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Fig. 1. (a) Macroscopic morphology of the ez-situ prepared NbjgCoSbh alloy; (b) XRD of the ez-situ prepared NbjgCoSbh alloy;

(¢) schematic diagram of the magnetron sputtering deposition process using direct current magnetron sputtering.
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Fig. 2. (a) High-angle annular dark-field (HAADF) image of
the NbygCoSb sample before in-situ heating experiments;
(b) corresponding selected-area electron diffraction pat-
terns along the [110] zone axis; (c) energy dispersive spec-
troscopy (EDS) map at the yellow-boxed region in Fig. (a);
(d) HRTEM image of the interface region between the Nb
film and NbjgCoSb.
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Fig. 3. (a)—(c) HAADF image of the sample during in-situ

heating experiment, the corresponding selected-area electron
diffraction patterns along the [110] zone axis, and the sche-
matic diagram of superlattice diffraction spots; (d) HRTEM

image of the orange-boxed region in Fig. (a).

ARFTJEIR, 24 A BT B HES ) HAT A% X R
PR, F8) 2 ] o AT e 2 18] 54 1 B SR 5.2
2, RTHHERIE o M RSB, X — R AE XRD
TR RO, 5856 IR XRD i H Y

116401-3


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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 11 (2024) 116401

TR BN — 2R 2. SR, A AR Th A TE B
SRR AR, R I HE 252k LKA
FEXIRRIE, XRD 33 ] AT S e, 25 A 7 b Joe 5
[, 7Er RS fere b, — Bk N i HES T Y
KRR RIFRIE IR, A7 5 a5 5 25t B TR FBORN
PR ILA. TGS AR, X SR Rk Y
RIS ST SO IR, 33X S B T b A P R
S5 TCF A AR

it —2, AT BE R ZUAS AR Y DA T 0OR
WMEE. B 3(d) Ha] LAE BIFEZ X b i 8L T A
J5 ) G SR, an v ARk R, BARELZ
() AT A 1.034 nmy, A EEXT AV { 111} 18 [E] PR
1) 3 4%, 5 3(b) HATHEZE R —3 5 FER, 78
AR FPL S Nb R — A DX, &l 3(a) i ek
HE DX 8, 3% DX F AT S AEREATI SR Sl T8 RS 254
BEE RS04 T, Nb AN 1] SR 0 P 3B 9 1L,
fof BEAS AR B IX SR ASR 2 ) AR N R e, B
FNEAEhRL. B 3(a) £ T S A A i 3E X
REE R AT A, X L AT I, N X TR SAS T
BI5) P RE e B e AR R ZN ek . R SCRR [21]
HIEIN K, NbygCoSb F it 78 I Az i it 72 B Ay
KA AR e M, A R G R b RS I 2
FFIESIEA SR AR L. I, FEARRETE 33

¥ Nip ¢=e—e—0-0 4 (}e) [ ]
¢Shée e @ o l

" —0——e L ]

"'l//v,o

‘ L]
0.344 nm
L) .

[ y ’

. (] . .

. . b 1.034 nm ,

L B N R ’ ’ A

().114;1 nm /4 M # \ &

‘ . . ~ 4
/7 / . ;
——

] - /-
Y . ? 1.0%4 n.m /
/‘ . ‘ . y /" - '
34 nm / 3
/‘

-

(0

] * *Sb e® e l
L] —0-0—0

L)

NbggCoSb %A= A8 Ak N R A 5 A8 KA 7,
HEZFEF N ZE Nb 7SR N Nb g
HE] Nby sCoSb £ i T8 /325 4.

R T RGN RS B SR AR Nbg g, §CoSb
B A A BT, JF 5 B A MU Nbg g4CoSb
R LA HEA TR b, FRATT 3 A8 T PR A [110]
B ) 5 13 B8R HAADF AR 2E45 208, anfAl 4
FE 5 B, 78 [110] Hun) b, E# S & 4 iy
B A S A — R AR IR F, H HAADF
B ZR R, IR E SRR Z (JRF
Fh2R) 5050 R F AR R M R I LA AT AR i
HAADF 1§ b BYAS [F 4 BE DX G5 Ji - 28 i 4 W 20
SRR 2820 Horp HAADF 4 b icse i s Sb
(Z = 51) I ¥#E, WG s Co (Z = 27) T4,
AT P#H ZEHE Nb (Z = 41) JE T4 K 4(a)
JEJEA IS 2/ Nby 5. 5CoSb ) HAADF 3§
8, AT FA A U 0 PRk 8 5L AR 4 (FFT)
&1, 78 FET & r ] DL i b X005 51 68 25 A0 417 2 o5
HIFETE, 5B 3(b) 455 —20 7Kl 4(a) Hh, trl LA
WG I SCHE K RS 4580, AN (T Sk TR . 7R
AR 4(Q) o, FRATIA AT R AT BE, T 37 i b Jre
/RT Sb Hil Nb JE A58 B b ik, o2 ]
DIWEZZE] Sb, Nb JEFHE7E [111] & 1) _EAFAFE

® N o—8—o—0—2 9 €) B Np t—8—e—9—u §
. Shé « @

[ ied

./ ./‘.
L) L L

El 4 (a) Nbyg,sCoSb [110] HIa F A% (b), (c) 4 SIS & 407 50 5 A5 B A S5 W7 15 B A B M8 (A)—(f) Bl (a)—(c) 1Y

KRR

Fig. 4. (a) Filtered image of Nbyg,5CoSb [110] orientation; (b), (c) filtered images containing only main diffraction spot information

and superlattice diffraction information, respectively; (d)—(f) magnified views of images in (a)—(c).
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Fig. 5. (a) Selected area electron diffraction pattern of Nbyg,CoSb [110] orientation; (b) filtered image of Nbjg,CoSb [110] orienta-
tion; (c), (d) filtered images containing only main diffraction spot information and superlattice diffraction information, respectively;

(e) schematic diagram of superlattice diffraction spots in Nbj g4CoSb; (f)—(h) magnified views of images in Figs. (b)—(d).
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Nb, sCoSb ordering transformation caused by in situ
heating-induced Nb diffusion”
Li Qi-Zhu'  Fan Hao-Han!)  Gao Zi-Heng?  Nan Peng-Feil
Zhu Tie-Jun?  Ge Bing-HuiV?
1) (Information Materials and Intelligent Sensing Laboratory of Anhui Province, Institute of Physical Science and Information
Technology, Anhui University, Hefei 230601, China)

2) (State Key Laboratory of Silicon and Advanced Semiconductor Materials, School of Materials Science and Engineering,

Zhejiang University, Hangzhou 310027, China)
( Received 5 March 2024; revised manuscript received 7 April 2024 )

Abstract

This study focuses on the investigation of NbygCoSb half-Heusler alloy covered with Nb films. By
employing in-situ heating transmission electron microscopy (TEM) technique, diffusion of Nb is observed at
high temperature, showing the ordering transformation from NbygCoSb to Nbgg,sCoSb. Through observations
of high-angle annular dark-field (HAADF) images and selected-area electron diffraction (SAED) patterns, it is
found that under elevated temperatures, the diffuse streaks representing short-range disorder in NbjgCoSb
sample transform into superlattice diffraction spots representing long-range order. The modulation wave vector
of this superstructure is determined to be ¢ =1/3(a” +b* — ¢*). This structural evolution primarily arises from
the diffusion of Nb atoms from the Nb film into the NbjgCoSb sample at high temperature, leading to
compositional changes in Sb and Nb.

Further comparative analysis reveals significant differences between in-situ synthesized Nbgg, sCoSb
samples and ez-situ synthesized Nbgg,CoSb samples despite both exhibiting superstructures. In the ez-situ
synthesized Nby g,CoSb, the modulation wave vector of the superstructure is ¢ = 1/3(2a™ — 2¢*) , which is mainly
attributed to Nb compositional variations. Moreover,
the superstructure in Nbjg,CoSb sample can remain
stable from room temperature to high temperature, Nby sCoSb
whereas in Nbgg,5CoSb samples, it only exists at
elevated temperatures and gradually weakens as the

temperature decreases, suggesting that it may be a

metastable structure between NbygCoSb and Niobiumilayer
Nby 54CoSb. @\5
This study reveals the diversity of superstruc- ‘
tures induced by compositional variations and the
complexity of structural phase transitions in half- 1B ClolE
Heusler alloys, enriching the understanding of these
materials and providing important guidance for the
design and functional control of phase-change Nbyg s45CoSb

materials.

Keywords: solid-state phase transition, in-situ heating, short-range ordering, half-Heusler alloy
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