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SUMMARY

. Title

" Development of Thermoelectric Semiconductors.”
II. Object and Significance

The purpose of the present study 1s to develope the high
performance thermoelectric materials, which convert thermal energy
into electrical energy and vice versa, and to develope their
production technologies.

The applications of thermoelectric materials have been devided
into two areas, thermoelectric power generation(TEG) and
thermoelectric cooling(TEC). The thermoelectric power generation,
in which electromotive force can be produced by the temperature
difference between both ends of the materials, has various
advantages such as simple structural mechanics, low noise level,
high reliability and extended service life. The heat sources for
TEG can be widely selected among the low grade energy near
room temperature to high grade energy of several houndreds
degrees. Because of merits, the economical applications of the
thermo electric matenals should be increased for the purpose of
small special TEG using solar, fossil and RI energies and large

power TEG using industrial waste heat or natural thermal
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energies. From the view point of energy situation in Korea, the
utilization of various waste heat energy applying the TEG systems

should give economical merits in many ways.

On the other hands, the thermoelectric cooling 1s now actively
applied 1n the world for local cooling or precise temperature
control of electronics, optics and scientific i1nstruments. In
accordance with the rapid development of electric industries 1n
Korea, the demand for the TEC devices 1s expected to Increase
greatly and many of new TEC devices will be developed for direct

energy Cconversion processes. In consideration of the above
mentioned aspects, the importance of present study to develope the
production technologies of high performance thermoelectric

materials 1s enough to be stressed.
Ill. Scope and Contents

Commercially used thermoelectric materials can be classified
into three catagories according to temperature ranges of heat
sources.: Fe;-xM,Si2 silicide compounds for high temperature
range, IVp metal (Pb, Ge, Sn) tellurides for intermediate
temperature range, and Vg metal (Bi, Sb) tellurides for low
temperature range. We already developed p-type materials with
composition of 25% Bi;Te3~70% SbTe;~5%SbSez+ 3 wt.9% Te

and n-type material with composition of 85% Bi:Te3—15% SbzSes
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+0.03wt?6 CuBr. However, their thermoelectric properties were a
little inferior to foreign one’s thermoelectric properties, so this year
we focused our study on the development of high performance
thermoelectric materials which have higher figure of merit than
that of foreign thermoelectric materials. Additionally we tried to
grow large diameter ingot under the DC to modify uregular
properties along the across of the 1Ingot diameter. The main
contents of this study include the effects of dopants on
thermoelectric properties of n-type BizTes;-Bi:Ses alloys and p-type

Bi:Tes—SbhsTes solid solutions.

V. Results and Conclusions

1. Considering material factor B= (L/Kg).(m"/mo)¥?, we found most
promising composition of p and n-type thermoelectric matenals
with adequate doping which can be used as room temperature
‘thermoelectric cooling mateﬁal by adequate doping.

p-type :22.526Bi1:;Tes-77.5%ShbTe;s

n-type . 90%Bi12Tez— 102%6B1:Ses

2. Figure of merit can be raised by optimum doping as follows
p-type :22.5%BixTes3-77.5%Sh;Tes +5wt% excessTe

n-type : 90%B1,Tes— 10%Bi12Sez +0.15wt% Cdl:
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3. By optimizing process parameters, we could make high quality

thermoelectric materials whose figure of merits and growing

conditions are follows.
p—-type @ temperature gradient; higher than 150TC

growing speed of ingot, lower than 0.lmm/min
inot size; 13mm ¢ x170mmL
figure of merit: 2.95 x 10 K

n-type . temperature gradient; higher than 150C

growing speed of ingot; lower than 0.lmm/min

inot size; 13mm ¢ x150mmlL

figure of merit: 29 x 107 K™

4. Thermoelectric properties of 22mm¢é ingot grown without DC

were lrregular along the diameter of the ingot.

b. Irregularity of thermoelectric properties along the diameter of
ingot were disappeared when the ingot was grown under DC. But

it's figure of merit was decreased due to reduced electrical

resistivity.
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Aol Fated 2xa7 S W AV EE sl B Y
Gt Seebeck AU Fo2 AME OE ARY 4o FAFIAFTS
Y FUS 9 FLA= Fdol HE M= Edo] dojus
Peltier A%+ & AREH <A oy o33 @AAEE AR
&9 Ao tjEo] Aol AT QAANREY AZXI}L FFeHAAEA
AEstERen] dHATHALAE o] &3 dAAYA o AL R HAYA
o] 349 AXIAYGYE o] 83 AT AAFF FHZH dZgEok
ol dAAMEL o]§o] A AFE ¥ UY. dAHAMEE A sl
BdEoly dHYEE S5/ M2 oY 1A FHE 23 o ALE
2o o} A8 AeE 128 dAARE ERY F Ut o)F A
<8 dAAFES L dAHH o2 bismuth telluridedl 1A T Fol
M AALAEET HAR He 2AS 7|28 33 A7 HAS ¢
71383 AVNAEEE ZEE charge carrier? %2 dopantol 93l =
Ao 2N ASAFE U] 3= Wgo s olFo] Xz ). gt
= FAAME 22N HdsATr HHE He AAAEAE 44A
79 /MLE FEZ 39 py % n¥ dAARY EAA LJALEA
4 R cariersgx= HAH3} XS I ARAZHSEM zone
melting¥ ol g G@Z2AZALY R SAQAEFY HAHZ o] #HIo G
3t}
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e,

18 NSNS Hos =

dAAMEY ALEA AEe AAMIRES ofd g ZLE ol
o3t ddAMRe dV1AY, A, R dAEx &y 4
2-13 #Zo] BelH= Aol vastA |,

(7h) A& Fezte Hd ddE E7 HAAE 71dH LS Aokgo

(W) Az ¢Ee 2=4E FA7] A3t ddEEE Folok
3ot

(th) JouleH & H22 87 9siXE Asju g e zojof i},

Z = a’ 0 /K - (2-1)

HY A7MA dHEA FEL A ¥ carrierd] Fxo] o Ed v #
A carrier #x0 ©& WAl M2 X FAFAFE HUE
3t HAHY ZFAF carriers =7 €A8A €9, A AL F
A3l ™A ¢4 dopingol 93t carrier TEE Ao sl FrjAHH
A7I8A%e 2437 oA carrier 9% SHHOoE AFAF

€ HUZE 3l ZAHS Folol st=d o]E YsiAE 4 (2-2)E A9

20



9 BEE 71F ZA e AL Folof . aF o] F A
carriers =& AHAs A zAFozHN ASAFE Hd3t AN F
A @},

Z o B= (WKw).(m'/my)¥*  ——---——- (2-2)

o 7] A, W ; mobility of charge carrier
Kons lattice thermal conductivity
m’; effective mass of charge carrier

m,, free electron mass

2-22 A AR} dAERE Kpv A dAdEZA A7IHAZoE
2 EH F3+ charge carrierdl 9% GAZTE Kg& W Frolx
1.(m"/mo)¥4e AN AE 471438 o ZHE Fermi-Dirac T4
HAEeoq 3 +F Ao 3H pIARY B+ A2oAM AFSFEA

Foty AAANZAES pIY EAERES WY M2 &
A ¥gaE 59 £ 9 random mass fluctuationol] &3t A=A A
EEE Y F UE BixTes-ShTezE 7IEAZ A"y M o
723  BiTes-Sh.TesAlolA AALAEE (k)=  25%BiTes
-75%Sb;Te; & ZAAA 7HF 22 & Jeluuey 4
charge carrier3! A & (positive hole)?] &E7} F LA EHH 3L BizTes
richdt @AM AT FA &3S AT v Y. 23822
2 dFoAM = 25%BiTes-75%ShTes T £ F SbeTes rich¥ £
Aol o] 2-22419] LHFA AANIHAEEE AYFu.(m"/mo)”* %

HHE s ZAgo detd carriers T & Aodd FOoEHN A FA
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& Hois sz gk, a8E BiTe;Al dAAMEE A4S
o] oMol derne WY SAHAYULE AUE Axsn FA
B Aol Wgoz 24 ZR%YT. o) W ©AA ingotd) YIFE
AL FALE7 900°CQ) Bridgman Zel4 4Z & X & 0.05mm/min
o]m RAAWE] LETFHE 35°CoIAT. Ingotd) AREHE Ao
ol et 223t 4 Jomz AR F& 60grozZ IAAAIIR A
B2 ¥ ingotd] 3G E2HE 3em¥-ZolA AMFH3}A dJEHS
SAsRY. A uIMAE n¥ ARAAME HFALEFH A AA
AAHoez nYo dHEAHE /HAH AT ZE7F BiTes} FL3HH
A& AEAE o)FE BiSer® H7hetel HAo AAEANE 2E AL
AR ¥ dopant®] F7bel 93t ASAFE HA3 FA 3.

q 23 pd Az 2FHZTY =A

M AT AR1-2] 25%Bi;Tes-75%Sh;Tes 29 ZAANME AR
JAEEs} AVHoz 12 WmKY U4% e e ged
Sb;Te; o) ZA L 75%°14 82.5%7hx WA 7™M AA w(m*/mo)* 3k
g 7] s 974G % AAMALE A% ANY AHE 2
d-1o] et A a¥-19 A& 25%BizTes—75%Sb;Te; =43
& Testardy[3]5 9 47148 ¥ 2 w(m/my) @2 2 4
Pl A SbyTe; & ¥& T5%c1A 825%74 % WHARE We) gk} vl
% %e DR o ¥29 AL ZAURY TGRME A
2-19} Bakol A M3 HAE #Se ¥eFT AHLE ShyTest
75-825%) ZARAAME RS A2 i 2AHo FAA Ygo
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g 9 84%F9Y F9 defectl] antistructureE 3} Y Y TeH 7}
ol3] & FTozHN AT FEE ZXAHIYESE W AHAEARES JHFE

st 24e 2ok AF9 4oz MY sua ok

2-1-1 X 7|d| X & (electrical resistivity)

Rt A o) A7 A derHor =7t Aol w2t 7t
0ot dAXE o] Ao A4 &= valence band9 carrier’} conduction band
2 A Ar|Ho} #AAIe AEES JEHEY A28 At A oA
= ol HAZvAFY #AAV Ugde 2571 42H o Folof =
Hl AP A3 ShTes & ZAHE 75%0A 825%7HA WAl 7| Y
o] Tegd 6wt%7tA H7FetdE& @ BixTes-SbeTe; AlY & FA
AA A7 Ao ZFae 450Ko) oA yetst. z2t 24 it
H}ge Te AHZMZFES 23S o 300KIAM9 HAZ|vlA}HE
2¥-20] YeEtUAT. AHAZuARE HYge Te H7Zol F7rE ol
o2t F7i3toirl H A G GolA Ted FH7b#Fo] 6wtXkoldd W=
3y #HATE B FUT ol Te H7MEFl F71dol W2}t charge
carrier& ¥ €3l antistructure defect® E. 4 (compansation)3t™ =
AFTd7E B Ted 4ol UF WolA FaA2E7F RopA A HET
Sb-TeAl ol A 2] Sbh,Te; ¥ vlAH AHEE HTH retro grade-
solidus line€& 7FX 2 Z2[4], SbyTes ¢] rich¥ ¥ Ao A4+ retro grade
solidus line ¢ F&¥S =2 Teol YUF HFox HIIHAS W Te 9
85XV 238 A3 antistructure defectE FB.4(compansation)
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3t F717F €7 HEQ] Re2 F5E49. A7i¥|A»¥ ;=2 0.3-1.0
mAcmB LY #FE& ZAed oEHOoE ATAFE HUE e
10mcm AEY #*LS 25%BiTes-75%ShTes Aol 22.5%BizTes
-77.5%Sb;Tesx Aol TeE % 5wttt A7I3E W 4L ¢+ AU
TR 22 Fo HY Teol A7 4§ BiTes®l &o] & =

HAZ A7|vjAgge] & A& € F Ud=d ol €4 BiTesd A5
T &S Tes Bt} carrierd] ¥4l A3 F FFEL AL EAE Y3
2% Vegardyd o]l 4 ¥3ld BipTes] ¥°l 571 &4 F carrierd %°]
A2 e Aoz Age + U

Ad tf",__]_.-:"r:E.

ﬂ

2-1-2 @ 7| ™% (Seebeck coefficient)

7148 E Qg o LA A4 2 Wy 22eH
Aedite] &xat9e] H|2A Heat Pulse&[5] o] 83t A3
o, 2¥-39 Z} AN Y HY Ted Hrtol 2 F2oA 9 47)
AE ¥3E Yo} durzog grjdge) W gAe Ay A
g3 vixd AEE Jellly B AR 720l SboTes?t richd < 9
ol Ted] HJH7TZo] ¢ BE AFodle 249 H3y %Y
Tej FH7tol w2t M7 AEere} & va AT FFgS Ko
A= @3 A, oje d71dg9 A% Addxdel ot v A7 F
FLEE T+ B HFE 7IAeg 2Astes A3E Aady. a8y
ANt A 2HEA ALY F59 oA E Fd Te
o] 7ol FINESFE d7)"HHo) F71E}rl 6wt%olde A+
SboTes7t A2 A E71dgo] ZA%7] AIHES & + U
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260 s 5
© 75 mol% Sh,Tea itf ¢

240 | TS S ot oo
O 77.5 mal% Shx Tes i g

220 =

A 80 mol% SbaTea : >
¢ 825 mdi% Sh; Tes }v‘(f o

Seebeck coeff., uV/K

Excess Te (wt.%)

(1§, 3] =A% HYdTe 7132 ¥ & dr71dg 9 W3
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T3 Y Te F7EFol &L 7% BiTesd| 40l B2 2AHIF=F
7= AU AR H AR AR ReE & 7 AH. )&
Hoz ATATE HAE e 71335 A 200u0V/K o< 27 S
AWM HAT HY Tedol awtkoldS EHojo gt ZES AU
.

2-1-3 ¥ M E T (thermal conductivity)

FHdxx+¥ HarmanHo] g3l SHE A7Iv) A& A5 A3
9} Heat Pulse o2 AT A7AH IS diAdstq Akl i +
). dulF o g v Ao dAREE AR 93t dAEE K,
charge carrierd] 93 dAx % k.9 Foly 129 H A A= valence
band®} conduction band %%l A carrier® ambipolar conduction®l
A3 Kam® o] FIUIHA Y. T F2AA Kamd ol HAY
YA HE HY Te o Hsd wet AAIAAREE A Ro=
AT & Ao, TE-59 K@t JA dHERAA A7 Ao R
FEH 78 kg2 W gtoz AnAozg 12 W/mKe 943 & 7HE
& & F Uded oje o] FZ9 XAHdAME AAME & AHAZAYE
AxXx7F 24 ¥3stA] Fe€ BAFrt dA EAdEEE IH-499
e wpot Zo] Y Ted Fol AA3Z}AHY SheTes ol & £AHY
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C = 0y + 02 - (2-4)

0, , d4; , electrical conductivity and seebeeck coefficient of valence
band

02 , d2 , electrical conductivity and seebeeck coeffcient of

conduction band
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Figure of merit, K'! X 103
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