe (43%),
Co (45%), Ni (35%)B. fEx—2 & )mt, BAE
i VE B B e AR AR R B L A RE, E R
Heusler &4 =10, A A4 112 P04 fb =4k 1314
AR =17 25 Hirp yLFe N H AT 45 H &) 5. Tiif
Fig e e BRI R A v A, I RS A

DOI: 10.7498/aps.68.20182195

TR 2= Zheng 45 1520 # FLXT Fe-N K &
AP RLEAT T RGEAIWESE, AT B FH s nz itk
S, SR 3E A R RN AR Ny/Ar 19 LIRS T
A 4 -FeN i, UL & e-FesN Fll v-Fe N, FeN
M a'-FegNy SFIR-A A Fe-N AR f5 MG o %
Tl P IR B | DR A IR R AR 45 Fe-N R 1 47,
AL HAFFR B, BEES AR S ST (100) 4K _E TR
A - Fe N T8 15 (19 5 A VL B #0502 250 °C, fij A
i NaCl #1E_EA K B v-Fe N HEE ) e A0
7150 C. XU HEHYA Fe-N iR K135 v-Fe,N
B AR 700 K (427 °C)RU BARAR £, Pib
Fe-N KRR Y A 4 o i B8 ) 37 B e) S 2 1 4 ot

*E R A A R A S S PG (JEAES: KFIJ201703), R HAR AR S (HHES: 51772047). EF HRBlE
B4 XBLA R4 (HEMES: 51761001, 51665003, 21864003), Hl A H AR EIL S (S 17JR5RA180), XM T AAQIHT A
APIE (HEHES: 2016-RC-80) Al 2018 4 BF “PHHBHE 4252 Tl H 9% B L8

+ fEVEH . E-mail: tangtang122@uestc.edu.cn
©2019 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

118101-1


http://doi.org/10.7498/aps.68.20182195
mailto:tangtang122@uestc.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 68, No. 11 (2019) 118101

AR EE Y520 . S5 80, ABATIEHEFE T Fe-N Y
MR RE. O, R A Mi S5 1622250 Fi] Xk
BORG AR S BOARAE L ~-Fe, N IR 19 5 107 T
IBAS T RORIERE, JEE EHIFE T Fe-N WAy # 27
FFL R RE, F2 A0 A w7 2R 50 A R BEL AR
5, 4 y-Fe N SRR AN HBOE T HEA.

MR Fe-N /R R AR PO(INA 1 fFiR), Fe-N &
RIFTEZ M A, M H 2800 (45 -Fe,N
FEN) JE T AR, DAt LA 7 $AER O T oY
EHAHDE. MEF) Widenmeyer 55 2728 X} Fe-N
R RIAT T RGO HETE. ABAT53 0] E H
§-FeoNy g5, e-FegNy 57 Al y=Fe,N BB AR i 2E 47
W (TG) 70, ZBHEE MPEE W BT, =4
Feih Fe-N KRR 10 N it AR S Rpaimib, 2R
JEIRF 2 800 C IR e AL a-Fe, 1 1Y i
EFRIEFETF N BHTH; N, &FeyNjgs (10 °C/min)
Hl e-FesN, 57 (1 C/min) i TG fhE h #8381
WS B, XA AR v -Fe,N 74 bR
i A, B—1 TG 2T AR S WS AR % 22 i
P HPOE PR AR A AR I G LG, e v AR
W Fe-N 75 S AR (9 1 5 FR.

Fei1gN Fey,N FesN Fes,N FeN
800
IS
600
g
&~ "
13 Y=y
400} "
[RN]
(RN
[RN]
200 |
s S S 1
0 10 20 30" 40 50
N/at%

Bl 1 Fe-N &AM R
Fig. 1. Phase diagram of Fe-N system[?!].
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Fig. 3. XRD patterns of iron nitride films before and after
annealing at different temperatures for 2 hours.
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Fig. 5. TG-DSC curves of iron nitride film (dotted line is DTG, which is the first derivative of TG).
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Fig. 6. In-plane VSM pattern of iron nitride films.
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y-Fe—a-Fe, Wi 14.4 J/g. v'-Fe,N Z i s EAE M
LT A 45 1) Sk 1T AT B [l B2 & Ak
Jy 1, MM R KRR #E Y, EXERL T 1,
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Abstract

The phase transition law of Fe-N system is very important for efficiently synthesizing single-phase +-Fe,N
thin films. The «"-FeN thin films are deposited on silicon wafers via DC reactive magnetron sputtering; some of
them are stripped from the silicon wafers and measured by using the synchronous thermal analysis (TG-DSC)
for studying the phase transition law of Fe-N system. The results of TG-DSC show that at a heating rate of 10°C /min,
the Fe-N system has five phase transitions in a temperature range between room temperature (RT) and 800 °C,
ie. I (330-415 C): 4"-FeN—¢-Fe,N with an endothermic value of 133.8 J/g; IT (415-490 C): £-Fe,N—e-FesN
with no obvious latent heat of phase change; III (510-562 C): e-FesN—+-Fe,N with an exotherm value of 29.3 J/g;
IV (590-636 C): v-Fe,N—~-Fe with an exotherm value of 42.6 J/g; V (636—-690 °C): 7-Fe—a-Fe with an
endothermic value of 14.4 J/g. According to the phase transition law of Fe-N system, the crystal phase of iron
nitride thin film is effectively regulated by vacuum annealing. The x-ray diffraction pattern (XRD) results show
that the iron nitride thin film obtained by direct-sputtering in pure N, is a single-phase +"-FeN film, and it
becomes a single-phase £-Fe,N film after being annealed at 350 °C for 2 h, a single-phase e-Fe3N film after being
annealed at 380 °C for 2 h, and a single-phase v-Fe,N film after being annealed at 430 °C for 7 h. The annealing
temperature for the phase transition of Fe-N thin film is generally lower than that predicted by the TG-DSC
experimental results, because it is affected by the annealing time too, that is, prolonging the annealing time at a
lower temperature is also effective for regulating the crystal phase of Fe-N thin film. The magnetic properties of
the Fe-N thin film are also studied via vibrating sample magnetometer (VSM) at room temperature. The ~'-
Fe,N polycrystalline thin film shows an easy-magnetized hysteresis loop for the isotropic in-plane one, but a
hard-magnetized hysteresis loop with a large demagnetizing field for the out-of-plane one, which belongs to the
typical magnetic shape anisotropy. However, their saturation magnetizations are really the same (about
950 emu/cm?®) both in the plane and out of the plane.

Keywords: semi-metal, crystal structure, simultaneous thermal analysis, magnetic anisotropy
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