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Abstract: Unique structure (SiGe/B) based multilayer film prepared by magnetron sputtering was designed with purposes
of improving electrical conductivity and Seebeck coefficient, and reducing thermal conductivity. The multilayer film
contains 5 periods and each of them consisted of a 60-nm-thick SigyGey layer and a 0.55-nm-thick B layer. Its
thermoelectric performance was investigated and results showed that the best doping time of B was 30 s. When the
annealing temperature was 650°C, the optimized film showed greatly enhanced Seebeck coefficient up to 6.75 x 107 V/K

with decreased electrical resistivity of 1.6x107> Q-m, and the maximum power factor was 0.026 W/m-K>.
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Table 1 Sputtering rate of Si, Ge and B targets
Parameter Sputtering rate / (nm/min)
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B 1.1
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Fig. 3 XRD pattern of sample with different sputtering time of
B target
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Fig. 4 Raman spectra of sample with different sputtering time
of B target
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Fig. 5 The resistivity, Seebeck coefficient and power factor of samples with different sputtering time of B target
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Fig. 6 SEM surface views of samples with different annealing temperatures: (a) 650 °C; (b) 700 °C; (c) 750 °C
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Fig. 8 The resistivity, Seebeck coefficient and power factor of samples with different annealing temperatures

2 A AR KR T B A R i T
W, WEPRTLIEH, %%‘Eﬁdﬁlﬁ?ﬂ‘]ﬂ%, #
MTWET R, BRI, X—B%H Y5 Seebeck
APV RANTT A

2 RFERJGREE N AIERE A (g, ) RN FUREE ()
Table 2 The Hall mobility (1) and the carrier concentration (r)
of samples annealed at different temperatures

T/ C ! (m2~V71'sfl) n/m?

650 1.25% 1073 1.18 x 10%

700 6.90 x 107 1.95 x 10%

750 2.03 %1074 5.12 x 10%
YRS 100 nm B, TR Fa

T, RS2 ZBREE LA K0, |
AP RR IR A FER T Z 20, XAlfE
JE PR g LR I TS, A A A SR A ot g A e
PERE A T REMA

3 4 w

AR SCHE AT BRI S A8 T —F R SiGe/B
Z4ER, BIREEAEE 60 nm Y SigGeqo JZ AN
0.55 nm i B )2, SLIRLEREN . B BAAIES
[ AR 30 5 IR KRB 650°CHT, R BUR M
df, HAFCEEE N BHA RSP Seebeck REL, #x
FAEIEE] T 6.75 x 1074 V/K, HBHZFE/IMEER T

1.6 x 107 Q-m, HIIR A FHKAE N 0.026 W/(mK).

SE R :

[1]  WHEELER T, VON BRAUN J. Climate change impacts
on global food security[J]. Science, 2013, 341(6145):
508-513. DOIL: 10.1126/science.1239402.

150 200 250

(2]

[10]

[11]

100 150 200 250 300
Measurement temp. / °C

300 50

RIFFAT S B, MA X L. Thermoelectrics: a review of
present and potential applications[J]. Applied thermal
engineering, 2003, 23(8): 913-935. DOI: 10.1016/S1359-
4311(03)00012-7.

CECCHI S, ETZELSTORFER T, MULLER E, et al.
Ge/SiGe superlattices for thermoelectric devices grown
by low-energy plasma-enhanced chemical vapor depo-
sition[J]. Journal of electronic materials, 2013, 42(7):
2030-2034. DOTI: 10.1007/511664-013-2511-5.

LLIN L F, SAMARELLI A, CECCHI S, et al. The
cross-plane thermoelectric properties of p-Ge/SiysGey s
superlattices[J]. Applied physics letters, 2013, 103(14):
143507. DOL: 10.1063/1.4824100.

SAMARELLI A, LLIN L F, CECCHI S, et al. The
thermoelectric properties of Ge/SiGe modulation doped
superlattices[J]. Journal of applied physics, 2013, 113(23):
233704. DOIL: 10.1063/1.4811228.

JOSHI G, LEE H, LAN Y, et al. Enhanced thermoelectric
figure-of-merit in nanostructured p-type silicon germanium
bulk alloys[J]. Nano letters, 2008, 8(12): 4670-4674.
DOI: 10.1021/n18026795.

VINING C B, LASKOW W, HANSON J O, et al.
Thermoelectric properties of pressure-sintered SiggGeg,
thermoelectric alloys[J]. Journal of applied physics,
1991, 69(8): 4333-4340. DOI: 10.1063/1.348408.

WANG X W, LEE H, LAN Y C, et al. Enhanced
thermoelectric figure of merit in nanostructured n-type
silicon germanium bulk alloy[J]. Applied physics letters,
2008, 93(19): 193121. DOI: 10.1063/1.3027060.

STOIB B, LANGMANN T, PETERMANN N, et al.
Morphology, thermoelectric properties and wet-chemical
doping of laser-sintered germanium nanoparticles[J].
Physics status solid (A), 2013, 210(1): 153-160. DOI:
10.1002/pssa.201228392.

STOIB B, LANGMANN T, MATICH S, et al. Laser-
sintered thin films of doped SiGe nanoparticles[J]. Applied
physics letters, 2012, 100(23): 231907. DOI: 10.1063/
1.4726041.

CHANG H T, WANG C C, HSU J C, et al. High quality
multifold Ge/Si/Ge composite quantum dots for
thermoelectric materials[J]. Applied physics letters,
2013, 102(10): 101902. DOI: 10.1063/1.4794943.
DRESSELHAUS M S, CHEN G, TANG M Y, et al. New
directions for low-dimensional thermoelectric materials[J].
Advanced materials, 2007, 19(8): 1043-1053. DOI:
10.1002/adma.200600527.



350

HoOAE

it 944

[13]

NIKA D L, COCEMASOV A I, CRISMARI D V, et al.
Thermal conductivity inhibition in phonon engineered
core-shell cross-section modulated Si/Ge nanowires[J].
Applied physics letters, 2013, 102(21): 213109. DOI:
10.1063/1.4807389.

T, MEYEMRIT SiGe WAL £ T2 KM RERFSE[D].
KIE: RIFERHERE, 2011

MATOBA A, SASAKI K. Room temperature thermo-
electric properties of epitaxially grown Si-Ge thin films
on SOI substrates[J]. Materials transactions, 2010, 51(4):
767-770. DOIL: 10.2320/matertrans.M2009318.
MATOBA A, WATASE H, KITAI M, et al. Investigation
of thermoelectric properties of Si/Ge multilayer with ultra-

heavily B doping[J]. Materials transactions, 2008, 49(8):
1723-1727. DOIL: 10.2320/matertrans. E-MRA2008813.

{EZE T
#OE(1991-), B, Wit, FEMNF SiGe HHLHAIHFFT

i

wOE (1972-), Lo, A, WA, WA, hEB
e H AT GIEEAMSI A 3 H AN N T
HO R R AR I BT 2 JRERFFFT 51, B 322 A A e b el
FIT RE T O SE S5 & TAE .



