Journal of the Microelectronics & Packaging Society
Vol. 15, No. 3, p. 1-8. 2008

I

U2el7| PH2|7H (Bi,Sb)Te, ZAIte| YHEMO| 0|X1= Y
Usley - 2N’
Felojsta s A2 e

Effects of Annealing in a Reduction Ambient on Thermoelectric
Properties of the (Bi,Sb),Te; Thin Films Processed
by Vacuum Evaporation

Min-Young Kim and Tae-Sung Oh"
Department of Materials Science and Engineering, Hongik University Seoul 121-791, Korea

Z 5 FYESY) X7 AFSAY R FAE (Bi,Sb),Te; HEHe] dAEA 4 vX = TS
At FLEA71(50% H, + 50% ArollA] 300°Ce] 52 2417 fA8te] EXe|dezn
(Bi,Sb),Te; gFete] AA ol IA =N AAH A717F A F718I5 T FUEH7] FXglel ¢
& FFFro Zaol 71203k (Bi,Sb),Te; ¥H22] Seebeck A7 2] M) ~90 uV/KZH-E ~180
pV/K 02 Z7)sien) S1E9)7] Aalalel] 2lal (Bi,Sb),Te; BHte] 23 Q1) (power factor)7} 5u]ollx]
169 A& SPElon, SUR97] I8 £ (Bi,Sh),Te; 2R 18.6x10* W/KEme] Htf 28 AA=
el ot

Abstract: Effects of annealing process in a reduction ambient on thermoelectric properties of the
(Bi1,Sb),Te; thin films prepared by thermal evaporation have been investigated. With annealing at 300°C
for 2 hrs in a reduction ambient(50% H, + 50% Ar), the crystallinity of the (Bi,Sb),Te; thin films were
subsiantially improved with remarkable increase in the grain size. Seebeck coefficients of the (Bi,Sb),Te;
thin films increased from ~90 uV/K to ~180 uV/K with annealing in the reduction ambient due to decrease
in the hole concentration. Power factors of the (Bi,Sb),Te; thin films were remarkably improved for 5~16
times with annealing in the reduction atmosphere. After annealing in the reduction ambient, a (Bi,Sb),Te;
evaporated film exhibited a maximum power factor of 18.6x10"* W/K*m.,
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Table 1. Evaporation conditions of the (Bi,Sb),Tes thin

films.
Evaporation condition
Parameter
No. 1 No. 2
W boat-substrate distance (cm) 10 15
Substrate temperature (°C) 25 25
(Bi,Sb),Te; evaporation-source 05 05

weight (g)
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Table 2. Composition and Seebeck coefficient of the
(Bi,Sb),Te; evaporation source.

Bi Sb Te
76 360 564
Seebeck coefficient (WV/K) 168
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Table 3. Compositions and thicknesses of the (Bi,Sb),Tes thin films evaporated with each evaporation condition.

Composition (at%)

Evaporation condition

thickness (Um)

Bi Sb Te
No. 1 4.9 19.5 75.6 0.70
No. 2 7.0 278 65.2 0.39
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Fig. 1. X-ray diffraction patterns of the (Bi,Sb),Te; thin
films evaporated with process conditions of (a)
No.1 and (b) No. 2.
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Table 4. Thermoelectric properties of the (Bi,Sb),Te; thin
films evaporated with each evaporation condition.

Evaporation condition

No. 1 No. 2
Seebeck coefficient (WV/K) 92.0 95.3
Carrier concentration (fem®)  3.5x10%° 1.9x10%
Carrier mobility (cm?/V-s) 34 4.2
Resistivity (mQ-cm) 5.3 7.9
Power factor (x10™* W/K2-m) 1.6 1.2
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Fig. 2. Schematic illustrations for hole generation by electron excitation from valence band to acceptor level in p-type
materials of (a) high carrier concentration and (b) low carrier concentration.
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Fig. 3. SEM micrographs of the (Bi,Sb),Te; thin films
evaporated withprocess conditions of (a) No. 1
and (b) No. 2.
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Table 5. Compositions of the (Bi,Sb);Te; thin films annealed
in a reduction ambient.

Evaporation condition Composition (at%)

before annealing Bi Sb Te
No. 1 53 214 732
No. 2 74 33.0 59.5
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Fig. 4. X-ray diffraction patterns of the (Bi,Sb),Te; thin films
annealed in a reduction ambient after evaporation with
process conditions of (a) No. 1 and (b) No. 2.
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Table 6. Thermoelectric properties of the (Bi,Sb),Te; thin
films annealed in a reduction ambient.

Evaporation condition
before annealing

No. 1 No. 2
Seebeck coefficient (WV/K) 185.8 174.7
Carrier concentration (/cm®)  1.9x10" 2.4x10"
Carrier mobility (cm*/V-s) 85.7 159.3
Resistivity (mQ-cm) 3.9 1.6
Power factor (<10 W/K>-m) 8.8 18.6
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Fig. 5. SEM micrographs of the (Bi,Sb),Te; thin films
annealed in a reduction ambient after evaporation
with (a) process conditions of (a) No. 1 and (b) No. 2.

7rol 45 nm A =0l ok, EX el ojs AP Y 2
717403 um A =2 =2A Z713H3 o Table 6914
A E9171 €Al 3l BiSb),Te; vhHe] st
FTE7t At oy, Md) o] 5 =t B A F7t
skl 71308k w917 B F Fofl (Bi,Sb),Tes
whake] A 7] HlA gto] ZHAatATh.

AN LEHAT)O) wE HhEd &y
(Poma) O 213} 2] vebd o= Aot

p _ laiATz

g, max 4

re

9 Ao A 0,9} r. = 7+7] DA A2} Seebeck Al
F9} A gpolth. mpEtA] ¢ AollA F Ao &5t
2 2 ABEANES A3 o¥/p BE o’x0E
28T F Jom, HudEHo| o] 722 A
FEXQ 2R o¥p TE olxcol =31A ®
c}. Table 69l E-4&-917] A2 (Bi,Sb)Te; o
oo} 2 AAP = o¥/p)E YEP AT ©] 7he



FAEA7] SA7F (Bi,Sb),Tey T3] SRS AA = 9% 7

Table 49l A= EA 2] A (Bi,Sb),Te; F2utete]
8 0A e} vt Sufoll A 168) A= T
Rom, 2R FUE-H7] EAE 7} (Bi,Sb),Tes
FAEtE o) A% el - EAHUS ¢ 5 3
Aok FLESH7 @X el o3 EH AR} o)}
Zro] AA T RS FUES 7] EAHe 9
] Seebeck Al F7Fet A7) v)A e ATt
FAol HA sz 7] %)

T2z 28 AHg-ste] A e (BiSh),Te; T34}
2SS 97 EX A 186x10% WK me] &
HRIAE L& = U2 H, o] = bulk (Big,Sbyg),Tes
SHFoA B We 8o} 40x10% WK -m KBt}
= 2o} A9E $& & X238 Big5Sboss), Tes
FollAl B399 6.4x10* W/KZmol| H] & =% -

g

() AFZZHOZ Lo & A3 (Bi,Sh),Te;

o AFE el o] 24
B A )-8 Bl 4= T Bi,Sh),Te;
ZHakek2. (BiSh),Te; 32 Seebeck Al5=ol) H]3)
2 90 pV/K2] Seebeck A4S VERA o™,
= (Bi,Sb),Te; S34tete] &2 HatsLol 7]
3

(2) A7) (50% H, + 50% Al A 300°CS)
252 A7 @2 gol meEt (Bi,Sb),Te; BHahe]
Aol A FENeH, A4 H 2717 €4
A2 45 nmolA 03 umE ZA F7HstdTh

(3) SLEH7] @Azl 93l (Bi,Sb),Te; 52
ubeko]l A 7h 10%em® B ENA 10%em® A
T2 Ao, old wet (Bi,Sb),Te; Bk
Seebeck AlF7F €28 e ~90 pv/KEFH
~180 uV/K &2 2v) A% Z715c). SR e
71 A9 28 (Bi,Sb),Te; 2ol A3} =7}
Aot e, gt o3 =rt v A FrtskeEd)
7113t (Bi,Sb),Te; ¥Hete] A 7] HlA go] ZhAa
Eipit=g

@ L59171 A2l 93 (Bi,Sb),Te; 2Hate]
Seebeck Al] 571} A7) B A 8] AT} FA
o) WA Et=d] 718k (Bi,Sb),Te; BFEFe] &<l
A7} sl A 16u) A E A E YO H, 18.6x10%
W/K>me] FHoj £8AxE I & YAtk

HAtel =2

2 ATE AgA] A8 FEA) 490 o
s A7sIen, ol ZA=gYTh

D23

1. S. Herwarden, “Sensor applications of thermoelectric
thin films”, Proc. 16th Int. Conf. on Thermoelectrics,
p47, (1997)

2. M. Muller, W. Budde, R. Gottfried, A. Hoebel, R.
Johne, and H. Kock, “A thermoelectric infrared radi-
ation sensor with monolithically integrated amplifier
stage and temperature sensor”, Sensors and Actuators,
A54, 601, (1996)

3. A. Munoz, J. Melendez, M. C. Torquemada, M. T. Rodrigo,
J. Cebrian, A. J. de Castro, J. Meneses, M. Ugarte, E Lopez,
G Vergara, J. L. Hemandez, J. M. Martin, L. Adell, and M.
T. Montojo, “PbSe photodetector arrays for IR sensors”,
Thin Solid Films, 317, 425, (1998)

4. A. Mzerd, F. Tcheliebou, A. Sackda, and A. Boyer,
“Improvement of thermal sensor based on Bi;Tes,
Sb,Te;, and Big;Sby oTes, Sensors and Actuators, A46-
47, 387 (1995)

5. B. Liautard, G Brun, J. C. Tedenac, M. Ferhat, L. Las-
sabatere, and M. Nouaoura, “Comparative studies
between the growth characteristics of Bi,Te; thin films
deposited on SiO,, Si(100) and Si(111)”, J. Crystal
Growth, 167, 122 (1996)

6. K. Rajasekar, L. Kungumadevi, A. Subbarayan, and R.
Sathyamoorthy, “Thermal sensors based on Sb,Te; and
(szTCg)ﬂ)(BiQTe})g,o thin ﬁlﬂlS, IOI]_iCS, 14, 69 (2007)

7. L. W. da Silva, M. Kaviany, and C. Uher, “Thermo-
electric performance of films in the bismuth-tellurium
and antimony-tellurium systems”, J. Appl. Phys., 97,
(2005) 114903

8. V. Damodara Das and S. Selvaraj, “Thickness and tem-
perature dependence of electrical properties of Bi,
(Teo1Sego); thin films”, J. Appl. Phys., 86, 1518 (1999)

9.K. W. Lee, D. B. Hyun, and T. S. Oh, “Thermoelectric
properties of p-type (Bi;.Sb,),Tes thin films annealed
in a hydrogen atmosphere”, J. Korean Metals and-
Mater. Soc., 40, 333 (2002)

10.J. H. Kim, S. D. Kwon, D. Y. Jeong, B. K. Ju, S. I.
Yoon, and J. S. Kim, “Structural characteristics of
Bi,Te; and Sb,Te; films on (001) GaAs substrates
grown by MOCVD?”, 25th Int. Conf. on Thermoelec-
trics, (2006) p.411

11. K. W. Lee and T. S. Oh, “Thermoelectric characteristics
of the electroplated Bi-Te films and photoresist process

Microelectronics & Packaging Society Vol. 15, No. 3 (2008)



for fabrication of micro-thermoelectric devices”, J. with addition of BN and WO; powders”, J. Mater.
IMAPS-Korea, 14, 9 (2007) Sci., 35, 881 (2000)
122.M. Y. Kim, T. S. Oh, and J. S. Kim, “Annealing 15. M. Ohring, “Materials science of thin films”, Elsevier,
behavior of Bi,Te; thermoelectric semiconductor elec- New York (1992) Chapter 3
trodeposited for nanowire applications”, J. Korean 16.J. Horak, K. Cermak, and L. Koudelka, Energy for-
Phys. Soc., 50, 670 (2007) mation of antisite defects in doped Sb,Te; and Bi,Te;
13. W. M. Yim and F. D. Rosi, “Compound tellurides and crystals”, J. Phys. Chem. Solids, 47, 805 (1986)
their alloys for peltier cooling-A review”, Solid State 17. K. Uemura and I. Nishida, “Thermoelectric Semicon-
Electronics, 15, 1121 (1972) ductors and Their Applications”, Nikkan-Kygyo Shin-
14.1. S. Lee, T. S. Oh, and D. B. Hyun, “Thermoelectric bun Press, Tokyo (1988) p.29

properties of the hot-pressed (Big,Sbys),Te; alloy

nlolz g AL W 7)1 A &332 A 158 &35 (2008)



