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(57) ABSTRACT 

A heat spreader module has a pedestal, a heat spreader mem 
ber joined to the pedestal by a first active hard brazing mate 
rial, an intermediate layer joined to the heat spreader member 
by a second active hard brazing material, an insulating board 
joined to the intermediate layer by a third active hard brazing 
material, and a circuit boardjoined to the insulating board by 
a fourth active hard brazing material. The first through fourth 
active hard brazing materials are Supplied Such that the active 
hard brazing materials have a thickness ranging from 3 to 20 
um when the components of the heat spreader module are 
joined together under pressure, and contain an active element 
in an amount ranging from 400 to 1000 g/cm. 
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METHOD OF MANUFACTURING HEAT 
SPREADER MODULE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a division of U.S. application Ser. 
No. 10/807,674, filed Mar. 24, 2004, and claims the benefit of 
Japanese Application 2003-092511, filed Mar. 28, 2003, the 
entireties of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a heat spreader 
module for cooling an IC chip or the like which comprises 
semiconductors, etc. 
0004 2. Description of the Related Art 
0005 Generally, a heat spreader module for effectively 
dissipating the heat of a semiconductor device Such as an 
IGBT (Insulated Gate Bipolar Transistor) or the like com 
prises a circuit board, an insulating board, a heat spreader 
member (heat diffusion layer), and a pedestal. If necessary, 
stress dampening layers may be disposed between these com 
ponents of the heat spreader module. Heretofore, it has been 
customary to join these components with a solder layer (hav 
ing a melting point of about 250° C.). 
0006. However, the solder layers pose a large heat resis 
tance, and the manufacturing cost for the heat spreader mod 
ule is high because of two joining processes required, i.e., a 
process of brazing the circuit board and the insulating board 
to each other and a process of joining the joined assembly to 
the pedestal. 
0007. The inventor of the present invention has disclosed, 
in Japanese laid-open patent publication No. 2002-43482, a 
process of joining a circuit board, an insulating board, an 
intermediate layer, and a heat sink with an active hard brazing 
material under pressure and heat all in one sequence, leaving 
no joining layers which would pose aheat resistance. Accord 
ing to the disclosed process, a heat spreader module having a 
high thermal conductivity can be manufactured inexpen 
sively. 
0008 According to the above process of completing the 
joining of the components in one sequence, if the active hard 
brazing material is excessively supplied, then excess active 
hard brazing material is Squeezed out around the pedestal 
when the components are joined. The need to remove the 
Squeezed active hardbrazing material results in an increase in 
the manufacturing cost. 
0009. The melted hard brazing material that is squeezed 
out is brought into contact with side edges of copper plates 
that are used as the circuit board and the dampening layers. 
When the active hard brazing material and the copper plates 
contact each other, they are alloyed, and the alloyed region 
has an electric conductivity and a thermal conductivity lower 
than those of copper, or has durability increased to make the 
stress dampening capability lower than that of copper, result 
ing in a reduction in the quality of the heat spreader module. 
0010. One solution is to reduce the supplied amount of the 
active hard brazing material for preventing excess active hard 
brazing material from being Squeezed out around the pedes 
tal. However, a reduction in the supplied amount of the active 
hard brazing material tends to cause a shortage of the absolute 
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amount of active elements required to join the components, 
giving rise to a new problem in that a necessary bonding 
strength cannot be achieved. 

SUMMARY OF THE INVENTION 

0011. It is therefore an object of the present invention to 
provide a heat spreader module which does not produce 
excess active hard brazing material and achieves a necessary 
bonding strength when components of the heat spreader mod 
ule are joined, and a method of manufacturing Such a heat 
spreader module. 
0012. According to the present invention, there is provided 
a method of manufacturing a heat spreader module having a 
heat spreader member, an insulating board, and a metal plate 
which are joined to a pedestal, comprising the steps of Sup 
plying active hardbrazing materials each containing an active 
element, between the pedestal, the heat spreader member, the 
insulating board, and the metal plate, and pressing and heat 
ing the pedestal, the heat spreader member, the insulating 
board, and the metal plate to melt the active hard brazing 
materials, thereby joining the pedestal, the heat spreader 
member, the insulating board, and the metal plate together, 
the active hard brazing materials being Supplied Such that the 
active hard brazing materials have a thickness ranging from 3 
to 20 Lim when the active hard brazing materials are melted, 
the active element being contained in an amount ranging from 
400 to 1000 ug/cm. 
0013 Since the active hard brazing materials are supplied 
such that their thickness is in the range from 3 to 20 Lum at the 
time they are melted, when the pedestal, the heat spreader 
member, the intermediate layer, the insulating board, and the 
metal plate are joined together under pressure and heat, any 
amount of the active hard brazing materials that is squeezed 
out is essentially eliminated or greatly reduced. Therefore, 
the step of removing any squeezed-out active hard brazing 
material may be dispensed with, and the manufacturing cost 
of the heat spreader module may be lowered. Furthermore, 
alloying of the Surface of the metal plate, Squeezing-out of the 
active hard brazing materials onto a side edge of a copper 
plate used as a buffer layer, and a reduction in a stress damp 
ening capability due to alloying are suppressed, preventing 
the heat spreader module from being lowered in quality. 
0014. The active element is contained in an amount rang 
ing from 50 to 2000 ug/cm or more preferably 426.8 to 1358 
ug/cm. Therefore, the absolute amount of the active element 
necessary to bond the components is sufficiently obtained for 
a required bonding strength. 
0015. In the above manufacturing method, the active ele 
ment should preferably be Ti. Each of the active hard brazing 
materials should preferably comprise a hard brazing material 
containing 3 to 15 weight % of Ti. Specifically, each of the 
active hard brazing materials should preferably comprise an 
active hard brazing material of Ag—Cu-In-Ti. 
0016. In the above manufacturing method, each of the 
active hard brazing materials may be stacked as a plate or 
printed as a paste on a component to be joined, or may be 
applied as a powder mixed with a binder to a component to be 
joined. 
0017. In the above manufacturing method, an active hard 
brazing material powder which comprises a mixture of a hard 
brazing material powder free of an active element and an 
active element powder, or a paste produced from Such an 
active hard brazing material powder may be used instead of a 
hard brazing material containing an active element. The hard 
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brazing material free of an active element may comprise a 
hard brazing material of Ag Cu-In, and the active element 
may be Ti. 
0018. The heat spreader member should preferably be 
made of a composite material comprising a matrix of Carbon 
and/or Graphite Cu impregnated with Cu or Cu alloy or a 
composite material comprising a matrix of SiC impregnated 
with Cu or Cu alloy. 
0019. The active hard brazing materials may be supplied 
between the pedestal, the heat spreader member, and the 
metal plate such that the active hard brazing materials have a 
thickness ranging from 3 to 20 um when the active hard 
brazing materials are melted, and contain the active element 
in an amount ranging from 426.8 to 1358 ug/cm, and 
wherein the active hard brazing material may be Supplied 
between the insulating board and the metal plate such that the 
active hard brazing material has a thickness ranging from 3 to 
20 um when the active hard brazing material is melted, and 
contains the active element in an amount ranging from 50 to 
1000 ug/cm. 
0020. According to the present invention, there is also 
provided a heat spreader module constructed by Supplying 
active hard brazing materials each containing an active ele 
ment, between a pedestal, a heat spreader member, an insu 
lating board, and a metal plate, and pressing and heating the 
pedestal, the heat spreader member, the insulating board, and 
the metal plate to melt the active hard brazing materials, 
thereby joining the pedestal, the heat spreader member, the 
insulating board, and the metal plate together, the active hard 
brazing materials being Supplied Such that the active hard 
brazing materials have a thickness ranging from 3 to 20 um 
when the active hard brazing materials are melted, the active 
element being contained in an amount ranging from 50 to 
2000 ug/cm, or preferably from 426.8 to 1358 ug/cm. 
0021 When the components of the heat spreader module 
are joined together, no excess active hard brazing materials 
are produced, and the heat spreader module can have a nec 
essary bonding strength. 
0022. According to the present invention, there is also 
provided a heat spreader module constructed by Supplying 
active hard brazing materials each containing an active ele 
ment, between a pedestal, a heat spreader member, an insu 
lating board, and a metal plate, and pressing and heating the 
pedestal, the heat spreader member, the insulating board, and 
the metal plate to melt the active hard brazing materials, 
thereby joining the pedestal, the heat spreader member, the 
insulating board, and the metal plate together. The metal plate 
includes a marginal edge of alloy having a width within a 
range of 200 um. The alloyed region of the metal plate 
includes constituent elements of the active hard brazing mate 
rials. 
0023. With the above arrangement, the insulating board 
and other components that are positioned above and below 
the metal plate are prevented from cracking. Therefore, the 
heat spreader module is highly reliable in operation. 
0024. The above and other objects, features, and advan 
tages of the present invention will become apparent from the 
following description with reference to the accompanying 
drawings which illustrate examples of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.025 FIG. 1 is a vertical cross-sectional view of a heat 
spreader module according to an embodiment of the present 
invention; 
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0026 FIG. 2 is an enlarged fragmentary view showing an 
SiC/Cu composite material as an example of a heat spreader 
member; 
0027 FIG. 3 is an enlarged fragmentary view showing a 
C/Cu composite material as another example of a heat 
spreader member; 
0028 FIG. 4A is a vertical cross-sectional view illustrative 
of a setting step; 
0029 FIG. 4B is a vertical cross-sectional view illustrative 
of a joining step: 
0030 FIG. 5 is a vertical cross-sectional view illustrative 
of another joining step; 
0031 FIG. 6 is a cross-sectional view of a sample used in 

first through third Experimental Examples: 
0032 FIG. 7A is a perspective view showing an appear 
ance of Comparative Example C1 after its components are 
joined under pressure; 
0033 FIG. 7B is a perspective view showing an appear 
ance of Comparative Example C2 after its components are 
joined under pressure; 
0034 FIG. 8A is a perspective view showing an appear 
ance of Inventive Example E1 after its components are joined 
under pressure; 
0035 FIG. 8B is a perspective view showing an appear 
ance of Inventive Example E2 after its components are joined 
under pressure; 
0036 FIG. 9A is a cross-sectional view showing an 
alloyed state of an intermediate layer in Comparative 
Example C1 after its components are joined under pressure; 
0037 FIG. 9B is a cross-sectional view showing an 
alloyed State of an intermediate layer in Comparative 
Example C2 after its components are joined under pressure; 
0038 FIG. 10A is a cross-sectional view showing an 
alloyed state of an intermediate layer in Inventive Example 
E1 after its components are joined under pressure; 
0039 FIG. 10B is a cross-sectional view showing an 
alloyed state of an intermediate layer in Inventive Example 
E2 after its components are joined under pressure; 
0040 FIG. 11 is a diagram showing different squeezed 
amounts of active hard brazing materials with respect to dif 
ferent thicknesses of the active hard brazing materials when 
they are Supplied, as measured in a third Experimental 
Example: 
0041 FIG. 12 is a cross-sectional view of a sample used in 
fourth through sixth Experimental Examples; 
0042 FIG. 13 is a diagram showing different bonding 
strengths of heat spreader modules with respect to different 
amounts of Ti contained in active hard brazing materials, as 
measured in the fourth Experimental Example: 
0043 FIG. 14 is a cross-sectional view of a sample used in 
the fifth Experimental Example: 
0044 FIG. 15 is a diagram showing different bonding 
strengths with respect to different amounts of Tibetween an 
insulating board of SN and a circuit board of Cu and also 
between an insulating board of SN and an intermediate layer, 
as measured in the fifth Experimental Example: 
0045 FIG. 16 is a diagram showing different thermal con 
ductivities of heat spreader modules with respect to different 
amounts of Ti contained in active hard brazing materials, as 
measured in the sixth Experimental Example; and 
0046 FIG. 17 is a diagram showing bonding strengths, 
thermal conductivities, Squeezed amounts of active hardbraZ 
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ing materials, and alloyed States of intermediate layers of 
samples 1 through 23, as measured in a seventh Experimental 
Example. 

DETAILED DESCRIPTION OF THE INVENTION 

0047. A heat spreader module and a method of manufac 
turing such a heat spreader module will be described below 
with reference to FIGS. 1 through 17. 
0048. As shown in FIG. 1, a heat spreader module accord 
ing to an embodiment of the present invention comprises a 
pedestal 12, a heat spreader member 14 disposed above the 
pedestal 12, a thermally conductive layer 16 disposed on the 
heat spreader member 14, a first active hard brazing material 
18 interposed between the pedestal 12 and the heat spreader 
member 14, and a second active hard brazing material 20 
interposed between the heat spreader member 14 and the 
thermally conductive layer 16. 
0049. The thermally conductive layer 16 comprises an 
insulating board 22, an intermediate layer 24 interposed 
between the insulating board 22 and the heat spreader mem 
ber 14, a circuit board 26 of Cu or Al disposed above the 
insulating board 22, a third active hard brazing material 28 
interposed between the intermediate layer 24 and the insulat 
ing board 22, and a fourth active hard brazing material 30 
interposed between the insulating board 22 and the circuit 
board 26. 
0050. An IC chip 34 is mounted on a base layer 32 dis 
posed on the circuit board 26. Aheat sink36 made of Al or Cu 
as a heat radiator is secured by screws (not shown), for 
example, to the lower surface of the pedestal 12. The insulat 
ing board 22 may be made of AlN or SiN. 
0051. The order in which the components of the heat 
spreader module are positioned, i.e., the order of the pedestal 
12, the heat spreader member 14, the insulating board 22, the 
intermediate layer 24, and the circuit board 26, is not limited 
to the order shown in FIG. 1. Insofar as the pedestal 12 is 
positioned adjacent to the heat sink36 and the circuitboard 26 
is positioned adjacent to the IC chip 34 with the base layer 32 
interposed therebetween, each of the intermediate layer 24 
and the heat spreader member 14 may not be a single layer, 
but may be a combination of layers, and the insulating board 
22 may not be disposed directly below the circuit board 26, 
but may be disposed in any suitable position anywhere 
between the pedestal 12 and the circuit board 26. 
0052. The thermal conductivity of the heat spreader mem 
ber 14 should preferably be 150 W/mK or higher. If the 
thermal conductivity of the heat spreader member 14 is lower 
than 150 W/mK, then the heat generated by the IC chip 34 
during operation of the heat spreader module 10 is transferred 
out of the heat spreader module 10 at a lower speed, resulting 
in a poorer ability to keep the heat spreader module 10 at a 
constant temperature. 
0053. The heat spreader member 14 is made of any mate 

rial or materials as long as its thermal conductivity or coeffi 
cient of thermal expansion falls in the above range. Prefer 
ably, the heat spreader member 14 should be made of at least 
one material selected from the group consisting of SiC. AlN. 
SiN. BeO, Al-O BeC, C, Cu, Cu alloy, Al, Al alloy, Ag, 
Agalloy, and Si. That is, the heat spreader member 14 may be 
made of a single material selected from the above group or a 
composite material comprising at least two materials selected 
from the above group. For example, such a composite mate 
rial may be a SiC/Cu composite material 40 (see FIG. 2) or a 
C/Cu composite material 42 (see FIG. 3). 
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0054 As shown in FIG. 2, the SiC/Cu composite material 
40 comprises a porous sintered body 44 of Sic having open 
pores 46 impregnated with melted Cuor Cu alloy 48, which is 
subsequently solidified. 
0055 As shown in FIG.3, the C/Cu composite material 42 
comprises a porous sintered body 50 which is produced by 
preliminarily sintering carbon or an isotope thereof into a 
network, the porous sintered body 50 having open pores 52 
impregnated with melted Cu or Cu alloy 54, which is subse 
quently solidified. The C/Cu composite material 42 is dis 
closed in Japanese laid-open patent publication No. 2001 
339022, for example. 
0056. If the heat spreader member 14 is made of any of 
composite materials or alloys referred to above, the coeffi 
cient of thermal expansion and the thermal conductivity 
thereof can be controlled at a range from 3.0x10 to 1.0x10 
5/K and at least 150 W/mK, respectively, by setting a compo 
sition ratio of the constituents. 
0057 The first through fourth active hard brazing materi 
als 18, 20, 28, 30 should preferably be an active hard brazing 
material containing an active element or elements. The active 
element or elements may be at least one of elements belong 
ing to the periodic table, group 2A (IIA, 2). Such as Mg, Sr. 
Ca, Ba, Be, etc., group 3A (IIIB, 3). Such as Ce, etc., group 4A 
(IVB, 4), such as Ti, Zr, etc., group 5A (VB, 5), such as Nb, 
etc., group 3B (IIIA, 13), such as B, etc., or group 4B (IVA, 
14), such as Si, etc. In the present embodiment, the first 
through fourth active hard brazing materials 18, 20, 28, 30 
comprise a hard brazing material of Ag—Cu-In-Ti where 
Ti is an active element. 
0.058 As shown in FIG. 1, the base layer 32 comprises a 
solder layer 60 disposed on the thermally conductive layer 16 
and an Nilayer 62 disposed on the solder layer 60 for increas 
ing the wettability of the IC chip 34 with respect to the solder 
layer 60. The pedestal 12 is made of pure copper or copper 
alloy. 
0059 A process of manufacturing the heat spreader mod 
ule 10 according to the present embodiment will be described 
below with reference to FIGS. 4A through 5. 
0060 FIG. 4A illustrates a setting step. In the setting step, 
the first active hard brazing material 18 in the form of a plate, 
the heat spreader member 14, the second active hard brazing 
material 20 in the form of a plate, the intermediate layer 24, 
the third active hard brazing material 28 in the form of a plate, 
the insulating board 22, the fourth active hard brazing mate 
rial 30 in the form of a plate, and the circuit board 26 are 
placed on the pedestal 12 Successively in the order named. 
The setting step is performed in the atmosphere, for example. 
0061 FIG. 4B illustrates a joining step. In the joining step, 
the pedestal 12, on which the first active hard brazing material 
18, the heat spreader member 14, the second active hard 
brazing material 20, the intermediate layer 24, the third active 
hard brazing material 28, the insulating board 22, the fourth 
active hard brazing material 30, and the circuit board 26 are 
set, is fixedly mounted on a jig 70. The assembly is placed in 
a vacuum of 1.0x10, Torr or lower, and is pressed from 
above to join the components together while the temperature 
is being raised and lowered. The joining step thus performed 
produces an integrally joined assembly of the circuit board 
26, the insulating board 22, the intermediate layer 24, the heat 
spreader member 14, and the pedestal 12, i.e., the heat 
spreader module 10, as shown in FIG. 1. 
0062. In FIG. 4A, the first through fourth active hard braz 
ing materials 18, 20, 28, 30 each in the form of a plate are 
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employed. However, as shown in FIG. 5, the first through 
fourth active hard brazing materials 18, 20, 28, 30 may be 
employed each in the form of a paste. Specifically, the heat 
spreader member 14 that is coated with the second active hard 
brazing material 20 is placed on the pedestal 12 that is coated 
with the first active hard brazing material 18, and the inter 
mediate layer 24 that is coated with the third active hard 
brazing material 28 is placed on the heat spreader member 14. 
0063. Then, the insulating board 22 that is coated with the 
fourth active hard brazing material 30 is placed on the inter 
mediate layer 24, and the circuit board 26 is placed on the 
insulating board 22. The setting step wherein the first through 
fourth active hard brazing materials 18, 20, 28, 30 each in the 
form of a paste are applied is now completed. 
0064. In the joining step shown in FIG. 4B, the assembly 
should preferably be pressed under a pressure in the range 
from 0.2 MPa to 10 MPa. 
0065 According to the present embodiment, in the setting 
step shown in FIG. 4A or 5, the first through fourth active hard 
brazing materials 18, 20, 28, 30 are supplied in such quanti 
ties that when they are melted under pressure and heat So as to 
bejoined together, they have an average thickness in the range 
from 3 to 20 Lum. 
0.066. The amount of Ti contained in each of the first 
through fourth active hard brazing materials 18, 20, 28, 30 
should preferably be in the range from 50 to 2000 ug/cm or 
more preferably be in the range from 426.8 to 1358 ug/cm. 
0067 Since the first through fourth active hard brazing 
materials 18, 20, 28, 30 are supplied such that their average 
thickness is in the range from 3 to 20 um at the time they are 
melted under pressure and heat So as to be joined together, 
when the pedestal 12, the heat spreader member 14, the inter 
mediate layer 24, the insulating board 22, and the circuit 
board 26 are joined together under pressure, any amount of 
active hard brazing material 80 (see FIG. 7A, for example) 
that is squeezed out is essentially eliminated or greatly 
reduced. Therefore, the step of removing the Squeezed-out 
active hard brazing material 80 may be dispensed with, and 
the manufacturing cost of the heat spreader module 10 may be 
lowered. In addition, alloying of the surface of the interme 
diate layer 24 which is in the form of a metal plate is Sup 
pressed, so that the quality of the heat spreader module 10 will 
not be reduced. The circuit board 26 is often in the form of a 
thin plate having a thickness ranging from 0.1 to 0.3 mm. 
Therefore, any squeezed-out active hard brazing material 80 
that is applied to the side edges of the circuit board 26 is 
extremely small, and hence the active hard brazing material 
80 and the circuit board 26 are essentially not alloyed. 
0068. The bonding strength between the components 
depends on the amount of Ti contained in each of the first 
through fourth active hard brazing materials 18, 20, 28, 30. In 
the present embodiment, inasmuch as the amount of Ticon 
tained in each of the first through fourth active hard brazing 
materials 18, 20, 28, 30 is preferably in the range from 50 to 
2000 ug/cm or more preferably in the range from 426.8 to 
1358 ug/cm, the absolute amount of Tinecessary to bond the 
components is sufficiently obtained for a required bonding 
strength. 
0069. Seven Experimental Examples will be described 
below. In the first Experimental Example, squeezed-out states 
of the active hard brazing material 80 are observed for appear 
ance with respect to several samples (Comparative Examples 
C1, C2 and Inventive Examples E1, E2). As shown in FIG. 6, 
these samples have such a common structure that two joined 
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assemblies 82, 84 are stacked with a buffer layer 86 inter 
posed therebetween. Each of the joined assemblies 82.84 is 
constructed of the heat spreader member 14 (having a thick 
ness of 3.0 mm) made of the C/Cu composite material 42 (see 
FIG. 3), the second active hard brazing material 20 placed on 
the heat spreader member 14, the intermediate layer 24 (hav 
ing a thickness of 0.25 mm) made of Cu which is placed on the 
second active hard brazing material 20, the third active hard 
brazing material 28 placed on the intermediate layer 24, the 
insulating board 22 (having a thickness of 0.3 mm) of SN 
which is placed on the third active hard brazing material 28, 
the fourth active hard brazing material 30 placed on the insu 
lating board 22, and the circuit board 26 (having a thickness of 
0.3 mm) of Cu which is placed on the fourth active hard 
brazing material 30. 
(0070. The samples were placed in a vacuum of 1.0x10 
Torr or lower at a temperature of 830°C., and were pressed 
under a pressure of 3.5 MPa to join the components together. 
The samples were pressed for 10 minutes. 
0071. In Comparative Example C1, each of the second 
through fourth active hard brazing materials 20, 28, 30 had a 
thickness of 50 um at the time the components were joined 
under pressure. In Comparative Example C2, each of the 
second through fourth active hard brazing materials 20, 28.30 
had a thickness of 30 um at the time the components were 
joined under pressure. In Inventive Example E1, each of the 
second through fourth active hard brazing materials 20, 28.30 
had a thickness of 20 um at the time the components were 
joined under pressure. In Inventive Example E2, each of the 
second through fourth active hard brazing materials 20, 28.30 
had a thickness of 10 um at the time the components were 
joined under pressure. 
0072 The appearances of the samples after the experi 
mentation are shown in FIGS. 7A through 8B. In Compara 
tive Example C1, as shown in FIG. 7A, it can be seen a large 
amount of excess active hard brazing material 80 was 
Squeezed out when the components were pressed, with a large 
amount of active hard brazing material 80 applied to the side 
edges of the circuitboard 26 and the intermediate layer 24. In 
Comparative Example C2, as shown in FIG.7B, it can be seen 
Some excess active hard brazing material 80 was squeezed out 
when the components were pressed, with active hard brazing 
material 80 applied to the side edges of the circuit board 26 
and the intermediate layer 24. 
(0073. In Inventive Example E1, as shown in FIG. 8A, the 
amount of excess active hard brazing material 80 that was 
Squeezed out when the components were pressed is Small, 
with almost no active hard brazing material 80 applied to the 
side edges of the circuit board 26 and the intermediate layer 
24. In Inventive Example E2, as shown in FIG. 8B, no active 
hard brazing material 80 was Squeezed out when the compo 
nents were pressed is Small, with no active hard brazing 
material 80 applied to the side edges of the circuit board 26 
and the intermediate layer 24. 
0074. In the second Experimental Example, Comparative 
Examples C1, C2 and Inventive Examples E1, E2 that were 
experimented were broken vertically, and the intermediate 
layers 24 were observed about how they were alloyed and the 
insulating boards 22 were observed about how they cracked. 
The experimental results are shown in FIGS. 9A through 10B. 
(0075. In Comparative Example C1, as shown in FIG.9A, 
the intermediate layer 24 was alloyed by a depth of about 200 
um from its side edge toward the center thereof (see an 
alloyed range a1). In Comparative Example C2, as shown in 
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FIG.9B, the intermediate layer 24 was alloyed by a depth of 
about 100 um from its side edge toward the centerthereof (see 
an alloyed range a2). In Comparative Example C1, since the 
alloyed range was large, the insulating board 22 had cracks 90 
therein. 
0076. In Inventive Example E1, as shown in FIG. 10A, the 
intermediate layer 24 was alloyed by a depth of about 20 um 
from its side edge toward the center thereof (see an alloyed 
range b1). The alloyed range b1 is much Smaller than those in 
Comparative Examples C1, C2. In Inventive Example E2, as 
shown in FIG. 10B, the intermediate layer 24 was alloyed by 
a depth of about 10 um from its side edge toward the center 
thereof (see an alloyed range b2). It will be understood that 
the intermediate layer 24 in Inventive Example E2 was almost 
not alloyed. 
0077. In the third Experimental Example, the samples (see 
FIG. 6) which are the same as those in the first Experimental 
Example were measured for different amounts of squeezed 
out active hard brazing material 80 with respect to different 
thicknesses of the second through fourth active hard brazing 
materials 20, 28, 30 at the time they were supplied. The 
different amounts of squeezed-out active hard brazing mate 
rial 80 were measured by cutting off the squeezed-out active 
hard brazing material 80 and measuring the weight thereof. 
0078. The measured results are shown in FIG. 11. In FIG. 
11, plots indicated by () (:Empty Diamond) represent 
amounts of Squeezed-out active hard brazing material 80 
when a active hard brazing material containing 2.2 weight% 
of Ti was used as the second through fourth active hard 
brazing materials 20, 28, 30, and plots indicated by (:Filled 
Square) represent amounts of Squeezed-out active hard braZ 
ing material 80 when an active hard brazing material contain 
ing 7 weight % of Ti was used as the second through fourth 
active hard brazing materials 20, 28, 30. A straight-line curve 
G which is inclined upwardly to the right represents changes 
in the total weight of the second through fourth active hard 
brazing materials 20, 28, 30 when they were supplied. 
0079. As shown in FIG. 11, the amount of squeezed-out 
active hard brazing material 80 increases as the thicknesses of 
the Supplied second through fourth active hard brazing mate 
rials 20, 28, 30 increase. It can also be seen that the difference 
between the amount of Squeezed-out active hard brazing 
material 80 and the total weight of the second through fourth 
active hard brazing materials 20, 28, 30 when they were 
supplied, i.e., the amount of active hard brazing material 80 
that contributed to the joining of the components, remains 
Substantially unchanged. 
0080 Consequently, it can be understood from the third 
Experimental Example that since the weight of active hard 
brazing material 80 that contributed to the joining of the 
components remains Substantially unchanged, it is useless to 
Supply an amount of active hard brazing material in excess of 
that weight, and if an amount of active hard brazing material 
in excess of that weight is Supplied, then the intermediate 
layer 24 will undesirably be alloyed, resulting in characteris 
tic degradations. 
I0081. The fourth Experimental Example will be described 
below. In the fourth Experimental Example, different bond 
ing strengths of the heat spreader module with respect to the 
amounts of Ti contained in the second through fourth active 
hard brazing materials 20, 28, 30 were observed. 
0082 In the fourth Experimental Example, there were pre 
pared samples wherein 59.8Ag 24Cu—14In 2.2Ti (2. 
2Timaterial') was employed as the first through fourth active 
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hard brazing materials 18, 20, 28, 30 and the samples had 
respective thicknesses of 5um, 7.5um, 10um, 15um, and 20 
um when they were Supplied, and samples wherein 58Ag— 
22Cu—13In 7Ti ("7Timaterial) was employed as the first 
through fourth active hard brazing materials 18, 20, 28, 30 
and the samples had respective thicknesses of 5um, 7.5 um, 
10 um, 15um, and 20 Lim when they were Supplied. 
I0083. As shown in FIG. 12, each of the samples of the 
2.2Ti material and the 7Timaterial is constructed of the first 
active hard brazing material 18 that is placed on the pedestal 
12 (having a thickness of 2.0 mm) made of Cu, the heat 
spreader member 14 (having a thickness of 3.0 mm) made of 
the C/Cu composite material which is placed on the first 
active hard brazing material 18, the second active hard braz 
ing material 20 placed on the heat spreader member 14, the 
intermediate layer 24 (having a thickness of 1.0 mm) placed 
on the second active hard brazing material 20, the third active 
hard brazing material 28 placed on the intermediate layer 24, 
the insulating board 22 (having a thickness of 0.3 mm) of SN 
which is placed on the third active hard brazing material 28, 
the fourth active hard brazing material 30 placed on the insu 
lating board 22, and the circuit board 26 (having a thickness of 
0.2 mm) of Cu which is placed on the fourth active hard 
brazing material 30. 
I0084. The samples of the 2.2Timaterial and the 7Timate 
rial were subjected to a peel test in which terminals were 
joined to the pedestal 12 and the circuit board 26 and the 
samples were simply pulled vertically. In the peel test, the 
samples were measured for a strength at the time the joined 
Surfaces (active hard brazing material Surfaces) were peeled 
off or a strength at the time the heat spreader member 14 was 
fractured. If the joined surfaces are peeled off, then it means 
that the bonding strength is too low, and if the heat spreader 
member 14 is fractured, then it means that the bonding 
strength is high and the joined surfaces are highly reliable. 
I0085. The measured results of the fourth Experimental 
Example are shown in FIG. 13. In FIG. 13, the horizontal axis 
represents graduations for the thicknesses of the active hard 
brazing materials 18, 20, 28, 30 of the samples of the 2.2Ti 
material, graduations for the thicknesses of the active hard 
brazing materials 18, 20, 28, 30 of the samples of the 7Ti 
material, and graduations for amounts of contained Ti. 
I0086. In FIG. 13, plots indicated by D (:Empty Square) 
represent strengths at the time the joined surfaces of the 
samples of the 2.2Ti material were peeled off, and plots 
indicated by (Filled Square) represent strengths at the time 
the heat spreader member 14 of the samples of the 2.2Ti 
material were fractured. Similarly, plots indicated by 0o 
(:Empty Circle) represent strengths at the time the joined 
surfaces of the samples of the 7Timaterial were peeled off, 
and plots indicated by O (Filled Circle) represent strengths at 
the time the heat spreader member 14 of the samples of the 
7Ti material were fractured. The peeling off of each of the 
joined surfaces took place at the interface between the heat 
spreader member 14 and the pedestal 12 or the interface 
between the heat spreader member 14 and the intermediate 
layer 24. 
I0087. It can be seen from the experimental results shown 
in FIG. 13 that with respect to the samples of the 2.2Ti 
material, the joined surfaces were peeled offin all the thick 
nesses ranging from 5 to 20 um, and the heat spreader member 
14 was also fractured in the sample having the thickness of 20 
lm. 
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0088. It can also be seen that with respect to the samples of 
the 7Ti material, the joined surfaces were peeled off in the 
sample having the thickness of 5um, and that sample had a 
bonding strength of 20 MPa which is of a practical level, and 
the heat spreader member 14 was fractured, but the joined 
Surfaces were not peeled off, in all the samples having the 
thicknesses ranging from 7.5 to 20 Lum. 
0089. Of the samples of the 2.2Ti material, the sample 
having the thickness of 20 Lum contained about 420 ug/cm of 
Ti. Of the samples of the 7Timaterial, the sample having the 
thickness of 5um contained about 350 ug/cm of Ti. It can 
thus be seen that if the amount of contained Tirequired to join 
the heat spreader member 14 and the pedestal 12 to each other 
and also to join the heat spreader member 14 and the inter 
mediate layer 24 is 400 ug/cm or greater, then the bonding 
strength that is achieved is of a practical level. 
0090. The fifth Experimental Example will be described 
below. The fifth Experimental Example employed samples of 
60Ag 24.7Cu-14In 1.3Ti (“1.3Ti material”) and 
samples of the 2.2Timaterial. Each of the samples of the third 
and fourth types is constructed of, as shown in FIG. 14, the 
first active hard brazing material 18 that is placed on the 
intermediate layer 24 (having a thickness of 1.0 mm) made of 
Cu, the insulating board 22 (having a thickness of 0.3 mm) of 
SN which is placed on the first active hard brazing material 
18, the fourth active hard brazing material 30 that is placed on 
the insulating board 22, and the circuit board 26 (having a 
thickness of 0.2 mm) of Cu which is placed on the second 
active hard brazing material 20. 
0091. In the fifth Experimental Example, the samples 
were observed for different bonding strengths with respect to 
different amounts of Ti required to join the insulating board 
22 of SN and the circuit board 26 of Cuto each other and also 
to join the insulating board 22 of SN and the intermediate 
layer 24 to each other. 
0092. The measured results are shown in FIG. 15. In the 

fifth Experimental Example, the samples of the first and sec 
ond types were Subjected to a peel test in which terminals 
were joined to the intermediate layer 24 and the circuit board 
26 and the samples were simply pulled vertically. Those 
samples which had joined Surfaces peeled off were judged as 
being rejected (NG), and those samples which had the insu 
lating board 22 itself fractured were judged as being accept 
able (OK) because the bonding strength was regarded as 
being of a practical level. 
0093. It can be seen from the results shown in FIG. 15 that 
with respect to the samples of the 1.3Timaterial, the joined 
surfaces were peeled off in the sample having the thickness of 
3 um, and the insulating board 22 was fractured in those 
samples having the thicknesses ranging from 5 to 20 Jum. 
0094. It can also be seen from the results shown in FIG.15 
that with respect to the samples of the 2.2Ti material, the 
insulating board 22 was fractured in all those samples having 
the thicknesses ranging from 3 to 20 Lum. 
0095. Of the samples of the 1.3Ti material, the sample 
having the thickness of 3 um contained about 38 g/cm of Ti, 
and the sample having the thickness of 5um contained about 
63 g/cm of Ti. It can thus be seen that if the amount of 
contained Ti required to join the insulating board 22 of SN 
and the circuitboard 26 of Cuto each other and also to join the 
insulating board 22 of SN and the intermediate layer 24 to 
each other is 50 g/cm or greater, then the bonding strength 
that is achieved is of a practical level. 
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(0096. The sixth Experimental Example will be described 
below. In the sixth Experimental Example, different thermal 
conductivities of heat spreader modules 10 with respect to 
different amounts of Ti contained in the first through fourth 
active hard brazing materials 18, 20, 28, 30 were observed. 
Specifically, the samples of the 2.2Ti material and the 7Ti 
material in the fourth Experimental Example were measured 
for thermal conductivities. 
0097. The measured results are illustrated in FIG. 16. In 
FIG. 16, plots indicated by D (:Empty Square) represent 
thermal conductivities of the samples of the 2.2Ti material, 
and plots indicated by O (Filled Circle) represent thermal 
conductivities of the samples of the 7Timaterial. 
0.098 All the samples of the 2.2Ti material, and those 
samples of the 7Timaterial in which the first through fourth 
active hard brazing materials 18, 20, 28, 30 had respective 
thicknesses of 5 Lim, 7.5 um, 10um, and 15 um when they 
were supplied had thermal conductivities of 350 W/mK or 
higher. However, those samples of the 7Timaterial in which 
the first through fourth active hard brazing materials 18, 20. 
28, 30 had respective thicknesses of 20 Lum (which can be 
converted into 1300 ug/cm as the amount of contained Ti) 
when they were supplied had thermal conductivities less than 
35O WAnk. 
0099. It can be understood from FIG. 16 that if the amount 
of contained Ti is 1200 ug/cm or less, then the thermal 
conductivity that is achieved is of a practical level. 
0100. The seventh Experimental Example will be 
described below. The seventh Experimental Example serves 
as a general experiment, and was conducted to observe bond 
ing strengths, thermal conductivities, squeezed amounts of 
active hard brazing material 80, and alloyed states of the 
intermediate layer 24 of samples 1 through 23 (having the 
same structural details as shown in FIG. 12) that were joined 
under the joining conditions described below. 
0101 Alloyed states were judged as “x' if the applied 
amount of brazing material was in excess of 20 um and the 
intermediate layer 24 was alloyed by a depth of 200 um or 
greater from its side edge toward the center thereof. “O'” if 
the applied amount of brazing material was in the range from 
10 to 20 um and the intermediate layer 24 was free of an 
alloyed region beyond the depth of 200 um, and “O'” if the 
applied amount of brazing material was less than 10 um and 
the intermediate layer 24 was alloyed by a depth of 100 um or 
Smaller. 
0102 The samples were joined under a pressure of 3.5 
MPa in a vacuum of 1.0x10, Torr or lower at a temperature 
of 830° C. for 10 minutes. 
0103) The bonding strength was judged by pulling the 
samples 1 through 23 and determining whether the joined 
interfaces were peeled off (NG) or not and whether the heat 
spreader member 14 was fractured (OK) or not. 
0104. The squeezed amount of active hard brazing mate 
rial 80 was measured as follows: Attention was directed to the 
circuitboard 26 which is substantially not alloyed by an active 
hard brazing material that has been Squeezed out, and the 
amount of active hard brazing material 80 squeezed out from 
between the circuit board 26 and the insulating board 22 
positioned therebeneath was measured, after which the mea 
Sured amount was multiplied by 4. 
0105. The details of the samples 1 through 23 (the com 
positions of the first through fourth active hard brazing mate 
rials 18, 20, 28, 30, the supplied amounts of the first through 
fourth active hard brazing materials 18, 20, 28, 30, and the 
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amounts of contained Ti) and the measured results are shown 
in FIG. 17. In FIG. 17, W1 represents the supplied amounts of 
the first through fourth active hard brazing materials 18, 20. 
28, 30, W2 represents the amounts of contained Ti, um rep 
resents the thermal conductivities of the heat spreader mod 
ules 10, and him represents the squeezed amounts of the first 
through fourth active hard brazing materials 18, 20, 28, 30. 
0106 With respect to the compositions of the first through 
fourth active hard brazing materials 18, 20, 28, 30 in the 
description which follows, those materials having a compo 
sition of 60Ag 24.7Cu—14In—1.3Ti are referred to as 
“1.3Ti material', those materials having a composition of 
59.8Ag 24Cu—14In 2.2Ti as “2.2Ti material, those 
materials having a composition of 58.4Ag—23.5Cu-13. 
5In 4.5Ti as “4.5Timaterial’, and those materials having a 
composition of 58Ag 22Cu—13In 7Ti as “7Timaterial'. 
0107 First, the bonding strength in the measured results 
shown in FIG. 17 will be described below. Of the samples 1 
through 4 which employed the 1.3Timaterial, the samples 1 
through 3 are judged as “NG”, and a critical point of the 
amount of contained Tiforjudging the samples 1 through 3 as 
“NG” exists between 378.3 g/cm of the sample3 and 630.5 
ug/cm of the sample 4. 
0108 Of the samples 5 through 11 which employed the 
2.2Timaterial, the samples 5 through 7 are judged as “NG”. 
and a critical point of the amount of contained Ti for judging 
the samples 5through 7 as "NG" exists between 213.4 ug/cm 
of the sample 7 and 320.1 g/cm of the sample 8. 
0109. Of the samples 12 through 17 which employed the 
4.5Timaterial, the sample 12 is judged as “NG”, and a critical 
point of the amount of contained Ti for judging the sample 12 
as "NG" exists between 218.25ug/cm of the sample 12 and 
327.6 g/cm of the sample 13. 
0110. Of the samples 18 through 23 which employed the 
7Timaterial, no sample isjudged as “NG”, and a critical point 
of the amount of contained Ti for judging samples as “NG” 
exists below 339.5 g/cm. 
0111 Those samples which had thermal conductivities 
less than 350 W/mK include the sample 11 (whose Ticontent 
was 1067 ug/cm, the sample 16 (whose Ticontent was 873 
ug/cm, the sample 17 (whose Ticontent was 1309.5ug/cm, 
the sample 21 (whose Ti content was 1018.5 ug/cm, the 
sample 22 (whose Ti content was 1358 g/cm, and the 
sample 23 (whose Ticontent was 2037 ug/cm). 
0112 Therefore, a critical point for determining the ther 
mal conductivity of 350 W/mKexists between 873 ug/cm of 
the sample 16 and 1067 ug/cm of the sample 11. 
0113. The alloyed state of the intermediate layer 24 was 
judged as “x” in the samples 3, 10, 17, 23 where the first 
through fourth active hard brazing materials 18, 20, 28, 30 
were supplied in an amount of 29.1 mg/cm, and the samples 
4, 11 where the first through fourth active hard brazing mate 
rials 18, 20, 28, 30 were supplied in an amount of 48.5 
mg/cm. 
I0114. The supplied amount of 29.1 mg/cm for the active 
hard brazing materials 18, 20, 28, 30 may be converted into a 
thickness of 30 um at the time they are supplied, and the 
supplied amount of 48.5 mg/cm for the active hard brazing 
materials 18, 20, 28, 30 may be converted into a thickness of 
50 um at the time they are supplied. 
0115. It can be seen from the results of the seventh Experi 
mental Example that if the thickness of the active hard braz 
ing materials 18, 20, 28, 30 when they are supplied is less than 
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20 um and the amount of contained Ti is in the range from 
426.8 to 1358 ug/cm, then it is possible for the heat spreader 
module 10 to have a thermal conductivity of 350 W/mK or 
higher and a Sufficient bonding strength, and to be essential 
free of alloying in the intermediate layer 24. 
0116. Although certain preferred embodiments of the 
present invention have been shown and described in detail, it 
should be understood that various changes and modifications 
may be made therein without departing from the scope of the 
appended claims. 

What is claimed is: 
1. A method of manufacturing a heat spreader module 

having a heat spreader member, an insulating board, and a 
metal plate which are joined to a pedestal, comprising the 
steps of: 

Supplying active hard brazing materials each containing an 
active element, between said pedestal, said heat spreader 
member, said insulating board, and said metal plate; and 

pressing and heating said pedestal, said heat spreader 
member, said insulating board, and said metal plate to 
melt said active hard brazing materials, thereby joining 
said pedestal, said heat spreader member, said insulating 
board, and said metal plate together; 

said active hard brazing materials being Supplied Such that 
said active hard brazing materials have a thickness rang 
ing from 3 to 20 um when said active hard brazing 
materials are melted, said active element being con 
tained in an amount ranging from 400 to 1000 g/cm. 

2. A method according to claim 1, wherein each of said 
active hard brazing materials comprises a mixture of said 
active element and a hard brazing material. 

3. A method according to claim 1, wherein said active 
element comprises Ti. 

4. A method according to claim 3, wherein each of said 
active hard brazing materials comprises a hard brazing mate 
rial containing 3 to 15 weight% of Ti as the active element or 
a hard brazing material mixed with 3 to 15 weight% of Ti as 
the active element. 

5. A method according to claim 3, wherein each of said 
active hard brazing materials comprises an active hard braz 
ing material of Ag—Cu—In Ti or a mixture of a hard braZ 
ing material of Ag—Cu—In and an active element Ti. 

6. A method according to claim 1, wherein said heat 
spreader member is made of a composite material comprising 
a matrix of Carbon and/or Graphite impregnated with Cu or 
Cu alloy, or a composite material comprising a matrix of SiC 
impregnated with Cu or Cu alloy. 

7. A method according to claim 6, wherein said hard braz 
ing materials are Supplied between said pedestal, said heat 
spreader member, and said metal plate Such that said active 
hard brazing materials have a thickness ranging from 3 to 20 
um when said active hard brazing materials are melted, and 
contain said active element in an amount ranging from 400 to 
1000 ug/cm, and wherein said active hard brazing material is 
Supplied between said insulating board and said metal plate 
Such that said active hard brazing material has a thickness 
ranging from 3 to 20 um when said active hard brazing mate 
rial is melted, and contains said active element in an amount 
ranging from 50 to 1000 ug/cm. 
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