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ABSTRACT: Controlling microdroplets has gotten wide attention due to its potential applications in drug delivery, microfluidic
devices and lab on chip, etc. Recently, various methods were used to manipulate microdroplet. For example, surfaces were
modified by coating with different surface energy, or by micro-structures to change the property of surface to manipulate

microdroplet. These methods were classified as passive methods because the functions of the surface could not be changed when
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the surface was modified. Moreover, active methods, such as temperature, light, electricity, magnetism and mechanical stress,
etc. were used to manipulate microdroplet dynamically. However, although the adhesion behavior at liquid/solid interface could
be adjusted, some obstacles such as long response time, high energy consumption and droplet pollution, limited the application
of those technologies. Therefore, a combined active and passive approach was required to manipulate microdroplets with fast
response time, low energy consumption, and no pollution.

In this study, silicon chip with size of 20 mmx20 mm was used as substrate. To ensure the conductivity, the back of the
silicon chip was ground with sandpaper to remove the oxide layer. Then, the silicon chip was coated by spraying
superhydrophobic liquid. After drying for 1 h, the superhydrophobic film was formed. The liquid-infused surfaces were prepared
by adding lubricating oil (polydimethylsiloxane) to the superhydrophobic surface. Droplet was placed on the oil-infused surface
and then electrowetting system on the droplet/oil-infused surface was established with applied voltage. Lubricant with viscosity
of 10 mm?%s, 50 mm?s and 100 mm?%s and applied voltage (0-240 V) were used in this work. Moreover, the effect of oil
viscosity and applied voltage on the droplet/oil-infused surface adhesion behaviors was investigated. The adhesion mechanisms
under the coupling effects of lubricating oil viscosity and applied voltage were studied.

The adhesion force variation process could be described with snap-in force, maximum force and pull-off force. The snap-in
force decreased from 194 uN to 123 uN, the maximum force decreased from 129 uN to 94 uN, and the pull-off force decreased
from 101 pN to 82 uN when the liquid viscosity increased from 10 mm?%s to 100 mm?/s. Snap-in force increased from 156 pN to
322 puN, the maximum force increased from 120 puN to 178 uN and the pull-off force decreased from 85 uN to 53 uN when the
applied voltage increased from 0 V to 240 V. Active control of the adhesion behaviors is achieved. It is indicated that the
high-viscosity polydimethylsiloxane has strong internal shear force, however, the long chain will enhance the hydrogen at the
droplet/liquid-infused surface. Consequently, the snap-in force, the maximum force and the pull-off force decrease with
viscosity. Moreover, the effective interface energy varies nonlinearly with the voltage, realizing real-time adjustment of the
adhesion force of the droplet/liquid-infused surface. The adhesion behaviors of droplet/liquid-infused surface can be

actively/passively controlled by changing the voltage and the viscosity of the lubricant. Results help to provide theoretical and
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technical guidance for development of a new micro-droplet controlling method.

KEY WORDS: microdroplet; liquid-infused surface; adhesion; electrowetting; interface adjustment

TR T B R S I M BRI 5 7 | 25058
ARG P88 45 A8 32 IR Y B A5 56 T
TBCF T b B A DA S R R A 0 i B A R R S B RE
SRR [T S T R AT DA TR B s 5 3 Bl
il 2 AP0y LB wesh e R8P B~ J7 K
IR AR T R 2 i A FE B R TR R, 7 [ R 3% T )
T PR 2 g A 3 v U B R AT AS () 3 1 i 1) Al 521G
IER AR I o 35T A 2 T BE , TS I 7 I 4R 3 T ) 97
MR, S B VR T R BT O g e R
[ % 3 T 5 o) BRSO S, H AR T M L 2 42 [
b, JoRE AR R rp BEAT B RS A Y, Hzk
132 B AN [RI RE JE B i, 32 5 i O I g ek
MELMB S o NI, 5 Sl il [0 98 55 1o 6h B AT S 14775 5K
PR TBOR B B A A . AT, T R R
Fr oA ml Lhad i HUBRRLAR | #23 | l BE RDL ARSI AR e
PEATIRAY o Lou S5V FIAUAREL A 2 22 MEp i 1
FRUL K S LA, DA S B 1 3% 1 268 By 4 i 74 42
i, Jiang S Mg Yy B R A B B R R, (R R
TGRS E RE , TR e e A2 R MR R, S B T
FEBHAT A A TR o Yao SEUVRI A HLM RL 2 IH 1Y
Yk B W A A o AL T ) RGBT R . Wang SEUOSR

IR K PRI T OB TiO, R, l B IRSE I T3k
TE Y S P A KRR 22 [B] (Y T3 4, Klloxin 451
I 0 T oA 36 T RELAE S5 DA S R T 254 5 2,
R FMHERE A LR FHE . Li 55U E R mEk
HATHR R TiO, AAAKAL T s fa st A, il
Y B T R FR M ERE R S AT . AT Kk
B, HET5 Ik BARAE— € PR RE S BT J8 5  2eh fi
From YT, (B AR BT AT W LA R BEAE
PR TS R RE A, PR T IZEHOARAE TR 5
BRI o PRI, m IS A I A R R | BEFE
i JCT5 3 B AT o T s Pl ik

P10 e R Rl AN REEA | WA Qe Rl T ]
AR T, S BRI T bR 2 PR A A A i
(1 A BRI G L) AR LA e B ) PR 45
JRAREE DL AL, 7 [0 5 1 285 B0 0 sl 2585 0 i B
ARESR: B4 L FHTER T o (B IR A T A T A 7 4 Jo L v 1
R, WO AR S LA, B R ) S R
Toik g A B GRS , 5 R AT Tk S B
AL o TARSR, TRWRERIE M TGS B
USRI T RO R O AR S B AT
2 WS HTHT S, 32 8] THFTEH )2 R0 . AN,



- 306 * * wm #H R

2023 4£ 10 A

VORI 7 1o V% AT 1) o ik A 1 /NP2, R E TR VR
TG A i b IR R GE AR A T A

BT U, AT S 403 1 7 R B 2K 3 TR AN
(R W R RE b ) il Bk, i S e
TRPORCR TE R A B AR RS, IR RGEMIA
1 T 0 286 T X (R VR /T YR TR R R RE R I o
kS e e 2 2R Y TR 0 R A B R ), 4R
G T 5 S R R R 5 T BRI /v R
T B 3 4 sl 25 A8 AT D AL

1 K5
1.1 REENGEHREH &

¥ P AUKE R (SSPP, Siltronic, Germany ) Y& L,
20 mmx20 mm K/MMERILIK ., N T H TR,
SeffiFH 180 HAEPACUHLEE , SRS fiH 800 H ADATKS B it
REHEZE, HEEIZIE . SRI5 (R D
YEHL ( DSA50-GL, DeSheng, China ) ¥Bffk H il &
TP RS ATV R . SR MR TR g K
i%% ( Never-Wet, Rust-Oleum, USA ) ¥2JW47E
ikl b, 7826 CTEME T HFE 1 h, B EIKHE
. 3 ST I ( MFT-3000, Rtec, USA ) il
A4 B 7K e B P 2R TR RELRE i 29 R(233+5) nm, JR 4
9500 nm, WNE 1a Fr7R o 5 J5 768 B /K R 2% S pl
FEEEA 9N 10, 50, 100 mm?/s FOREM ( PMX200,

DOWSIL, USA ), /K- eE 8 h il d e m, mE
1b Fims.

1.2 RETHEZRENHEEIRE

o5 P 422 fl £ I 542 ( DSA30E, KRUSS, German )
AT VB 7 Y T A S 1 i YR
SRR (3812, Ausbond, China ) Bl 45 Lf (I RE
[EE1E 40 mmx40 mmx0.3 mm FF A E, SAF S5 E
WHLYE (PSW250-4.5, GuWei, China) MR I%E .
P8 R ilcE FIEF 6 L, SRR FCE 10 uL 193
T BT R VR A T, PR A 22 DA YR TOU R e A YR
W, IR 225 B R IR E A, R 2 R .
A EE R R g S Ak 2 BB, mzk
HEPEEMN 0 V BEET R 240 V, INEEEN
10 V/s, JIN#Z LS 240 V )5, FFIGEIZEGIRE, #
HLR BT REARE] 0 vV, HIZGE A 10 Vis, ENES
1A AR v A AR AL I SRR TR A R R A
)42 ok £ DA R 2 ik 2 A4k o
1.3 REEREENEHREZEHEEE

AR

ol P 198 A T A oA 4SOk S T 28 B AT oM AT
Mk, B4 L= Bl . B T& . ot
IR AL IR | B R Bl YR S R AL R T R
PR S R Z RAH EAE R T ERTT , B R A

b HRRE

K1

R 7K T A T W R T — 4RI A = B A

Fig.1 2D morphology and 3D morphology of the superhydrophobic
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Tab.1 Relationships between infused liquid viscosity and droplet shape and maximum interaction force

Viscosity/(mm?-s™) Ry/mm Ry/mm 7/mm sinf, F/uN
10 1.11+£0.20 7.35+0.52 0.93 £0.03 0.97+0.14 207.26 + 1.8
50 1.12 + 0.04 542 +0.36 1.01 £0.12 0.98 +0.05 201.39+2.3
100 1.15+0.91 3.76 £0.72 1.03 +£0.33 0.99 £ 0.08 191.09 + 1.7

a 10 mm?s

b 50 mm?/s

¢ 100 mm?s
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Fig.8 Residual droplet after separation of the droplet/liquid-infused surface for infused
liquid with viscosity of 10 mm*/s, 50 mm?/s 100 mm?/s respectively

mgm

O/ Sl\ CH3
S ch,

Ko B HIIERE A LTSS

Fig.9 Schematic diagram of the
structure of polydimethylsiloxane

TR P i U 5 R SUE 1 D TR ) B 3R 220,
4R I o8 R 55 1 T 22 18] AR LA 8, e
B0 A S T 7 FRR R [0 4 ) BEL 3 1, G A 2
W3 KT AN g3 B 1 3 A R R B I e

23 WHEFERRFE LEHMIITAREE
#l 7 E

R A9 B i e iR s 45 R an & 10 fr
TN MMz EM 0V _EFHE] 60 V, i i A0 1 ik
HERFTE 98.60°£0.34°, FHA B AL, HIRgkLL
B R 240 V., Hfl AN 98.36°3% Wil /) 2]
87.98°, MIRIGZ KT LIA H, MIMINE R 0~60 V
P =1 O 7 € R 3 2 D 7 Ny L A o £ 708
X (1), MAMIEERT 60V I, (R Y32 fil £
it FE A B84 e, I XA AR AR IX (T ), BEAh,
MHL M 240 V /MR 0 VI, WSl A M 89.120
g 97.48°, G5RF, TR TE R L4
fik 7y T LA g P R S BT R T

AN TR) 0 28 FEL PR TS A YR  E T 1%) 78 B 1
WE 11 FR . Mg R 0 v 3] 240 Vv, IR
JI 156 uN Hhn#E| 322 uN, KM EAER S

105 ,
100 F i \

951

Contact angel/( °)

90

| I

1 Viscosity 100 cSt
| —@— Increasing voltage
. 1~O— Reducing voltage 5
0 40 80 120 160 200 240
Voltage/V

P10 GRlCiR I A T T T ik £ it P T 728 e ot 6
Fig.10 Variation of contact angle with applied
voltage for the droplet/liquid-infused surface

85

120 pN M EIZ) 178 uN 535 J17E 0~120 V M 85 uN
WNE] ST N, HLRAREE NS 240 V, 3B Ry
TE(59.11£6.51) uN, A3 B B AU/ 35,
FEAMINE AR R T, S0 /e Y 35 TR R R
TE WA B L VIR R GE . XA R HER RS, Sb
Je 2 fift U P AR SRS, TR AR A B S B A

st FR BT, SIS T K S 47
BT o 0
ot =01~ oV 5)

K o0 AMKFHERE; ¥V AMEIMBI RS &
T & 73591 o L3 A HLH BORIA Y HL TR ARG A FL
d AR MRS o FEREMMERRT AT, WS R o o3 A
W A R, R AR A S S N ik B e K AE . il



- 310 - * wm #H R

2023 4£ 10 A

350

@ Snap-in force
@® Maximum force
280 @ Pull-off force

210 3 5
w0l /

(I) 6I0 léO léO 2:10
Voltage/V
B Ry R Ry E
BEAMIN AR s B A2 A F

Fig.11 Variation of snap-in force, maximum
force and pull-off force with applied voltage

T X A2 ST 5 N 1 AE KO ) B B o s i AT Ry, AT
DA SR FAE = A R | B, Sy 14,
F, =g§—jV2 =1 (6)
Ao g AHEIBE, SHEEAX. TR,
i L 5 AN 147 B AE e, S EE H R A 3G N
MR FEHCE . BUE, H AR AR R 1 ) SR
B 3 S AN 12 FTR .

Interaction force/puN

|

The length of contact line/mm

Droplet

Vv

o ; Yoo F, Silicon oil

F12 HRAE R RO A v T 52
Fig.12 Forces at the liquid-infused interface
under applied voltage

TEMH IR BE, P 23 AR A0 -5 T W3 1T A
MFRE, WL BORR T R S R R G, 1%
ik L 2> Bt R I A I T, BT LA R g 23 i

c 120V

ARSI, s 13 Fios. TR FL
5RO AR L, P 2 1 B 18 1 5
FEARZEE R R

35

30

251

20

0 60 120 180 240
Voltage/V
B 13 ORI E R B S G R
Fig.13 Relationship between the length of
contact line and applied voltage

WEAh B R R, T DL B O M T
ST 4 B IR 15 KA S8 0 AR 5 P T 4
B R, PR R T . B R S A
FIEVE Tt B VRS el T AN R £
LR, DA IR 5 T VR T 4 A T RE T 2 O R
B R Al R RN T A TR

A3 B 1 09 TR /IN B T R 5 3 Y T 4
ST o FETCH TR T, ORI 55 T 3 T 7 L i
R4S o AERL TR ROV, AR 12 R 2 2
20, B R AORON , OB R e,
52 ) 0 VA SR 0 TR/ G 2 TV PR T B R
e, WA 14 R,

et T HLFE A P B0 5 L T A A A
R, AT ABEM T W %%%[27]:

Wy =0y, +0, —on (7)

K3 (5) FBI-K BT A RO T REAR A (7),
A 75 3N o A R B RS D W

Wy =0y 40, =0+ LV ®)

K oo WIS ILTRE; 0w WK SETRE.

d 180V

e 240V

Pl 14 R0 73 2 INE RO W 2R e R B v T A A
Fig.14 Breaking height of the liquid bridge with voltage



%524 4101 e, S

TR /I T R PR A T g 119 2 sl 4 ol S L 311 -

TCHL NN BN R E W
Wy =0y, +0, —0y, )
PRI I ] A5 30 I 280 F T 5 TG 28 FR T G R 2
ZIA B SRR
€&

w, =W, +
\% LAY

v? (10)

TRAACE, OB A R A RE R D 2 Ry
Ao H—aBr GIERER A B A oA e, A
ST L3 e 9 A T P BR A MR, AN,
JAT SR BRPERE s 25 AR SAMINA R A G, it
3340 S AR AR P P v LA R - AR TR A BB A —
7 T FEL A S BBl 2SI

3 it

ASCHIFGE T IR /3 Y T V0 T Yk 2R B RN AN i
FEXTREB AT A R ML, 13 AR 458 .

1) FERE R M 10 mm?/s BEHIE] 100 mm?/s,
TEIE S A 194 pN JB/NE] 123 pN, F RAHE AR 51 A
129 pNJ8/NE] 94 uN, 7325 1 A 101 uN 3/ 31] 82 pN.,
Wi 5 ¥ YR TRV Y 2 L T T I N Y B )
DY &R RIS NUE 2= =R = s s el |61 B R 5
YEFISE N, BELAS T F80R0 76 7 1 3% T I 5 0
BT ORI 5 T R T A AR AR

2) MEEMN 0V H#IE 240 V B, TEE TN
156 uN HEhnE] 322 uN Zf7, EKAMIAEH A
120 pN H4m#E] 178 uN 247 /K A AR EER T
TR I b A R A, R AR T K A A AR
S RE, RO AR W R T L AR T ok, i
M3 B 1 ) 5 e KA BAE 738,

3) Ao I S sh A5 A RSB T O/
VR TR JIFE 123 uN 3] 322 pN JE /Bl o], d5
KAHEAEH JI7E 94 uN B 178 pN 31 Fil 4 ] SE ) 3 245
VAT o AR R SO AR A ) 3R 8 15 3 SRR R
EE LBt e S NS B L s O

S 3k

[1]  ZHAO Yan-hua, WU Yang, WANG Liang, et al. Bio-Insp-
ired Reversible Underwater Adhesive[J]. Nature Commu-
nications, 2017, 8: 2218.

[2] HAO Chong-lei, LIU Ya-hua, CHEN Xue-mei, et al. Bio-
inspired Interfacial Materials with Enhanced Drop Mobi-
lity: From Fundamentals to Multifunctional Applica-
tions[J]. Small, 2016, 12(14): 1825-1839.

[3] LU Hao-jian, ZHANG Mei, YANG Yuan-yuan, et al. A
Bioinspired Multilegged Soft Millirobot that Functions in
both Dry and Wet Conditions[J]. Nature Communications,
2018, 9: 3944.

[4] YANG Si-min, WANG Jian-giang, WANG Yang, et al.
Interfacial Polymerized Polyamide Nanofiltration Mem-

[11]

[12]

[16]

brane by Demulsification of Hexane-in-Water Droplets
through Hydrophobic PTFE Membrane: Membrane Per-
formance and Formation Mechanism[J]. Separation and
Purification Technology, 2021, 275: 119227.

BAI Xue, YANG Qing, FANG Yao, et al. Anisotropic,
Adhesion-Switchable, and Thermal-Responsive Superhy-
drophobicity on the Femtosecond Laser-Structured Shape-
Memory Polymer for Droplet Manipulation[J]. Chemical
Engineering Journal, 2020, 400: 125930.

WANG Dong-hui, JIANG You-hua, ZHU Zhang-lei, et al.
Contact Line and Adhesion Force of Droplets on Concen-
tric Ring-Textured Hydrophobic Surfaces[J]. Langmuir,
2020, 36(10): 2622-2628.

LOU Xiao-ding, HUANG Yu, YANG Xian, et al
Lubricant-Infused Surfaces: External Stimuli Responsive
Liquid-Infused Surfaces Switching between Slippery and
Nonslippery States: Fabrications and Applications (Adv.
Funct. Mater. 10/2020)[J]. Advanced Functional Materials,
2020, 30(10): 1901130.

IANG Shao-jun, HU Yan-lei, WU Hao, et al. Multifunc-
tional Janus Microplates Arrays Actuated by Magnetic
Fields for Water/Light Switches and Bio-Inspired Assimi-
latory Coloration[J]. Advanced Materials, 2019, 31(15):
1807507.

YAO Xi, JU Jie, YANG Shuai, et al. Temperature-Driven
Switching of Water Adhesion on Organogel Surface[J].
Advanced Materials, 2014, 26(12): 1895-1900.

WANG Jun-wei, MAO Bao-dong, GOLE J L, et al.
Visible-Light-Driven Reversible and Switchable Hydro-
phobic to Hydrophilic Nitrogen-Doped Titania Surfaces:
Correlation with Photocatalysis[J]. Nanoscale, 2010,
2(10): 2257-2261.

KLOXIN C J, SCOTT T F, PARK H Y, et al. Mechano-
photopatterning on a Photoresponsive Elastomer[J].
Advanced Materials, 2011, 23(17): 1977-1981.

LI Yan, LI Jin-rong, LIU Li-wu, et al. Switchable Wetta-
bility and Adhesion of Micro/Nanostructured Elastomer
Surface via Electric Field for Dynamic Liquid Droplet
Manipulation[J]. Advanced Science, 2020, 7(18): 2000772.
CHEN Long-quan, BONACCURSO E. Electrowetting-
From Statics to Dynamics[J]. Advances in Colloid and
Interface Science, 2014, 210: 2-12.

MUGELE F, BARET J C. Electrowetting: From Basics to
Applications[J]. Journal of Physics: Condensed Matter,
2005, 17(28): R705-R774.

EPSTEIN A K, WONG T S, BELISLE R A, et al.
Liquid-Infused Structured Surfaces with Exceptional
Anti-Biofouling Performance[J]. Proceedings of the
National Academy of Sciences of the United States of
America, 2012, 109(33): 13182-13187.

WARE C S, SMITH-PALMER T, PEPPOU-CHAPMAN
S, et al. Marine Antifouling Behavior of Lubricant-
Infused Nanowrinkled Polymeric Surfaces[J]. ACS
Applied Materials & Interfaces, 2018, 10(4): 4173-4182.



+ 312 -

EN TR NN

2023 4£ 10 A

[17]

(20]

(21]

(22]

DOLL K, YANG I, FADEEVA E, et al. Liquid-Infused
Structured Titanium Surfaces: Antiadhesive Mechanism
to Repel Streptococcus Oralis Biofilms[J]. ACS Applied
Materials & Interfaces, 2019, 11(26): 23026-23038.

KIM P, WONG T S, ALVARENGA J, et al. Liquid-
Infused Nanostructured Surfaces with Extreme Anti-Ice
and Anti-Frost Performance[J]. ACS Nano, 2012, 6(8):
6569-6577.

NGUYEN T B, PARK S, JUNG Y, et al. Effects of
Hydrophobicity and Lubricant Characteristics on Anti-
Icing Performance of Slippery Lubricant-Infused Porous
Surfaces[J]. Journal of Industrial and Engineering Chemi-
stry, 2019, 69: 99-105.

MA Qiang, WANG Wei, DONG Guang-neng. Facile
Fabrication of Biomimetic Liquid-Infused Slippery
Surface on Carbon Steel and Its Self-Cleaning, Anti-
Corrosion, Anti-Frosting and Tribological Properties[J].
Colloids and Surfaces A: Physicochemical and Enginee-
ring Aspects, 2019, 577: 17-26.

BOINOVICH L B, EMELYANENKO K A,
EMELYANENKO A M. Superhydrophobic Versus SLIPS:
Temperature Dependence and the Stability of Ice Adhe-
sion Strength[J]. Journal of Colloid and Interface Science,
2022, 606: 556-566.

HAO Chong-lei, LIU Ya-hua, CHEN Xue-mei, et al.

[26]

[27]

Electrowetting on Liquid-Infused Film (EWOLF): Com-
plete Reversibility and Controlled Droplet Oscillation
Suppression for Fast Optical Imaging[J]. Scientific
Reports, 2014, 4: 6846.

BAEK S, YONG K. Impact Dynamics on SLIPS: Effects
of Liquid Droplet's Surface Tension and Viscosity[J].
Applied Surface Science, 2020, 506: 144689.

SUN Yu-jin, JIANG You-hua, CHOI C H, et al. Direct
Measurements of Adhesion Forces for Water Droplets in
Contact with Smooth and Patterned Polymers[J]. Surface
Innovations, 2017, 6(1): 1-52.

BODAS D, KHAN-MALEK C. Hydrophilization and
Hydrophobic Recovery of PDMS by Oxygen Plasma and
Chemical Treatment—An SEM Investigation[J]. Sensors
and Actuators B: Chemical, 2007, 123(1): 368-373.

MAIJI D, LAHIRI S K, DAS S. Study of Hydrophilicity
and Stability of Chemically Modified PDMS Surface Using
Piranha and KOH Solution[J]. Surface and Interface
Analysis, 2012, 44(1): 62-69.

BUTT H J, ROISMAN I V, BRINKMANN M, et al.
Characterization of Super Liquid-Repellent Surfaces[J].
Current Opinion in Colloid & Interface Science, 2014,
19(4): 343-354.

ARG X

( 358 286 1)

[20]

(21]

[22]

[23]

[24]

(23]

WANG Nan, SONG Gui-hong, LI Gui-peng, et al.
Thermoelectric Properties of B-(Cu,Mn),Se Films with
High (111) Preferred Orientation[J]. Vacuum, 2022, 197:
110845.

HU Qiu-jun, ZHU Zheng, ZHANG Yue-wen, et al.
Remarkably High Thermoelectric Performance of
Cu,_,Li,Se Bulks with Nanopores[J]. Journal of Materials
Chemistry A, 2018, 6(46): 23417-23424.

LIAO Wang-wei, YANG Lei, CHEN lie, et al. Realizing
Bi-Doped A-Cu,Se as a Promising Near-Room-Tempera-
ture Thermoelectric Material[J]. Chemical Engineering
Journal, 2019, 371: 593-599.

BAILEY T P, HUI Si, XIE Hong-yao, et al. Enhanced ZT
and Attempts to Chemically Stabilize Cu,Se via Sn
Doping[J]. Journal of Materials Chemistry A, 2016, 4(43):
17225-17235.

SONG Gui-hong, LI Gui-peng, LI Xiu-yu, et al. Ther-
moelectric Performance of Copper-Rich B-Cu,Se Films
with Ag-Doping by Magnetron Sputtering[J]. Materials
Chemistry and Physics, 2021, 260: 124143.

KIM M J, LEE G G, KIM W, et al. Effects of Cl-Doping
on Thermoelectric Transport Properties of Cu,Se Prepared
by Spark Plasma Sintering[J]. Journal of Electronic Mate-
rials, 2019, 48(4): 1958-1964.

ZHAO Kun-peng, BLICHFELD A B, CHEN Hong-yi,
et al. Enhanced Thermoelectric Performance through Tun-

[28]

[29]

ing Bonding Energy in Cu,Se, S, Liquid-Like Materials
[J]. Chemistry of Materials, 2017, 29(15): 6367-6377.
ZHU Yong-bin, ZHANG Bo-ping, LIU Yong. Enhancing
Thermoelectric Performance of Cu,Se by Doping Te[J].
Physical Chemistry Chemical Physics, 2017, 19(40):
27664-27669.

SKOMOROKHOV A N, TROTS D M, KNAPP M, et al.
Structural Behaviour of B-Cu,_sSe (6 = 0, 0.15, 0.25) in
Dependence on Temperature Studied by Synchrotron
Powder Diffraction[J]. Journal of Alloys and Compounds,
2006, 421(1-2): 64-71.

BB CupSe BHEHIYAHZERE S L a-CuySe/B-CuySe FH7E
HLERBFSE[D]. Bks: HFRHER, 2015.

JIA Feng. Phase Selective Synthesis of Cu,Se and Mecha-
nism Study of the a-Cu,Se/B-Cu,Se Phase Transition[D].
Chengdu: University of Electronic Science and Techno-
logy of China, 2015.

LI Gui-peng, SONG Gui-hong, WANG Nan, et al.
Influence of Cu Content on the Phase Composition and
Thermoelectric Properties of Deposited Cu-Se Films[J].
Surfaces and Interfaces, 2022, 28: 101651.

HEREMANS J P, JOVOVIC V, TOBERER E S, et al.
Enhancement of Thermoelectric Efficiency in PbTe by
Distortion of the Electronic Density of States[J]. Science,
2008, 321(5888): 554-557.

SRS TR



