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Fig. 1. SEM cross-sectional images of SnS thin films with different thicknesses.
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Fig. 2. EDS elemental mapping of the 199 nm-thick SnS sample.
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Fig. 3. Temperature dependence of the Seebeck coefficient

for SnS thin film samples with different thicknesses.
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Fig. 4. Temperature dependence of the electrical conductiv-

ity for SnS thin film samples with different thicknesses.

Kl 5 R TARIERE SnS il SHudbre 2 1)
PF B AR LIE O WA SRR, Pk SnS
F14) ) 23 DR - i k3 v T LR R AT JHERRAE fh tR 3R
P 2B T R HY: 82 nm 1 199 nm JEJE SnS
TIEAE 600 K A4 3IF% 2 5/ ME 13.8 pW-cm LK 2
F115.2 pW-cm K2, S FE R AYSE, 800 nm JHAE
AR R SRR RS H7E 500 K B £ 80
SRR 4EHF, B PF A &35 29.8 pWeem LK 2
PF {E R A8 L 23 TR [RTHE T B AR
PR AS A, AR EJE Seebeck REU S FFR
TF) ) o 5 2R BT 3R P8 AR O 5 8. ZEAR TN B,
SR EWERRT LMK EE S PFE
IR AE IR EL, 92 BB I L TR A R,
#esh PF AT AE iR B B, SR 0 0
BRSO £, BT 3L PE (A MFELEREAIT.

XA H T BT Seebeck F 5 H G R
Z IS e bl A H T 3R B L T v T R
EAS ] J5E 5 A iy Seebeck 2R KUY 2 THIE— & 2
JE 2% T PFERIBRAR. 5y CHER 2, & 5
7R, 199 nm, 616 nm #1 813 nm ¥ SnS % PF

{EAE 300—600 K {5 [l N B R T B bropt, 2]
AT AR AL T BOH K 19 Seebeck REUA K IREE T,
S AR 2 AT ph it S R SR L R A
R RUESE TAEAER N, sl etk a4 i 1)
FIRE A U RON; PO, AT LAAT R0 T Bl S 80RT i
SEARAR, WAL T HRAAFERL B P PERE.

- 82 nm A 616 nm
351 —0- 199 nm - 813 nm
—— He et al.
R 30
X
7
§ o5t
2
=
o 20F
[al
15+

300 350 400 450 500 550 600
Temperature/K
5 IRJEEJEE SnS AL i D R D] 1 B AR AL G 2
Fig. 5. Temperature dependence of the power factor for SnS
thin film samples with different thicknesses.

K6 /R T 4 FAAJEBE SnS wWifE7E 300—
600 K iff B2 7 [l N A B e (5 5 S L A
k. nTLIE Y, SO 5 BRI A &,
UESE T BT R FH R A% S A 8 B T 8 R S S5 g ]
SEPE.

MIECRHLTIRE, AL B2 AT
BN R RPN 42 . i s Wiedemann-
Franz &, B AR50 FRME. B TA
i SnS R A HL TR AR LA (4018 4 FoR),
HL A T 3000 SR A BTARAR /N Y, LRl R i
SIS AR R AR A, BRI, R AT R
AL FZ A TR

B 7 A R IR B AR RO R A5 R R T,
PRI TR ] AR T AR, ELIRE 5 B /)
T2 35 R, X EZH A T 7 RSTRON
Bl R LN, 52 2 SR PR RS2 B2 B T
FE B O SRR B AR AR S e T
PP F R, AT RBEA ] 1 s G 5554,
EARHE AR, A TR R R S RN T IR
{HDZRH F I RIRE (K 5), B2EtEReIt A2
S| [F) SF R AR, X UCIAEGOR RET, ks
Sz ] S E BN ARG, AR
AP R BRI 1R S

BEAR, 7 o SnS i Y BT % bl R R 1Y

070709-5


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

Y B ¥ R Acta Phys. Sin.

Vol. 75, No. 7 (2026) 070709

1.05

0.95 |

—Vin/Vous

0.90

0.85

100 1000

1.20
1.15
1.10
1.05
1.00
0.95 |
0.90
0.85 |
0.80
0.75
0.70 r(c)

—Vin/Vous

100 1000
Time delay/ps

1.05

1.00

0.95 |

0.90

—Vin/Vous

0.85

0.80

100 1000

0.85

0.80

—Vin/Vous

0.70

0.65 |

100 1000
Time delay/ps

6 4 FWEEBERY SnS WEETE 300—600 K BT SLHE S I G AR, 250 BB ARSI RS, SO A ML (a) 82 nm;

(b) 199 nm; (c) 616 nm; (d) 813 nm

Fig. 6. Experimental signals and fitting results for SnS films with four thicknesses at temperatures ranging from 300 to 600 K. Hol-
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ity for SnS thin film samples with different thicknesses.
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SPECIAL TOPIC —Heat conduction and its related interdisciplinary areas

Studies on the thickness and temperature dependent
thermoelectric properties of SnS nanofilms
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1) (School of Energy and Power Engineering, Dalian University of Technology, Dalian 116000, China)
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Abstract

SnS as an environmentally friendly, cost-effective, and earth-abundant narrow-bandgap semiconductor
material, has demonstrated significant application potential in the field of medium-temperature thermoelectric
conversion. However, the thermoelectric performance of its bulk counterpart is inherently constrained by
intrinsic point defects (e.g., vacancies) and the material’s specific band structure. Low-dimensional engineering
has emerged as a pivotal strategy for overcoming these limitations and enhancing thermoelectric performance.
In this work, we systematically investigate the thermoelectric properties of SnS nanofilms with distinct
thicknesses (82 nm, 199 nm, 616 nm, and 813 nm) across a temperature range of 300-600 K. Measurements
were conducted using time-domain thermoreflectance (TDTR) and a dedicated thin-film thermoelectric
parameter test system (ZEM-3). Our results confirm that low-dimensionalization effectively boosts the
thermoelectric performance of SnS, with the thermoelectric figure of merit (Z7T) displaying a pronounced
dependence on both film thickness and temperature. All four SnS thin films exhibit thermoelectric performance
that is markedly superior to that of bulk SnS. This enhancement is primarily attributed to the quantum
confinement effect, energy filtering effect, and intensified phonon scattering, all of which are induced by the low-
dimensional structural characteristics. This work provides not only experimental evidence and theoretical
insights for the performance optimization of SnS nanofilms but also establishes a foundational framework for the
development of high-efficiency, eco-friendly medium-temperature thermoelectric materials, thereby holding

significant scientific value and practical implications.
Keywords: nano-film, thermoelectric material, time-domain thermoreflectance method
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