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Fig. 1. Schematic diagram of preparation process of MnsAs,-doped CdsAs, nanostructures.
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Fig. 2. XRD patterns of MnsAs,-doped CdsAs, films and
bamboo-shoot-nanowire structures and standard XRD cards
of three CdjAs, crystalline structures.
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Fig. 3. Laman spectra of MnsAs,-doped bamboo-shoot-nano-

wire structures.
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Fig. 4. SEM images (the first and second column) and EDS analysis results (the third column) of MnzAs,-doped CdzAs, films:
(a)—(c) FO sample (the inset of (a) shows the fracture morphology); (d)—(f) F0.05 sample; (g)—(i) F0.1 sample.
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RAE XRD 4558, 8225 a2 A0 1Y B8 FUTRL R
PN AT RE R K B 2R R o A1, JFH o
FHE B Mn 240 Mg K. 3 Wi i
BN E R EDS RAEZREH FO 1 Cd 5 As
()T Fe )k 55.5:44.5 (F 4(c)), F0.05 5 F0.1
LY Cd 5 As JEF ez 3:2, Mn (R FH
A3 AR 0.03% F10.04% (1] 4(f) I 4(1)). iX
FEH JEL LA B R T s MingAsy 458 2 AV A A 3o J v 77
FE/ B Mn, B CVD ik 03R48 & Mo %
1) CdgAs, Wi, HATHE 1) CdsAs, H Mn
Fe Al B P TEYUAROR WY L 2027,

Pl 5 Ay e Tk DX 104 AT 55 R oK 2 235 1 3% THD
SEM K EDS FAF45H. NO B 5 P9k a5k
RT3, K EA R 2 um 24 (K 5(a) Al
El 5(b)). /NBURL ¢ 25 Cd 5 As B JE T LR
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Fig. 5. SEM images (the first and second column) and EDS analysis results (the third and fourth column) of MnzAs,-doped CdjAs,
nanowires: (a)-(d) NO sample, (e)—(h) N0.05 sample; (i)—(1) NO.1 sample.

43.26%

e
10 15

B 6 CdgAsy P BFHIKL LM B K SEM & (a)—(c) S EDS JLE B3 HT 45258 (d), (e)
Fig. 6. SEM images of the fracture cross section (a)—(c) and EDS analysis and compositional distributions (d), (e) of Cd3As, bam-

boo-shoot-nanowire structure.
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Fig. 7. Microstructure characteristics of CdzAs, nanowires: (a) TEM image; (b) elemental compositions; (¢) HRTEM image; (d) se-

lected area electron diffraction image.
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f)-61.7 uV /K. M35 XRD FAE45H, A4 1 28 1L
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mW/(m-K?2) fil 0.02 mW/(m-K2). FO i = iR 2R
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CdsAs, HAR (3800—9100 cm?/(V-s)) fl&— %t
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A IR IR N T8 0.11—0.14 mW/(m-K2), #
e F MR = 10 5 L4 L, NO.05 B 5 i D R K1
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Abstract

CdsAs,, especially its various nanostructures, has been considered as an excellent candidate for application
in novel optoelectronic devices due to its ultrahigh mobility and good air-stability. Recent researches exhibited
CdsAs, as a candidate of thermoelectric materials by virtue of its ultralow thermal conductivity in comparison
with other semimetals or metals. In this work, at first (Cd;_Mn,)sAs, (z = 0, 0.05, 0.1) bulk alloys are prepared
by high-pressure sintering to suppress the volatilization of As element, and then several kinds of MnjAs,-doped
CdsAs, nanostructures are obtained on mica substrates by chemical vapor deposition (CVD), with bamboo-
shoot-nanowire structure forming in a high-temperature region and films in a low-temperature region. Effects of
MnsAs, doping on the crystalline structure, phase compositions, microstructures and thermoelectric properties
of the CdzAs, nanostructures are systematically studied. Energy-dispersive spectrometer (EDS) analysis at
various typical positions of the MngAs,-doped CdzAs, nanostructures shows that the Mn content in these
nanostructures is in a range of 0.02%—-0.18% (atomic percent), which is much lower than the Mn content in
(Cdy_,Mn,)3As, (z = 0, 0.05, 0.1) parent alloys. The main phases of these nanostructures are all body centered
tetragonal o phase with a small amount of primitive tetragonal o/ phase. Doping results in the «” phase and
Mn,As impurity phase occurring. The CdsAs, film presents a self-assembled cauliflower microstructure. Upon
MnsAs, doping, this morphology finally transforms into a vertical-growth seashell structure. In a high
temperature region of the mica substrate, a unique bamboo-shoot-nanowire structure is formed, with vertical-
growth bamboo shoots connected by nanowires, and at the end of these nanowires grows a white pentagonal
flower structure with the highest Mn content of 0.18% (atomic percent) for all the nanostructures. Conductivity
of the Cd3As, film and the bamboo-shoot-nanowire structure are ~20 and 320 S/cm, respectively. The remarkable
conductivity enhancement can be attributed to higher crystallinity and the formation of nanowire conductive
network, which significantly increase carrier concentration and Hall mobility. The Hall mobility values of the
nanowire structures range from 2271 to 3048 c¢cm?/(V-s) much higher than the values of 378450 cm?/(V-s) for
the films. The Seebeck coefficient for the bamboo-shoot-nanowire structure is in a range of 59-68 pV/K, which
is about 15% higher than those for the films (50-61 pV/K). Although maximal power factor of the bamboo-
shoot-nanowire structure is 14 times as high as that of the thin film, reaching 0.144 mW/(m-K?) at room
temperature, this value is still one order of magnitude lower than the previously reported value of 1.58 mW /(m-K?)
for CdsAs, single crystal.

Keywords: thermoelectric properties, Cds;As,, chemical vapor deposition, nanostructure
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