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Abstract

For realizing high heat flux cooling to control the temperature of high energy consumption devices such as high
coherency laser diodes, a new idea utilizing the thermoelectric property difference of dissimilar metals has been
experimentally demonstrated. By measuring the thermoelectric potential for the thermoelectric cooling devices
composed of several kinds of metal electrode, the combination of metals has been selected to obtain the largest
thermoelectric potential. Then, the maximum value of the cooling heat flux has been experimentally obtained for the
selected composition of the thermoelectric devices utilizing dissimilar metals. The thermoelectric potentials have been
measured for the combination of three kinds of metal electrodes and n-type and p-type thermoelectric materials (TEM)
in m-shape structure accompanied with positive electrode of Pt without solder. Temperature distribution was measured
by thin film thermocouples and optical thermography. Consequently, by using the two kinds of electrode metal for the
combination of Pt (+electrode) — n-type TEM — Pd — p-type TEM—Pt (-electrode), the maximum value of the
thermoelectric potential was obtained. Furthermore, by utilizing the three kinds of metal for the combination of Pt
(telectrode) — n-type TEM — Pd — p-type TEM — Au (-electrode), a larger value of the thermoelectric potential was
obtained. With the utilization of the three kinds of dissimilar metals, maximum heat flux for the thermoelectric cooling
device has been enhanced up to 2.3 W/cm® by a factor of 1.4 compared with the case using one kind of metal.

Key Words :  Thermoelectric device, Thermoelectromotive force, Utilizing dissimilar metals, High heat flux
removal, Cooling device

i = W AkB@2@®MﬂTAﬁWS[WK]
1 %ﬁﬁﬁ%\ﬁﬂi# Wi B B [A] LV EIEOGA OMKHEVERE
L EEMEIOER TR S [m] T AEBO2QFEHOMEICTAND
0 HMEZ L OAGEE [W] B (BB D Gt DIV F [V]
R %ﬂﬁ%ﬁﬁ?‘ [Q] = (R
N ENEREL O WriEFE [m?]
T : {mf K] BT
AT AR A T IRIEE S TR E K] c : AEIRAR
Z o MREEH = o) ok h A
P (Wim.K)] 1 RREHE
p:p HBEME

ZATH 200642 A9 H, YT ¢ x— Ik ¥

FUERFRFFIE LR D AT AMEFRLFHE (KIFROIEHRKES1-1-1 305-8564)

Zﬂiiﬁﬂuﬁj\ﬁ‘c%&ﬁﬁ\/\ FeHT =ARAR—HIRIFEE v A 7 m BRI S AT A ROV — A 2R
JER (T 305-8461 FA bt < 1Tl AR 1-2-1)

Y

-27 - © 2006 The Heat Transfer Society of Japan



Thermal Science & Engineering Vol.14 No.2 (2006)

1. #

PEA - -0k, a2 —4—0DF
PEREAL « INRUL E EBT 27 DICE LB TFT A
A O R BV FE AL R %¥7v»42aﬂﬂ@@m
EFMEE AT 5 71??') i A SR R TR EE
A9~ 5 A OWFFERRR 2 HEtE ST\ 5. KEO
e RS R SIA 7323 L TV % Roadmap of LSI'Z X
% L 2006 4ETEFT A ADREEEIL 50 W/em?
&f&é T AV AR TR O U s R B AR 100
Wiem? [ICEAETHS. £, @mHAhEZ A+ —FL
—ﬁ—@ﬁém1m~wOWMn&E,&ﬁﬁ®X
IR TH 5 APS TIE 2000 W/em* FefE DA — & —T

BTN ELE LT 5.
BRI ERENT, TR O RKREFEALR

FIFRBED I HIEIZB W THEE L > TV,

BIEE T, MEMS HifiZ W CTHEIEL 7=~ A 7 1
F ¥ R K DARBNEAENE R 08 i B R BRI TS
RAENTWDER, &0 SRR~ FETE RIS
K DBRELCIXIRESHIE EORA S & 5 7= 7- 725
BN R REGR AN OFEST N TR RO BTV 5.

AWFFEIL, BIE £ THRAT 10 W/em? T2 O 2 R
BREVEEBL L CWAEVERTI2LY, L KRE2RE
MR E FHIHT 5 2 L2 EMNIC, BVERFOEE
MEHC A4 R 215 L, %E@@ﬁ_ié@ﬁ%
PEDEWE R 5 @PERE b O THEME I DUV TR
L7-.

BERBE M OBERENL, 121 FEX—Xy 7D
WREY, TR ARBIZ 188 FD L —1Y —I2 X b
BNERBEOAREMORENRITHY, 1929 4F39 ¥
T = NEROFH TAERBOMNREM ETE D
TERBRLEMICES>TWDS., BERHEIOMRE
T BT, BEMERT S TORREIZ L D8R K %
WMz, BVEMEHRSY TOY 2 — VBB % /N
B2, MREfEE Z #m ESE 280K 1 IR T

NPT ENTELL 2], LnLAans, MiEks
Hix, FFEHEOESBEMEIOERZKE L TEHS
TBY[3], £, Z DD EFITwd 5 MRER Lo
HRIIHFVBE TR, 2L, BEETOE
@ﬂéiHANmKlﬂB%Kﬁﬁu,ﬁﬁ@%ﬁ
T 14 BRETH Y, UTHEREREEHE LT
ZTy=21272 572 & LTHRRDIHIT 22 % TH Y
ﬁw/—@$?&5W%’w&f¢émw

BER T AW T 2SR OB A2 2 516k
%%éhfm&mﬁ&_iw,ﬁﬁ@@ﬁ_;5«

-28 -

Fig. 1

NTF oW ROEZIER L, AEHHOMREZR EX
BTHZEEHELELDOTH VIS, 6], EBRIME
WZE D, mAWEREM EEFGELT- b D TH 5. FFIT,
ST 2 ROERICBE LT, —EBRERL TH
HENH~NVTF 2 RAEWET DWROFTIET, &
ﬁ@ﬁﬁﬁ%@ﬁc%@énéﬁﬁﬁﬁmﬁ%ﬂ%
RO AR EEZ L 2 EEERFFEOE( &%
S DIRTF A=K — :%@éhé Ene, FEBRT—
ADIEHLOENRKEL DT LICEE L. 2
BGel LCTULT = ) 5B LI BIMRIC & 2 B FE )
(B—_w 7280 ZHEL, BEEHIO LY KX
TRAERANLT /D KL Y RERMEEFERT L2 &
nh, BEENIOLX Y KREL DA DEE RN
L, bE—% &RV ARTHEER &2 1T\ RS R O
RIC X 2% HSROE ML & TR L 7=,

RAEFHFHE

o y R—/SUMEDETE
iy V) REOREL

TIRXIREHRE
(T) = a’c/x
/_

WA RER DB

W LAUHER

EipYryin

AT (SR RERE. BINR)

EMYE

Several improving approaches of thermoelectric
devices

2. REEREAVE-RERERTFOREENHHE

B ) LT AR, IREARIC LD EE
TDFAE L, EIIZ L DEOIRA L9 FERBIFRIC
bBHZ LD, AW —J—(Onsager) DFHS EBLIZ
X0 WEOBRENFEEIND. 08—~y 7R L
~ULF RO BRI, 7V E 2 (Kelvin) D BEFR &
LEDLNTEY, HEAE L ERNPITNTNDHEHT
D, TRAF—RFLAPEEL L TOT Y frE
—RAFOERIZEHT 5 LT, ap=np/T T
F£b®sb., KT, ZoOBEFRAEFEAHL, ~L
F BB %E, BEREFERNORDIE—y
TAREL DD &R O THREFEEZ T 5.

EBCIE, BVEGEITHWLNS p B, n BIEE
MELZ, &RMECEATE n G R FEHAL, &8
e, eV TV 1 RO &R TiEi <,
2 R, 3 FREHE CAE L, By E Rt 2 e Lz,

© 2006 The Heat Transfer Society of Japan



Table 1 Thermophysical properties of experimented
materials

Work Seebeck Electrical Thermal

function coefficient resistivity conductivity

(eV) (LV/K) (uQ + cm) W/(m - K)
Ag 4.26 1.51 1.6 419
Au 5.10 1.94 2.2 293
Cu 4.65 1.83 1.7 394
Pb 4.25 -1.05 20.6 35
Pd 5.12 -9.99 10.8 75
Pt 5.65 -5.15 10.6 72
10Bi-30Sb-60Te 195 900 1.27
40Bi-54Te-6Se -205 1050 1.15
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‘Table 2 Gradient of thermoelectric potential for several

kinds of dissimilar metals (Seebeck
coefficients)
LSEMABOME  n mV/K)  pf (mV/K)
Pt-Pt-Pt 0.20 0.20
Pt-Pd-Pt 0.22 0.20
Pt-Au-Pt 0.20 0.21
Pt-(n)-Pd-(p)-Au 0.28 0.23
Pt-(p)-Pd-(n)-Au 0.13 0.12
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Fig. 2 Thermoelectric potential of combined metals
(Pt-thermoelectric material-Au)
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Fig. 3 Cooling and heating characteristics of n-type
thermoelectric devices
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Fig. 4 Experimental apparatus of thermoelectric
cooling
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Fig.5 Thermoelectric cooling characteristics
utilizing dissimilar metals
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Table 3 Gradient of thermoelectric potential for several

kinds of dissimilar metals (Seebeck coefficients)

KBy, WBoy, WBoa, Fhag,
Pt-Pt-Pt —196 196 201 —201
Pt-Au-Pt —196 203 194 —201
Pt-Pd-Pt —196 191 206 —201
Pt-n-Pd-p-Au —196 191 206 —194
Pt-p-Pd-n-Au  —203 191 206 —201
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Fig. 6 Experimental apparatus of maximum cooling
heat flux (combination of Pt-n-Pd-p-Au)
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