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Fig. 1. CuySe high temperature 3 phase crystal structurel! (a) Unit cell where the 8c and 32f interstitial positions are shown with

Cu atoms; (b) projected plane representation of the crystal structure along the cubic [110] direction.
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Fig. 2. (a) Schematic diagram of Galvanic Deposition mechanism; (b) XRD pattern of Cu,ySe thin film; (¢) FESEM image of Cu,Se

thin film; (d) AFM 3D image of CuySe film on ITO substratel*!l.
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Fig. 3. (a) Cuy ,Se solution dissolved in thiolamine; (b) af-
ter spin coating and annealing, the Cu,Se film on the glass;
(¢) SEM image of Cu, ,Se thin film sample before soaking;
(d) SEM image of Cu, ,Se thin film sample after soaking;
(e) XRD pattern of Cu, ,Se sample prepared by spin coat-
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Fig. 4. (a) Photograph of CuySe thin film deposited on
Al,03 substrate; (b) energy dispersive X-ray spectroscopy
(EDS) of thin film annealed at 573 K; (c) cross-sectional
SEM analysis of thin film on Al,Oj3 substrate; (d) TEM
analysis of nanocrystals in the thin film, the dotted line
highlights the grain boundaries, the inset is the correspond-
ing FFT of the TEM image./*.
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Fig. 5. (a) Pulse hybrid reactive magnetron sputtering (PHRMS) deposition system; (b) grazing incident synchrotron radiation X

Ray diffraction pattern obtained from a film with a nominal composition of Cu/Se = 1, 2, 2.4, 3.6, 5 and 95,
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6 ELATOR[RIA /A LL Al B A SEM & (% (6]
5; (f) Cu/Se =9

L

(a) Cu/Se = 1; (b) Cu/Se = 2; (c) Cu/Se = 2.4; (d) Cu/Se = 3.6; (e) Cu/Se =

Fig. 6. SEM images of films with different copper/selenium ratios® (a) Cu/Se = 1; (b) Cu/Se = 2; (c) Cu/Se = 2.4; (d) Cu/Se =

3.6; (e) Cu/Se = 5; (f) Cu/Se = 9.
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7 (a) B4 Bl Cuyy,Se BEHTE 1Y Cuy ,Se B 1) XRD B %5 (b) AR 418 7 $ 4% 52 A 11 5509 (001) 1T A4 45 THT 4% 4% 18] B (c);
(c) CuySe 9 1A HRTEM E14; (d) (e) AN Cuy,Se fEILFRAY Cuy,Se i1 FESEM EE, (d) = 0.1, (d) == 0.3 ¥

Fig. 7. (a) XRD patterns in Cu,_,Se films deposited from various Cu,,,Se targets; (b) (001) plane crystal spacing (c) calculated ac-
cording to Bragg's law; (c) HRTEM image of the cross-section of Cu,Se film; (d)(e) FESEM images of Cu,_,Se films deposited on

different Cu, ,Se targets, (d) =z = 0.1, (e) z = 0.3 [0
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DS RAL S, () SRIFEPF = o8 10

Fig. 8. (a) Room temperature carrier concentration in CuySe thin films annealed at different temperatures; (b) dependence of con-

ductivity on carrier concentration in thin films; (c) dependence of Seebeck coefficient on carrier concentration in film; (d)(e) thermo-

electric properties of Cu,Se film on flexible plastic substrate, (f) conductivity o of the film deposited on polyimide substrate, (g) See-

beck coefficient S, (h) power factor PF = o$* [0,
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Table 1.  Research progress of Cu,Se thin film thermoelectric properties in recent years.
. . Crystallite O o/ K/ PF/
Methods Film Cu/Se size /mm S/uV-K K109 S/m W-(m-K)! mW-(mK?) ! ZT  Ref.
600 1.8 38 18 [68]
Chemical 330 2.125 1 (69]
deposition 403 1.96 37.039 17.8 [70]
1700 1.81 8.13 x 10° [71]
40 1.7 <10 450 [72]
Pulsed laser 234 57 130 619 [10]
deposition
60 10 350 [61]
90—100  1.92—1.89 0.14—0.22 [42]
Electrochemial 1.78 4050 80 27 0.77 173 0.07  [41]
deposition
2.191 34 56 130 [73]
1—3 1000 10—100 100 [74]
Sputtering 3—10 100 =100 1
deposition 48—131 1777 37.3 1.4—4.9 [5]
600—850 1—9 25—84 100 100 0.8+ 0.1 110 0.4  [60]
300—500 44.603 [75]
Spin coating 62.6 1.9—1.995 200—250 25 0.62 653 0.34  [54]
process 50—100 80 100 0.4—1.4 0.14  [76]
55 1.79 + 0.06 10 1.3—1.5 620 [40]
Simple
mechanical ~ 10000—50000  1.743 14.3 557.82 0.79 111.84 0.04  [9]
pressing
Wet-chemical 8000 1.98 50.8 1047 0.25-0.3 270.3 03 [77)
process

076802-10


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 3R Acta Phys. Sin. Vol. 70, No. 7 (2021) 076802

TR EEE R A ZR . R, 3R AT A AT i
AR D7 R G R MR R Y T 2 S A AR
oA T AR ORI 2 156901 R4 (8 SR )Xo 1
PR T SR, A B T 2
KT U AR Z 8] 9 B 2 e fih 220G F 2, AT
R PR 3 22 Foe RO S B i R P e i e f.
CuySe 45K H HIER = 5T 1Y 70 R 4L A
FoEE BT R R T 0 TR PR AR PR [T
i LA R IR TE SR S e 45 T poly (3,
4-ethylenedioxythiophene):poly(styrenesulfonate)
(PEDOT:PSS)/ Cu,Se, 4 Kk & A . T HE A
BA O, B H R 7 i 943 (25 mm x
5 mm x 8 pm) HBAFERBLEDS (WE 9(a)).
g AR R G 7E SR E A e (PT) Bl b, JF( 4R
KABBRERE. y TIER % 59 PC-CuySe; #1FHH)
SCHE, AR T 25 BREEE TE kA4, JFHIE
B ety % B DL AT A (WL 9(c)). 181 9(b) R

16

12

Voltage/mV
o

16 360

12 4270

4180

Voltage/mV

490

30 40 50 60 70 80

Current/pA

Y

Power/nW

25 iR PR A R A AR AN [ T 2 T B s L R
IR SR ERZES. RIEE 9(d) A1 9(e) AT LA
BRI, PR AR S T R AR = [ il 2
A 4.5 mV AYHH L. B 9(d) AR R AT A
MR IR B, B8 AT 2508 3.5 K. Ak, R4S
IR AR R BRI BA B 1 R L2, i
2x77 4 15.4 mV B HE2E (LI 9(e)). 414N EIE
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(a) CuySe/PEDOT: PSS & [ i i Hh v i SR BB LAY R R 5 (b) TEA IR 2 T M e R M R SRR R (o)

ISR R (d) T TR R JE B RS 22 IR0 (9 IR 22 100 7 AR 19 4.5 mV AL R BE U5 (e) KF 257K 481 A 500 mL BE 4 B 5 A 31 3%
B TG AR 15.4 mV LRI F, d #8201 e 300 14 1 I DA v [ 177

Fig. 9. (a) CuySe/PEDOT: Relationship between the output voltage of the PSS composite film and the temperature gradient;

(b) relationship between output voltage and power and current under different temperature differences; (c) digital photos of the

device; (d) photo of the 4.5 mV voltage generated due to the temperature difference between the arm and the surrounding environ-

ment; (e) pour the tea water into a 500 mL beaker until the liquid level reaches the bottom edge of the device at 15.4 mV voltage,

where Illustrations in the (d) and (e) parts are infrared thermal images!".
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Abstract

Thermoelectric (TE) materials can directly realize the mutual conversion between heat and electricity, and
it is an environmentally friendly functional material. At present, the thermoelectric conversion efficiencies of
thermoelectric materials are low, which seriously restricts the large-scale application of thermoelectric devices.
Therefore, finding new materials with better thermoelectric properties or improving the thermoelectric
properties of traditional thermoelectric materials has become the subject of thermoelectric research. Thin film
materials, compared with bulk materials, possess both the two-dimensional macroscopic properties and one-
dimensional nanostructure characteristics, which makes it much easier to study the relationships between
physical mechanisms and properties. Besides, thin film are also suitable for the preparation of wearable
electronic devices. This article summarizes five different preparation methods of Cu,Se thin films, i.e.
electrochemical deposition, thermal evaporation, spin coating, sputtering, and pulsed laser deposition. In
addition, combing with typical examples, the characterization methods of the film are summarized, and the
influence mechanism of each parameter on the thermoelectric performance from electrical conductivity, Seebeck
coefficient and thermal conductivity is discussed. Finally, the hot application direction of CuySe thin film

thermoelectrics is also introduced.

Keywords: thermoelectric, CuySe thin film, thin film preparation, flexible thermoelectric
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