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Thin films of p-type (BiosSbisTes) and n-type (Bi:Tez4Sess) thermoelectric materials were

deposited on Corning glass substrates by flash evaporation technique. Seebeck coefficient, electrical
conductivity and thermoelectric figure of merit were measured at room temperature. Thin film
thermoelectric modules were fabricated using thin metallic masks, and their performances were
investigated. Peltier temperature difference developed between hot and cold junctions of module

having 5 p/n couples was recorded up to 22
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Fig. 1. Mono-couple specimens and dimensions
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Fig. 2. Multi-couple specimens and dimensions
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Table 1. Thin film fabrication conditions.

p-type I n-type | copper |constantan
evaporation method flash thermal| flash
film thickness 1 um 0.3 um
substrate temp. | 413~443K 293~313K
deposition rate | 2000 A/min 500 A/min
evaporation power 80W 150 W
annealing 473K, L hr None
mask 200 ym/bronze plate
substrate 150 um/Corning glass # 2865, #2935

Table 2. Compositions of thin films.

(at %) p-type BiosShisTes n-type Bi:TexSews
Bi 9.80 (10) 39.78 (40)
Sb 27.54 (30) -
Te 62.66 (60) 47.84 (48)
Se - 12.38 (12)
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Fig. 3. Low-angle XRD patterns of the annealed films.
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Table 3. Thermoelectric properties of the annealed
films (thickness=1 um).

p-type n-type
Seebeck coeff. (UV/K) 160 (180) —200 (—190)
Electrical cond. (Q 'em™") 610 (1000) 510 (800)
Figure of merit 10°K™) 150 (2.5) 1.92 (2.3)

( ): bulk single crystal properties
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Fig. 4. Variations of Seebeck voltage of thin film the-
rmoelectric modules (TFTEM) as a function
of temperature difference.
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Fig. 5. Variations of temperature difference of mono-
couple specimens as a function of input cur-
rent.

olw] A= —5.977X10 ', Ai=3.95437, A:=
—1.98731X 107", A:=1.103431X 1072 As= — 270104
X107, As=2.44266X10 *0)1, T:&%, E:Seebeck
Ask, 71E3 3 =298 Kelt}.

33 gudd 85y

wtd A Ajgiol] dis] 7 lege] L/W ratios &
23t JHAFE TR 3l FAHY e=E
a3 5o vepligdch, 23 1o vpehd wie} Zo)
A8 A, B, C= leg?l #HolZ} 20 mm= Z3 o]
7tz 1, 2, 3mme! Zoleh olel Wy YZEAL
23 5e4 ok ¢ glke] ol ATl o
Hits 7R, o] A 2EAHATw) 2 2] F
A (lw)= L/W ratio®l wie} o}2A] elyte)

AFFA A EEE FA31 7] wlEol BALe} i
AHLEE FA 5, A5l A o] Fd=HQ)[15-22]
< A @9 #Zo] vheld 4= gloh &, Peltier &7
s HFoA nHE d-g ZHAAo w7
(heat pumping) Wt-oll o] 1A Ao 2gt 38}
3 7 sk

Qc=0aTel — %I'R—KAT @

o714 Seebeck AT a=a—a., A7|HF R=
Rt Re, K=KptKi, HH 253} AT=Tha— Tew
el ™, ol H AL pot nd 247 pd H nd whebe



(Bi, Sb), (Te, Se); BERIIFE T2 (FEMEH: 313

20

15 b

-~

:

~i0}

) |

-2

0.5 measured Te
-~ - - calculated
ﬁ

O‘OIIIIIJJIJ_lll_l_LIAI_LJI'IAII
0 5 10 15 20 25

L/W ratio

Fig. 6. Variations of optimum current of mono-couple
specimens as a function of length-to-width ra-
tio.

ou)gic} pyH ny MEE 2 13 2] HHE
o] 7% H7|Heoze PR AA=He UAT,
dHe e ¥y Adoluz AU} A==
HEd vhet 2t 2] (2)9] A1 dFel 28] p/n
3 ¥ ol 4 A= Peltier @ 24 §9 = o]
7h Ao 2 dojdr}, A2 2= AFI s
Hhol Wbl 3= Joule g 2 A, A 249} 51282 77}
¥ st 32chy A7 Aok A3 A
BE 5ol 32N H2AR 32 dHERS
viehdic), A23kat A3Ete oA S Sk vt
o FAejch Y7 X217} HN(ATw) 7} =
= AF(1)015,16,18,21,22]= Fdake] o] ol4 &l
 223Q=0)14 A (22 ATE AFol s v
e 7 5 Qi

_ U Teotd)min
R

A (3)8 A AFohe] FAAZHE 4zl
Aio] AEFEL/W ratio’} F5%) € a7t &
Tk AE 2 Uck 23 69 L/W ratio?
Wil w2 HAAFE depligdch AL ARE
FAZ gholx, AL A (2 28 Axd e
vehd zlelot o] Iyl & 4 UKe] L/W ra-
tio?} 4% o) Do HAAAFI} stz ok
H 27 goll A ZA 2|9} Al 4bx| 2he] zlo] = Az}l

)]

Lo

30

!
— 25
x Tt = 301 K
[)]
(%]
= 20
5
£
Vs
) D
p=1
w
igm
E I
Q
s [

5 A

(AP T PWUR S WS SU S TR NS NS R S SN SN SR WA N |
%.0 0.5 1.0 1.5 2.0

input current (mA)

Fig, 7. Variations of temperature difference of multi-

couple specimens as a function of input cur-
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Table 4. Performance of TFTEMs.

L/W No. of ATwx I Po  ATow/Pa
Ratio Couple (K) (mA) (mW) (K/mW)
20/1 1 70 11 087 80
20/2 1 89 14 142 6.3
20/3 1 110 17 209 53
20/1 3 160 08 047 340
/1 5 223 04 027 826
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