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(57) ABSTRACT 

A heat exchanger for executing heat exchange betWeen heat 
exchange betWeen heat exchange bodies (6) on a heat 
radiation side and heat exchange bodies (3) on a heat 
absorption side, having loW thermal resistance and high 
performance of heat conduction includes heat exchange 
bodies 6 on a heat radiation side and heat exchange bodies 
3 on a heat absorption side, each being disposed hierarchi 
cally, thermoelectric conversion element modules 2 inter 
posed betWeen the heat exchange body 6 on the heat 
radiation side and the heat exchange body 3 on the heat 22 Pl d: D . 21 2000 

( ) 1 6 EC ’ absorption side through an insulating coat 16, and having a 

(30) Foreign Application Priority Data plurality of thermoelectric conversion elements 12, 13, 
wherein the insulating coat 16 is formed integrally on a 

Dec. 22, 1999 (JP) .................................... .. 1999-364531 Surface of at least one Of the heat exchange body 6 9n the 
heat radiation side and the heat exchange body 3 on the heat 

Publication Classi?cation absorption side, and a metal coat 17 keeping electric contact 
With a surface of the thermoelectric conversion elements 12, 

(51) Int. Cl.7 .................................................... .. F25B 21/02 13 on either the heat radiation side or the heat absorption 
(52) US. Cl. ................................................. .. 62/3.7; 62/3.2 side is integrally formed on the insulating coat 16. 
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HEAT EXCHANGER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a heat exchanger for 
conducting heat-exchange by using a thermoelectric con 
version element. 

[0003] 2. Description of the Related Art 

[0004] A heat exchanger for temperature-controlling a 
cooling medium or a chemical solution by using thermo 
electric conversion elements is knoWn. FIG. 6 of the accom 
panying draWings is a sectional vieW of a heat exchanger 
disclosed in Japanese Patent Laid-Open Publication No. 
242022/1996. 

[0005] In the draWing, the heat exchanger 1 includes a 
heat-absorbing body 3 made of aluminum, heat radiation 
?ns 19 and electronic cooling element groups 2 (hereinafter 
called “thermoelectric conversion element modules”) sand 
Wiched betWeen the heat absorbing body 3 and the heat 
radiation ?ns 19. The thermoelectric heat conversion ele 
ment module 2 includes a large number of p- and n-type 
thermoelectric conversion elements 12 and 13 that are 
mutually connected by electrodes 20 on a heat absorption 
side and electrodes 14 on a heat radiation side, each made of 
copper, for example. 

[0006] Thin insulating layers 16 each made of alumina are 
formed by anodic oxidation on the surface of the heat 
absorbing body 3 and the heat radiation ?ns 19 that oppose 
the thermoelectric conversion element module 2 in order to 
insulate mutually the electrodes 14, 14 on the heat radiation 
side and the electrodes 20 and 20 on the heat absorption side. 
Silicon grease 21 or an adhesive having high thermal 
conductivity is interposed betWeen the insulating layer 16 
and the electrode 14 and betWeen the insulating layer 16 and 
the electrode 20. 

[0007] When a current is caused to How through the 
thermoelectric conversion element module 2 in such a heat 
exchanger 1, a temperature difference occurs betWeen the 
electrodes 14 and 20 of the thermoelectric conversion ele 
ment module 2, and heat exchange is executed betWeen the 
heat absorbing body 3 and the heat radiation ?ns 19. 

[0008] HoWever, this prior art technology is not yet free 
from the folloWing problems. 

[0009] The grease 21 or the adhesive is interposed 
betWeen the insulating layer 16 and the electrode 14 and 
betWeen the insulating layer 16 and the electrode 20. Though 
the grease 21 or the adhesive has higher thermal conduc 
tivity than that of the ordinary type, its thermal resistance is 
greater than those of the insulating layer 16 and the metals. 
In other Words, its thermal resistance is high, so that a heat 
loss develops during heat exchange and heat exchange 
ef?ciency decreases. 

[0010] In consequence, performance of the heat exchange 
ability decreases, and the heat exchanger fails to control the 
cooling medium or the chemical solution to a desired 
temperature or needs greater electric poWer so as to control 
them to a desired temperature. 

SUMMARY OF THE INVENTION 

[0011] To solve the problems described above, it is an 
object of the present invention to provide a heat exchanger 
having small thermal resistance but high ef?ciency. 
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[0012] In a heat exchanger for executing heat exchange 
betWeen heat exchange bodies on a heat radiation side and 
heat exchange bodies on a heat absorption side, the ?rst 
invention of this invention for accomplishing the object 
described above includes the heat exchange bodies on the 
heat radiation side and the heat exchange bodies on the heat 
absorption side each being disposed hierarchically, and 
thermoelectric conversion element modules, each being 
interposed betWeen the heat exchange body on the heat 
radiation side and the heat exchange body on the heat 
absorption side through an insulating coat, and having a 
plurality of thermoelectric conversion elements, Wherein the 
insulating coat is formed integrally on a surface of the heat 
exchange bodies on at least one of the heat radiation side and 
the heat absorption side, and a metal coat keeping electric 
contact With the surface of the thermoelectric conversion 
elements on either the heat radiation side or the heat absorp 
tion side is integrally formed on the insulating coat. 

[0013] According to the ?rst invention, the insulating coat 
and the metal coat are integrally formed on the surface of the 
heat exchange bodies on at least one of the sides, and the 
thermoelectric conversion elements are brought into electric 
contact. In this Way, coupling can be achieved Without 
applying a material having loW thermal conductivity such as 
grease to the contact surface betWeen the heat exchange 
body and the thermoelectric conversion element. Therefore, 
heat does not pass through the material having loW thermal 
conductivity, and adhesion betWeen them can be improved, 
loWering thereby thermal resistance. In other Words, the heat 
exchanger has improved performance of heat conduction 
and can execute more ef?ciently heat exchange With loWer 
poWer consumption. The heat exchanger can also execute 
accurately temperature control. 

[0014] In the heat exchanger of the ?rst invention 
described above, the second invention of this invention 
employs a construction in Which electrodes of opposing 
thermoelectric conversion element modules are ?xed to the 
metal coat formed integrally on the insulating coat. 

[0015] According to the second invention, the electrodes 
of the thermoelectric conversion element modules that are 
produced separately are ?xed to the insulating coat and the 
metal coat formed integrally With the heat exchange body. In 
other Words, it is technically dif?cult to form the metal coat, 
to be formed on the insulating coat, to a thickness suf?cient 
for use as the electrode of the thermoelectric conversion 
element module, and the cost is high, too. Therefore, the 
production of the heat exchanger becomes easier When the 
electrodes are separately produced and are ?xed to the metal 
coat. 

[0016] Since both electrodes and metal coat are made of 
metal, they can be ?xed to each other While keeping high 
adhesion and thermal resistance is small on their contact 
surface. Moreover, When ?xing is made by metal fusion such 
as soldering, for example, the solder is a metal and has high 
thermal conductivity, and can ?rmly couple them together. 
In consequence, the thermal contact resistance becomes 
smaller at the contact positions betWeen the heat exchange 
body and the thermoelectric conversion element module, 
performance of heat conduction of the heat exchanger can be 
improved, and heat exchange can be executed more ef? 
ciently With smaller poWer consumption. When temperature 
control is conducted in this heat exchanger, control can be 
conducted more accurately. 
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[0017] Soldering is carried out at a relatively loW tem 
perature and does not invite problems such as thermal 
deformation of the heat exchange body and peel of brazing 
inside the heat exchange body. Therefore, ?xing can be 
conducted With high reliability. 

[0018] In the heat exchanger according to claim 2, the 
third invention provides a heat exchanger Wherein the heat 
exchange body on the heat radiation side and the electrode 
on the heat radiation side are ?xed to one another by 
soldering, grease having high thermal conductivity is inter 
posed betWeen the heat exchange body on the heat absorp 
tion side and the electrode on the heat absorption side, and 
they are then brought into adhesion With one another. 

[0019] According to the third invention, the heat exchange 
body on the heat radiation side and the electrode on the heat 
radiation side are ?xed to one another by soldering, and 
grease having high thermal conductivity is interposed 
betWeen the heat exchange body on the heat absorption side 
and the electrode on the heat absorption side. The effect 
brought forth by ?xing and soldering the heat exchange 
body on the heat radiation side and the electrode on the heat 
radiation side is the same as that of the second invention. 

[0020] When the heat exchanger cools a chemical solu 
tion, or the like, ?oWing through the heat exchange body on 
the heat absorption side, calories (heat) ?oWing from the 
thermoelectric conversion element module to the heat 
exchange body on the heat radiation side becomes greater 
than calories (heat) ?oWing from the heat exchange body on 
the heat absorption side to the thermoelectric conversion 
element module. Therefore, soldering is made on the side in 
Which the ?oWing calories are greater, so as to improve 
adhesion of that portion. In consequence, the thermal resis 
tance can be reduced. 

[0021] The heat exchange body on the heat absorption side 
and the thermoelectric conversion element module are 
brought into mutual contact While interposing grease 
betWeen them, and are alloWed to slide While keeping their 
adhesion. Even When the temperature difference becomes 
great betWeen the heat exchange body on the heat radiation 
side and the heat exchange body on the heat absorption side 
and the degrees of their expansion becomes different, the 
heat exchange body on the heat absorption side and the 
thermoelectric conversion element module are slidable due 
to the grease. Consequently, since any force causing distor 
tion of the thermoelectric conversion element modules does 
not act, the thermoelectric conversion element module is not 
broken and performance of thermal conduction does not 
decrease, either. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a side vieW of a heat exchanger according 
to a ?rst embodiment of the present invention; 

[0023] FIG. 2 is a detailed sectional vieW of a portion R 
in FIG. 1; 

[0024] FIG. 3 is a partial sectional vieW of the heat 
exchanger; 

[0025] FIG. 4 is a partial sectional vieW of a heat 
exchanger according to a second embodiment of the present 
invention; 
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[0026] FIG. 5 is a partial sectional vieW of a heat 
exchanger according to a third embodiment of the present 
invention; and 

[0027] FIG. 6 is a sectional vieW of a heat exchanger 
according to the prior art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0028] Preferred embodiments of the present invention 
Will be explained in detail With reference to the accompa 
nying draWings. Incidentally, like reference numerals Will be 
used in the description of the embodiments that folloW, to 
identify like constituent elements as used in the explanation 
of the prior art example and the embodiments of the inven 
tion described above, and repetition of the explanation of 
such elements Will be omitted. 

[0029] The ?rst embodiment of the invention Will be 
explained initially. FIG. 1 is a side vieW of a heat exchanger 
1 according to the ?rst embodiment and FIG. 2 is a detailed 
sectional vieW of a portion R of the heat exchanger. 

[0030] As shoWn in the draWing, the heat exchanger 1 of 
this embodiment includes heat exchange bodies 6 on the 
heat radiation side each having therein a cooling ?oW 
passage 7 for the passage of cooling Water, and heat 
exchange bodies 3 on the heat absorption side each having 
therein a chemical solution ?oW passage 5 for the passage of 
a chemical solution. 

[0031] The heat exchange bodies 6 on the heat radiation 
side and the heat exchange bodies 3 on the heat absorption 
side are disposed alternately and hierarchically. 

[0032] Each of these heat exchange bodies 3 and 6 com 
prises a metal block 3A, 6Amade of copper or a copper alloy 
and a plate 3B, 6B each having high thermal conductivity. 
As the plate 3B, 6B is put into a groove formed in the surface 
of the block 3A, 6A, each ?oW passage 5, 7 is formed. 

[0033] Thermoelectric conversion element modules 2, that 
are formed by arranging a plurality of thermoelectric con 
version elements 12, 13 into a module, are interposed 
betWeen the heat exchange bodies 6 on the heat radiation 
side and the heat exchange bodies 3 on the heat absorption 
side. A large number of p- and n-type thermoelectric con 
version elements 12 and 13 are coupled by soldering, for 
example, to electrodes 14 on the heat radiation side, such as 
a copper plate, and to electrodes 20 on the heat absorption 
side to compose the thermoelectric conversion element 
modules 2. When a current is caused to How from a control 
circuit, not shoWn, a temperature difference is created 
betWeen the electrode 14 on the heat radiation side and the 
electrode 20 on the heat absorption side so that heat 
exchange can be effected betWeen the heat exchange body 6 
on the heat radiation side and the heat exchange body 3 on 
the heat absorption side. 

[0034] Incidentally, the term “heat absorption side” used 
herein means, irrespective of cooling or heating, the side in 
Which a ?uid ?oWing inside is controlled to a predetermined 
temperature by the thermoelectric conversion element mod 
ule 2 and the term “heat radiation side” means the side in 
Which heat generated by the heat exchange by the thermo 
electric conversion element module 2 is throWn aWay. 
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[0035] A thin electric insulating coat 16 of alumina as an 
insulator is formed by plasma spraying, for example, on the 
surface of the thermoelectric conversion element module 2 
of the heat exchange bodies 6 on the heat radiation side in 
such a manner as to correspond to the portions Where the 
electrodes 14 on the heat radiation side come into contact. 
The insulating coat 16 is formed so as to avoid mutual 
short-circuit betWeen the electrodes 14 on the heat radiation 
side. 

[0036] Plasma spraying is a technical method that melts a 
poWder material (here, alumina), converts it to a plasma jet 
and causes the plasma jet to impinge against a Work (here, 
copper or the copper alloy of the surface of the heat 
exchange body 6 on the heat radiation side). When the 
material is cooled and solidi?ed on the Work, it forms the 
coat. The Work and the coat are ?rmly coupled to each other 
by the anchor effect and metal bonds etc. 

[0037] A thin coat 17 of copper, a copper alloy or nickel 
(hereinafter called the “metal coat”) is formed on the surface 
of the insulating coat 16 by plasma spraying described 
above, or other metalliZing means for example heating and 
melting a copper paste on the surface of the insulating coat 
16. 

[0038] In this case, the insulating coat 16 may be formed 
on the entire surface of the heat exchange body 6 on the heat 
radiation side, While the metal coat 17 may be formed at 
portions Where the electrodes 14 on the heat radiation side 
come into contact. 

[0039] The metal coat 17 formed over the surface of the 
heat exchange body 6 on the heat radiation side through the 
insulating coat 16 and the electrode 14 on the heat radiation 
side are ?xed to each other by soldering, forming thereby a 
solder layer 18 betWeen them. 

[0040] The alumina insulating coat 16 is formed by 
plasma spraying on the surface of the heat exchange body 3 
on the heat-radiation side on its side facing the thermoelec 
tric conversion element module 2 at those portions With 
Which the electrodes 20 on the heat absorption side come 
into contact. Grease 21 having high thermal conductivity is 
interposed betWeen the electrode 20 on the heat absorption 
side and the insulating coat 16 so as to improve adhesion and 
to bring them into mutual contact. PoWder of ceramics or 
metals and ?bers are preferably mixed With this grease 21 to 
improve thermal conductivity. 

[0041] During operation, cooling Water ?oWs through the 
cooling ?oW passage 7 of the heat exchange body 6 on the 
heat radiation side and its temperature is from several to 
about 30° C., Whereas the temperature of the heat exchange 
body 3 on the heat absorption side is Within a broad range 
of from —20 to 80° C. as the thermoelectric conversion 
element module 2 executes heating or cooling. In other 
Words, since the temperature difference is great betWeen the 
heat exchange body 3 on the heat absorption side and the 
heat exchange body 6 on the heat radiation side, the heat 
exchange bodies 3 and 6 on only one side undergo great 
expansion or contraction. 

[0042] Therefore, if all the heat exchange body 3 on the 
absorption side, the thermoelectric conversion element mod 
ule 2 and the heat exchange body 6 on the heat radiation side 
are ?xed, the thermoelectric conversion element module 2 
Will undergo distortion or peel of soldering Will occur due to 
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the difference of the degrees of expansion. To avoid this 
problem, the grease 21 is interposed betWeen the heat 
exchange body 3 on the heat absorption side and the 
thermoelectric conversion element module 2 so as to make 
them slidable. In other Words, although they adhere to each 
other, the heat exchange body 3 on the heat absorption side 
and the thermoelectric conversion element module 2 are 
alloWed to be slidable relative to each other. Incidentally, the 
insulating coat 16 may be formed in this case on the entire 
surface of the heat exchange body 3 on the heat absorption 
side. 

[0043] In a heat exchanger 1 of a type that controls the 
temperature of a chemical solution ?oWing through the 
chemical solution ?oW passage 5 to a temperature from 
several to about 40° C. in the same Way as the temperature 
of cooling Water, the temperature difference betWeen the 
heat exchange body 6 on the heat radiation side and the heat 
exchange body 3 on the heat absorption side is not much 
great. In such a case, therefore, the insulating coat 16 and the 
metal coat 17 may be formed integrally on the heat exchange 
body 3 on the heat absorption side in the same Way as the 
heat exchange body 6 on the heat radiation side, and this 
metal coat 17 may be further soldered to the electrode 20 on 
the heat absorption side. Since the grease 21 is not at all 
interposed in this case, the thermal resistance can be reduced 
more greatly. 

[0044] Fixing plates 10, 10 are ?xed to the outside of each 
heat exchange body 6, 6 on the heat radiation side. The 
?xing plates 10 and 10 are then fastened mutually by 
fastening bolts 11 disposed at four corners in a vertical 
direction in the draWing. In consequence, adhesion of the 
heat exchange body 6 on the heat radiation side, the ther 
moelectric conversion element module 2 and the heat 
exchange body 3 on the heat absorption side as Well as 
thermal conductivity, can be improved, and heat exchange 
can be conducted ef?ciently. 

[0045] Aframe 22 having O-rings 23 is disposed round the 
entire periphery of the thermoelectric conversion element 
module 2. The O-rings 23 seal the space round the thermo 
electric conversion element module 2 and prevent short 
circuit of the thermoelectric conversion element modules 2 
due to deWing. 

[0046] In the embodiment described above, insulating 
coats 16, 16 are formed integrally by plasma spraying of 
alumina, for example, on the heat exchange body 6 on the 
heat radiation side and on the heat exchange body 3 on the 
heat absorption side. Therefore, the thermal contact resis 
tance betWeen the heat exchange body 6 on the heat radia 
tion side and the heat exchange body 3 on the heat absorp 
tion side and betWeen the insulating coats 16 and 16 
becomes small. 

[0047] Metal coats 17, 17 are formed integrally on the 
insulating coat 16 by plasma spraying or fusing of the copper 
paste. Therefore, the contact thermal resistance betWeen the 
metal coat 17 and the insulating coat 16 becomes small, too. 

[0048] Since the metal coat 17 and the electrode 14 on the 
heat radiation side are soldered, they can be ?xed strongly 
to each other and the contact thermal resistance becomes 
small. Moreover, soldering can be conducted at a relatively 
loW temperature of about 200° C., and does not invite 
thermal deformation of the heat exchange body 6 on the heat 
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radiation side and peel of brazing inside the heat exchange 
body 6 on the heat radiation side. 

[0049] Only the materials having high thermal conductiv 
ity such as the metal coat 17, the alumina insulating coat 16 
and the solder layer 18 are interposed betWeen the electrode 
14 on the heat radiation side and the heat exchange body 6 
on the heat radiation side, but a material having relatively 
loW thermal conductivity such as the grease is not inter 
posed. Moreover, since these materials having high thermal 
conductivity are all integrally ?xed, they have high adhe 
sion. Consequently, the thermal resistance becomes 
extremely small betWeen the thermoelectric conversion ele 
ment module 2 and the heat exchange body 6 on the heat 
radiation side, and heat exchange can be conducted at high 
ef?ciency With smaller poWer consumption. 

[0050] The heat exchange body 6 on the heat radiation 
side and the thermoelectric conversion element module 2 are 
soldered to each other, While the heat exchange body 3 on 
the heat absorption side and the thermoelectric conversion 
element module 2 are brought into close contact While 
interposing the grease 21 betWeen them. 

[0051] When the chemical solution ?oWing through the 
chemical solution passage 5 is cooled, the relation is for 
mulariZed by the equation, Q1=Q2+W, Where Q1 is the 
calories moving from the thermoelectric conversion element 
module 2 to the heat exchange body 6 on the heat radiation 
side, Q2 is the calories moving from the heat exchange body 
3 on the heat absorption side to the thermoelectric conver 
sion element module 2, and W is poWer consumed by the 
thermoelectric conversion element module 2. In other 
Words, the greater calories Q1 moves betWeen the thermo 
electric conversion element module 2 and the heat exchange 
body 6 on the heat radiation side that moves betWeen the 
heat exchange body 3 on the heat absorption side and the 
thermoelectric conversion element module 2. 

[0052] Therefore, When the junction state betWeen the 
thermoelectric conversion element module 2 and the heat 
exchange body 6 on the heat radiation side, Where the 
greater calories Q1 moves, is improved, the overall thermal 
resistance can be reduced and the heat exchanger 1 having 
higher ef?ciency can be obtained. 

[0053] Particularly because the heat exchanger 1 using the 
thermoelectric conversion element module 2 is generally 
used for cooling the chemical solution, etc, the construction 
described above can provide a heat exchanger 1 having 
higher performance of heat conduction. 

[0054] On the other hand, in the heat exchanger 1 for 
alWays heating the chemical solution, for example, the heat 
exchange body 3 on the heat absorption side and the 
electrode 20 on the heat absorption side may be soldered to 
each other, and the heat exchange body 6 on the heat 
radiation side and the electrode 14 on the heat radiation side 
may be brought into close contact With one another While 
interposing the grease 21 betWeen them, on the contrary. 

[0055] Incidentally, there is the case Where the heat 
absorption side is soldered in the heat exchanger 1 for 
cooling the chemical solution due to the structural limitation 
of the heat exchanger 1. In such a case, too, the soldered side 
can reduce more greatly the thermal resistance than on the 
side using the grease. 

Aug. 16, 2001 

[0056] FIG. 3 shoWs another example of the embodiment 
described above. In the heat exchanger 1 shoWn in the 
draWing, the insulating coat 16 is formed by plasma spray 
ing, not on the surface of the heat exchange body 6 on the 
heat radiation side but on the surface of the electrode 14 on 
the heat radiation side. The metal coat 17 is formed on this 
insulating coat 16 by plasma spraying or fusing of the copper 
paste, and the metal coat 17 and the heat exchange body 6 
on the heat radiation side are ?xed by soldering. 

[0057] The insulating coat 16 is formed not on the heat 
exchange body 3 on the heat absorption side but on the 
surface of the electrode 20 on the heat absorption side. The 
grease is interposed betWeen the insulating coat 16 and the 
heat exchange body 3 on the heat absorption side, and these 
members are brought into mutual contact. 

[0058] This construction, too, can reduce the thermal 
resistance betWeen the thermoelectric conversion element 
module 2 and the electrode 14 on the heat radiation side, and 
similar effects can be obtained. Furthermore, it is only 
necessary to form the insulating coat 16 and the metal coat 
17 on the entire surface of the electrodes 14 and 20, and the 
coats 16 and 17 having the shapes corresponding to the 
shapes of the electrodes 20 and 14 need not be formed on the 
surface of the heat exchange bodies 3 and 6 as in the 
embodiment shoWn in FIG. 2. In other Words, the trouble of 
controlling the shapes of the coats can be saved. 

[0059] FIG. 4 is a partial sectional vieW of the heat 
exchanger 1 according to the second embodiment. 

[0060] In the draWing, an insulating coat 16 of alumina is 
formed interruptedly by plasma spraying on the surface of a 
heat exchange body 6 on the heat radiation side. Arelatively 
thick metal coat 17 having a thickness of hundreds of 
microns to several millimeters is formed on the surface of 
the insulating coat 16 by plasma spraying or metalliZing 
means such as fusing of a copper paste, or their combination. 
P- and n-type thermoelectric conversion elements 12 and 13 
are aligned on the metal coat 17 and are ?xed by soldering. 
The metal coat 17 is utiliZed as an electrode on the heat 
radiation side. 

[0061] Electrodes 20 on the heat absorption side formed of 
a copper plate are ?xed by soldering to the surface of the p 
and n-type thermoelectric conversion elements 12 and 13 
opposite to the electrodes on the heat radiation side that are 
formed of the metal coat 17. The electrodes 20 on the heat 
absorption side are brought into close contact With heat 
exchange bodies 3 on the heat absorption sides through 
grease 21. 

[0062] In this embodiment, the metal coat 17 formed 
integrally With the heat exchange bodies 6 on the heat 
radiation side by means such as plasma spraying or fusion of 
the copper paste constitutes the electrodes on the heat 
radiation side. Therefore, the heat exchange body 6 on the 
heat radiation side and the thermoelectric conversion ele 
ment module 2 can be brought into closer contact With 
higher adhesion than by using the soldering means described 
in the ?rst embodiment, and the thermal resistance can be 
much more reduced. Since the number of soldering points 
can be decreased, the problem of the deterioration of adhe 
sion of the contact surface due to inferior soldering does not 
occur, and reliability of the heat exchanger 1 can be 
improved. 
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[0063] FIG. 5 is a partial sectional vieW of a heat 
exchanger 1 according to the third embodiment. 

[0064] Heat exchange bodies 6 on the heat radiation side 
in this embodiment are formed of an aluminum alloy, and a 
cooling medium such as an anti-freeZing solution is alloWed 
to How through a cooling ?oW pass 7 inside the heat 
exchange body 6. In other Words, since Water is not alloWed 
to How inside, the heat exchange body 6 on the heat radiation 
side is not corroded even When it is formed of the aluminum 
alloy. The entire surface of the radiation-side heat exchange 
body 6 on the side of the thermoelectric conversion element 
module 2 is subjected to anodic oxidation of aluminum, and 
an insulating coat 16 of alumina is formed consequently. 

[0065] A metal coat 17 is formed by plasma spraying or 
fusion of a copper paste on this insulating coat 16 at 
positions Where the electrodes 14 on the discharge side of 
the thermoelectric conversion element module 2 come into 
contact. The metal coat 17 and the electrode 14 on the heat 
radiation side are soldered to each other. 

[0066] The heat exchange body 3 on the heat absorption 
side, too, is formed of the aluminum alloy and the insulating 
coat 16 is formed on its entire surface on the side of the 
thermoelectric conversion element module 2 by anodic 
oxidation of aluminum. 

[0067] The electrode 20 on the heat absorption side of the 
thermoelectric conversion element module 2 is brought into 
close contact With the insulating coat 16 through the grease 
21. 

[0068] In this embodiment, the insulating coat 16 of 
alumina is formed by conducting anodic oxidation of alu 
minum on the heat exchange body 6 on the heat radiation 
side and the heat exchange body 3 on the heat absorption 
side. Anodic oxidation of aluminum is simpler than plasma 
spraying of aluminum and can save troubles When producing 
the heat exchanger 1. Since the insulating property can be 
improved in comparison With the insulating coat 16 of 
alumina, the heat radiation-side electrodes 14 and 14 of the 
thermoelectric conversion element module 2 and the heat 
absorption-side electrodes 20 and 20 do not undergo short 
circuit With the result of the improvement in reliability of the 
heat exchanger 1. 

[0069] In this case, the heat exchange body 6 on the heat 
radiation side is not of the type that causes the anti-freeZing 
solution to How through the cooling ?oW passage 7. There 
fore, even When the heat exchanger 1 is of the air-cooling 
type equipped With heat radiation ?ns as in the heat 
exchanger 1 according to the prior art, the heat exchange 
body 6 on the heat radiation side can be formed of the 
aluminum alloy. As explained in this embodiment, therefore, 
the insulating coat 16 can be applied to the surface of the 
heat exchange body 6 on the heat radiation side by anodic 
oxidation of aluminum. 

[0070] In both ?rst and second embodiments explained 
above, the heat exchange body 3 on the heat absorption side 
dos not pass cooling Water, and can be formed of the 
aluminum alloy. Therefore, the insulating coat 16 on the 
surface of the heat exchange body 3 on the heat absorption 
side may be formed by anodic oxidation of aluminum in 
place of plasma spraying explained in each of the foregoing 
embodiments. 
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[0071] According to the present invention described 
above, the insulating coat 16 is integrally formed betWeen at 
least one of the heat exchange body 6 on the heat radiation 
side and the heat exchange body 3 on the heat absorption 
side and the thermoelectric conversion element module 2, 
and the metal coat 17 is formed on this insulating coat 16. 
Therefore, at least one of the pair of the heat exchange body 
6 on the heat radiation side and the thermoelectric conver 
sion element module 2 and the pair of the thermoelectric 
conversion element module 2 and the heat exchange body 3 
on the heat absorption side can be brought into mutual 
contact With high adhesion Without the necessity for inter 
posing a material having loW thermal conductivity such as 
the grease. In other Words, adhesion is improved at each 
contact position and the thermal resistance becomes small. 
In consequence, ef?ciency of the heat exchanger 1 can be 
improved, heat exchange With greater calories can be con 
ducted at smaller poWer consumption and accurate tempera 
ture control becomes possible. 

[0072] Because the metals are brought into mutual con 
tact, various coupling means other than soldering described 
in each embodiment are available, and production of the heat 
exchanger 1 becomes easier. 

[0073] In the ?rst and second embodiments described 
above, the heat exchange body 6 on the heat radiation side 
may be heat radiation ?ns 19 of an air-cooling type instead 
of the Water-cooling type heat exchange body 6 on the heat 
radiation side. 

[0074] Though the heat exchangers 1 described above are 
of the type that only cool the chemical solution or the 
cooling medium, they may be applied to the heat exchanger 
1 that heats the chemical solution or the cooling medium, by 
reversing the direction of the current of the thermoelectric 
conversion element module 2. 

[0075] Though the material of the electrodes 14 and 20 
and the metal coat 17 is copper in the foregoing explanation, 
other metals having high thermal conductivity and loW 
electric resistance can also be used and platinum, for 
example, is more preferred. 

[0076] Furthermore, diffusion bonding, for example, may 
be employed as means for forming the insulating coat. 

[0077] In the present invention, it is possible to use the 
heat exchange body on the heat absorption side as a place 
ment plate on Which a semiconductor Wafer is placed and to 
use it as a temperature regulating plate for cooling or heating 
the semiconductor Wafer. 

[0078] In this temperature regulating plate, a heat 
exchange body on the heat radiation side equipped With a 
cooling Water passage is disposed substantially parallel to, 
and beloW, the placement plate, and a thermoelectric con 
version element module is interposed betWeen them. A 
semiconductor Wafer is placed on the upper surface of the 
placement plate through a positioning pin or pins. As the 
thermoelectric conversion element module executes heat 
exchange, the temperature of the semiconductor Wafer is 
controlled. 

[0079] In the temperature regulating plate described 
above, the insulating coat and the metal coat are integrally 
formed on the surfaces of the heat exchange body on the heat 
radiation side and the placement plate as explained in the 
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foregoing embodiments. The metal coat on the side of the 
heat radiation-side heat exchange body and the heat radia 
tion-side electrodes of the thermoelectric conversion ele 
ment module are ?xed by soldering, or the like, and the 
metal coat on the side of the placement plate and the heat 
absorption-side electrodes of the thermoelectric conversion 
element module are brought into close mutual contact 
through thermal conductive grease. In this Way, there can be 
obtained a placement plate having loW contact resistance on 
the contact surface and high heat transfer ef?ciency. 

What is claimed is: 
1. A heat exchanger for executing heat exchange betWeen 

heat exchange bodies on a heat radiation side and heat 
exchange bodies on a heat absorption side, including: 

said heat exchange bodies on the heat radiation side and 
said heat exchange bodies on the heat absorption side 
being disposed hierarchically; and 

thermoelectric conversion element modules, each being 
interposed betWeen said heat exchange body on the 
heat radiation side and said heat exchange body on the 
heat absorption side through an insulating coat, and 
having a plurality of thermoelectric conversion ele 
ments; Wherein: 

said insulating coat is formed integrally on a surface of 
the heat exchange bodies on at least one of the heat 
radiation side and heat absorption side; and 

a metal coat keeping electric contact With the surface of 
said thermoelectric conversion elements on either the 
heat radiation side or the heat absorption side is inte 
grally formed on said insulating coat. 

2. A heat exchanger according to claim 1, Wherein elec 
trodes of said thermoelectric conversion element modules 
opposing one another are ?xed to said metal coat formed 
integrally on said insulating coat. 
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3. A heat exchanger according to claim 2, Wherein said 
heat exchange body on the heat radiation side and said 
electrode on the heat radiation side are ?xed by soldering, 
and said heat exchange body on the heat absorption side and 
said electrode on the heat absorption side are brought into 
close contact With one another through grease having high 
thermal conductivity. 

4. Aheat exchanger for executing heat exchange betWeen 
heat exchange bodies on a heat radiation side and heat 
exchange bodies on a heat absorption side, including: 

said heat exchange bodies on the heat radiation side and 
said heat exchange bodies on the heat absorption side 
being disposed hierarchically; and 

thermoelectric conversion element modules, each being 
interposed betWeen said heat exchange body on the 
heat radiation side and said heat exchange body on the 
heat absorption side through insulating coat, having a 
plurality of thermoelectric conversion elements; 
Wherein: 

said insulating coat is formed integrally on a surface of 
the heat exchange bodies on at least one of the heat 
radiation side and heat absorption side; and 

a metal coat keeping electric contact With the surface of 
said thermoelectric conversion elements on either the 
heat radiation side or the heat absorption side is inte 
grally formed on said insulating coat, said heat 
exchange body on the heat radiation side and said 
electrode on the heat radiation side are ?xed by sol 
dering, and said heat exchange body on the heat absorp 
tion side and said electrode on the heat absorption side 
are brought into close contact With one another through 
grease having high thermal conductivity. 


