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DESCRIPTION 

SEMICONDUCTOR APPARATUS 

AND METHOD FOR PRODUCING THE SAME 

5 

Technical Field 

The present invention relates to a semiconductor apparatus. In 

particular, the present invention relates to a semiconductor apparatus in 

which a flip-chip packaging technique is used and a method for producing 

10 the same. 

Background Art 

Recently the semiconductor element has become increasingly 

integrated, the size of the semiconductor apparatus has become miniaturized 

and the pitch between the connecting terminals has become narrower. 

15 Under these circumstances, the semiconductor apparatus in which the flip­

chip packaging technique is used has been developed more and more. 

Hereinafter, one example of semiconductor apparatus in which the flip-chip 

packaging technique is used will be explained, referring to the figures. 

FIG. 9 is a sectional view showing a semiconductor in which the flip-

20 chip packaging technique is used. An aluminum electrode terminal 102 is 

formed on the semiconductor element 101. The area of the semiconductor 

element other than where the aluminum electrode terminal 102 is formed is 

covered with an insulating film 103 composed of Si oxide film, Si nitrogen 

film and the like. On the aluminum electrode terminal 102, a projected 

25 electrode 104 composed of conductive metallic material such as Au or Cu and 

the like is formed. On the other hand, a desired circuit pattern 106 and an 

electrode terminal 107 are formed on the principal surface of circuit 

substrate 105 composed of insulating material such as resin, ceramic or glass 
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and the like. The electrode terminal 107 is connected to the circuit pattern 

106. In flip-chip packaging, the electrode terminal 107 connecte;; electrically 

with the semiconductor element 101. A projected electrode 104 is 

electrically connected with the electrode terminal 107 by the conductive 

5 adhesive 108. The conductive adhesive 108 contains a powder of conductive 

metallic material such as Ag, Cu or Ni and the like in the resin. The 

insulating resin 109 is filled in the space between the semiconductor element 

101 and the circuit substrate 105. When the insulating resin 109 is 

hardened, the semiconductor element 101 and the circuit substrate 105 are 

10 bonded by the hardening shrinkage force of the insulating resin 109, and are 

attracted powerfully and fixed. Consequently, the mechanical strength of 

connecting the semiconductor element 101 and the circuit substrate 105 of 

the semiconductor apparatus is enhanced and a stable fixing can be 

maintained. 

15 A method for producing the conventional semiconductor apparatus as 

above-mentioned will be. explained referring to FIG. 10, which is a flow chart 

showing the process of producing the semiconductor apparatus. First, a 

semiconductor element 101, on which a desired element, a wiring and an 

insulating film 103 are formed by the normal process of producing the 

20 semiconductor, is produced. Then the semiconductor wafer, on which a 

numerous pieces of semiconductor element 101 are formed, is produced. 

Then, the quality of the semiconductor element 101 is checked by electrical 

inspection, that is, by contacting the probe, and the projected electrode 104 is 

formed. After that, the semiconductor wafer is cut into individual 

25 semiconductor elementslOl. On the other hand, in advance, a desired 

circuit pattern 106 and an electrode terminal 107 are formed using 

conductive material such as conductive metal, e.g. Au or Cu and the like on 

the circuit substrate 105 which is composed of the insulating material. 
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Then the semiconductor element 101 is positioned on the circuit substrate 

105 with its face down via conductive adhesive 108 so that the 

predetermined electrode terminal 107 can be connected electrically with the 

projected electrode 104. After that, the conductive adhesive 108 is 

5 hardened by heat treatment and electrical inspection is conducted to confirm 

the acting state. After the normal acting state is confirmed, the liquid 

insulating resin such as epoxy-based resin is filled in the space between the 

semiconductor element 101 and the circuit substrate 106 by capillary action. 

After the insulating resin is filled in the space, the insulating resin 109 is 

10 hardened by heat treatment and the like, and accordingly the flip-chip 

packaging is completed. · 

15 

The semiconductor apparatus in which the flip-chip packaging 

technique is used was produced according to the above-mentioned production 

processes. 

However, according to the above-mentioned conventional 

semiconductor apparatus and the method for producing the conventional 

semiconductor apparatus as shown in FIG. 11, irregularity of the flatness 

accuracy of the surface of the circuit substrate 105 is caused by the warp, 

swell and the like in some parts of the circuit substrate 105. Further, there 

20 is also the irregularity of the film thickness accuracy of the electrode 

terminal 107. Consequently, the protruding surface of the electrode 

terminal 107 at the side of the circuit substrate in the region of one 

semiconductor element is not positioned at the horizontal surface 

respectively~ and therefore an irregularity of the position of the protruding 

25 surface of the electrode terminal 107 at the side of the circuit substrate in the 

direction of height of the protruding surface is caused. 

Consequently, in mounting the semiconductor element 101 with face 

down, the size of the space between the semiconductor element 101 and the 
-----·----
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circuit substrate 105 in the concave portion of the circuit substrate 107 is 

larger than that of other parts of the circuit substrate 107. As a result, the 

conductive adhesive 108 can not reach to the protruding surface of the 

electrode terminal 107 positioned in the concave portion of the circuit 

5 substrate. Consequently, the electrical connection failure is caused. 

Disclosure of Invention 

It is an object of the present invention to provide a semiconductor 

apparatus which is stable in quality and has good productivity, and a method 

for producing the same by connecting electrically the semiconductor element 

10 and the circuit substrate more reliably. 

In order to achieve the above-mentioned objects, in the 

semiconductor apparatus of this invention, the flip-chip packaging technique 

is used for connecting electrically a semiconductor element and a circuit 

substrate via a projected electrode composed of conductive metallic material 

15 formed on an electrode terminal, which is formed on the surface of the 

semiconductor element where the element is formed, a conductive adhesive 

and an electrode terminal on the circuit substrate, wherein the individual 

projected electrode is deformed plastically in the direction of the height so 

that the distance between a protruding surface of an individual projected 

20 electrode and an opposing surface of the individual electrode terminal via the 

conductive adhesive is unified. 

According to the semiconductor apparatus in this invention, the 

height of the projected electrode is processed appropriately so that the 

distance between the protruding surface of the individual projected electrode 

25 and the opposing surface of the individual electrode terminal via the 

conductive adhesive is uniform. Consequently, the semiconductor element 

can be connected electrically with the circuit substrate reliably. 

It is preferable that in the semiconductor apparatus, the material of 

4 



1 1'H\S SHEET HAS BEEN 
REPLACED _1 

I 

the projected electrode is at least one metallic material selected from the 

group consisting of Au and Cu. 

Furthermore, it is preferable that the distance between the 

protruding surface of the individual projected electrode and the opposing 

5 surface of the individual electrode terminal via the conductive adhesive is in 

a range of 1 µ, m to 10 µ, m. 

Furthermore, it is preferable that the flip-chip packaging technique 

is used for connecting the semiconductor element and the circuit substrate 

via the electrode terminal formed on the semiconductor element where the 

10 element is formed, the conductive adhesive and the projected electrode 

composed of the conductive metallic material formed on the electrode 

terminal on the circuit substrate. 

In the preferred semiconductor apparatus in which the projected 

electrode is formed at the side of the circuit substrate, it is preferable that a 

15 barrier layer composed of conductive metallic laminated film is formed on 

the electrode terminal on the semiconductor element where the element is 

formed. 

According to the preferred semiconductor apparatus on which the 

barrier layer is formed, the corrosion of the electrode terminal formed on the 

20 semiconductor element where the element is formed can be prevented. 

In the semiconductor apparatus, it is preferable that the height of the 

projection of the projected electrode is substantially uniform. 

In the semiconductor apparatus whose height of the projection of the 

projected electrode is substantially uniform, it is preferable that the height of 

25 the protruding surface of the individual projected electrode is unified by 

pushing the projeCted electrode on a flat surface of a hard material before the 

projected electrode is bonded with conductive adhesive. 

In the semiconductor apparatus in which the height of the protruding 
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surface of the individual projected electrode is unified by pushing the 

projected electrode on the flat surface of the hard material, it is preferable 

that the pressure on the protruding surface of the projected electrode which 

is caused by pushing on the flat surface of the hard material is in a range of 

5 1.5 X 108 to 5.0 X 108 N/m2
• 

Furthermore, it is preferable that the variation in flatness of the 

hard material is 4 µ, m or less over a distance of 20mm. 

According to a first aspect of the method for producing the 

semiconductor apparatus, a projected electrode is formed on the 

10 semiconductor element where the element is formed, a conductive adhesive 

is transferred on the vertex of the projected electrode and the semiconductor 

element is pressured from the back when the semiconductor element is 

mounted on the circuit substrate with its face down. According to that, the 

projected electrode formed on the semiconductor element is deformed 

15 plastically to unify the distance between the protruding surface of the 

individual projected electrode formed on the semiconductor element and the 

opposing surface of the individual electrode terminal at the side of the circuit 

substrate. 

According to the first aspect of the method for producing the 

20 semiconductor apparatus, the height of the projected electrode can be 

processed appropriately so that the distance between the protruding surface 

of the individual projected electrode and the opposing surface of the 

individual electrode terminal via the conductive adhesive can be unified. As 

a result, the semiconductor apparatus with high reliability can be produced 

25 easily and at a low cost. 

In the first aspect of the method for producing the semiconductor 

apparatus, it is preferable that the pressure on the protruding surface of the 

projected electrode caused by pushing the semiconductor element from the 
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Furthermore, it is preferable that after the projected electrode 

formed on the semiconductor element is deformed plastically, the conductive 

adhesive is transferred to the vertex of the individual projected electrode 

5 formed on the semiconductor element and the semiconductOr element is 

mounted on the circuit substrate with face down again. 

In the method for producing the preferred semiconductor apparatus 

in which the projected electrode is deformed plastically, and then the 

semiconductor element is mounted on the circuit substrate again, the 

10 semiconductor element is not pressured substantially when the 

semiconductor element is mounted on the circuit substrate its with face 

down. Therefore the shift of the position of the semiconductor element and 

the circuit substrate can be prevented. 

According to a second aspect of the method for producing the 

15 semiconductor apparatus, after a projected electrode is formed on the 

electrode terminal formed on the circuit substrate, the height of the 

protruding surface of the individual projected electrode is unified by pushing 

the projected electrode to the flat surface of the hard material, the conductive 

adhesive is transferred to the vertex of the individual projected electrode and 

20 the semiconductor element is mounted on the circuit substrate with its face 

down. 

According to the second aspect of .the method for producing the 

semiconductor apparatus, a step of pressuring the semiconductor element is 

not present. Therefore the damage inflicted on the semiconductor element 

25 can be decreased. 

In the second aspect of the method for producing the semiconductor 

apparatus, it is preferable that the pressure which is caused by pushing the 

projected electrode to the flat surface of the hard material to apply to the 
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protruding surface of the projected electrode is in a range of 1.5 X 108 to 5.0 

x 108 N/m2
• 

Furthermore, it is preferable that the variation in flatness of the 

hard material is 4 µ, m or less over a distance of 20mm. 

5 Brief Description of Drawings 

10 

15 

. 20 

FIG. 1. is a sectional view showing a semiconductor apparatus in 

Example 1 of this invention. 

FIG. 2 is a flow chart showing the process of producing the 

semiconductor apparatus in Example 1. 

FIG. 3A is a sectional view showing a semiconductor apparatus in the 

step of transferring conductive adhesive in the process· of producing a 

semiconductor apparatus shown in FIG. 2. 

FIG. 3B is a sectional view showing a semiconductor apparatus in the 

step of mounting and that of pressuring the semiconductor element. 

FIG. 4 is a flow chart showing a process of producing the 

semiconductor apparatus in Example 2. 

FIG. 5Ais a sectional view showing a semiconductor apparatus in the 

step of mounting and the step of pressuring the semiconductor element in 

the process of producing a semiconductor apparatus shown in FIG. 4. 

FIG. 5B is a sectional view showing a semiconductor apparatus in the 

step of transferring the conductive adhesive. 

FIG. 6 is a sectional view showing a semiconductor apparatus in 

Example 3. 

FIG. 7 is a flow chart showing the process of producing the 

25 semiconductor apparatus in Example 3. 

FIG. SA is a sectional view showing a semiconductor apparatus prior 

to pressuring the circuit substrate in the step of pressuring the circuit 

substrate shown in FIG. 7. 
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FIG. BB is a sectional view showing a semiconductor after the circuit 

substrate is pressured. 

FIG. 9 is a sectional view showing one example of semiconductor 

apparatus in which conventional flip-chip packaging technique is used. 

FIG. 10 is a flow chart showing a process of producing a 

semiconductor apparatus 1n which the conventional flip-chip packaging 

technique is used. 

FIG. 11 is a sectional view showing one example of conventional 

semiconductor apparatus. 

10 Best Mode for Carrying Out the Invention 

15 

Hereinafter, an example of a semiconductor apparatus of this 

invention and a method for producing the same will be explained referring to 

figures. 

(Example 1) 

FIG. 1 is a sectional view showing a semiconductor apparatus in 

Example 1 of this invention. As shown in FIG. 1, an aluminum electrode 

terminal 2 is formed on the surface of semiconductor element 1 where the 

element is formed. The area of the semiconductor element 1 other than 

where the aluminum electrode terminal 2 is formed is covered with an 

20 insulating film 3 composed of Si oxide film, Si nitrogen film and the like. 

On the aluminum electrode terminal 2, a projected electrode 4 

composed of conductive metallic material such as Au or Cu and the like is 

formed. On the other hand, a desired circuit pattern 6 and an electrode 

terminal 7 are formed on a circuit substrate 5 composed of insulating 

25 material such as resin, ceramic or glass and the like. The electrode 

terminal 7 is connected to the circuit pattern 6. In flip-chip packaging, the 

electrode terminal 7 connects electrically with the semiconductor element 1. 

A conductive adhesive 8 contains the powder of conductive metallic material 
·----------·· 
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such as Ag, Cu or Ni and the like in the resin. The insulating resin 9 is 

filled in the space between the semiconductor element 1 and the circuit 

substrate 5. 

When the insulating resin 9 is hardened, the semiconductor element 

5 1 and the circuit substrate 5 are bonded by the hardening shrinkage force of 

the insulating resin 9, and are attracted powerfully and fixed. 

Consequently, the mechanical strength of connecting the semiconductor 

element 1 and the circuit substrate 5 of the semiconductor apparatus is 

enhanced and the stable fixing can be maintained. 

10 As shown in FIG. 1, the height of the projected electrode 4 is processed 

according to the height of the respective electrode terminals 7 formed on the 

circuit substrate 5. That is, there is the irregularity of the flat accuracy of 

the principal surface of the circuit substrate 5 and the film thickness 

accuracy of the electrode terminal 7. Consequently, the irregularity of the 

15 position of the electrode terminal 7 in the direction of height of the 

protruding surface is caused. The height of thE'. projected electrode 4 is 

lowered by plastic. deformation in accordance with the irregularity 

respectively. In this case, the irregularity of the height of the projected 

electrode 4 which is pre-deformed plastically is smaller than that of the 

20 position of the electrode terminal 7 in the direction of height of the 

protruding surface, and the height is constant substantially. Consequently, 

the amount of the change of the height of the projected electrode 4 caused by 

plastic deformation is different based on the position of the electrode 

terminal 7 in the direction of height of the protruding surface. Concretely, 

25 when the distance between the protruding surface of the electrode terminal 7 

and the semiconductor element 1 is shorter, the amount of change of height 

of the projected electrode 4 becomes larger. 

As a result, the distance between protruding surface of the projected 
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electrode 4 formed at the side of the semiconductor element 1 and the surface 

of the electrode terminal 7 formed at the side of the circuit substrate 5 

becomes uniform. It is preferable that the distance is in a range of 1 µ, m to 

10 µ, m. It is more preferable that the distance is about 5 µ, m. 

5 Consequently, the junction layer composed of conductive adhesive 8 which is 

transferred on the vertex of the projected electrode 4 reliably reaches the 

surface of the electrode terminal 7 at the side of the circuit substrate 5 and 

as a result, the electrical connecting failure can be prevented. 

Next, a method for producing the semiconductor apparatus in 

10 Example 1 will be explained referring to FIGs.2 and 3. FIG. 2 is a flow 

chart showing the process of producing the semiconductor apparatus in 

Example 1. As shown in FIG. 2, in the same way as that of conventional 

process, a semiconductor element 1 is formed on the surface where the 

element is formed. Then, a projected electrode 4 composed of Au is formed 

15 on the surface of the aluminum electrode terminal 2 by a ball bonding 

technique and the semiconductor wafer is cut into individual semiconductor 

elements 1. After that, the required amount of conductive adhesive 8 is 

transferred only to the vertex of the projected electrode 4, and the projected 

electrode 4 is positioned on the predetermined part of the circuit substrate 5 

20 on which a desired circuit pattern 6 and an electrode terminal 7 are formed 

in advance. The projected electrode 4 is pressured from the back of the 

semiconductor element 1 to cause plastic deformation of the projected 

electrode 4 and the process to make the height of the projected electrode 4 

appropriate is conducted. Finally, after the conductive adhesive 8 is 

25 hardened by heat treatment, the normal action is confirmed by the electrical 

inspection, the liquid epoxy based insulating resin 9 is filled in the space 

between the semiconductor element 1 and the circuit substrate 6 and is 

hardened. As a reswt, a semiconductor apparatus is produced. 
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FIG. 3 is a figure showing a step of transferring conductive adhesive 

and that of pressuring the semiconductor element in the process of producing 

a semiconductor apparatus as shown in FIG. 2. The reference number used 

in FIG. 3 is the same as that used in FIG. 1. FIG. 3Ais a sectional view 

5 showing a semiconductor apparatus in the step of transferring conductive 

adhesive in the process of producing a semiconductor apparatus. FIG. 3B is 

a sectional view showing a semiconductor apparatus in the step of mounting 

and that of pressuring the semiconductor element. As shown in FIG. 3A, 

the required amount of conductive adhesive 8 is transferred only to the 

10 vertex of the projected electrode 4. As shown in FIG. 3B, the semiconductor 

element 1 is positioned at the predetermined part of the circuit substrate 5 

with its face down, and the pressure P is applied from the back of the 

semiconductor element 1 to cause plastic deformation of the projected 

electrode 4. The process is continued to make the height of the projected 

15 electrode 4 appropriate. Accordingly, the step of mounting with face down 

method is completed. It is preferable that the pressure applied from the 

back of the semiconductor element 1 is in a range of 1.5 X 108 to 5.0 X 108 

N/m2
• When a pressure in the above-mentioned range is applied, the 

distance between the protruding surface of the projected electrode 4 and the 

20 surface of the electrode terminal surface 7 can be unified in a range of 1 µ, m 

to 10µ,m. 

Furthermore, a projected electrode 4 may be formed by the 

transferring bump technique in which the surface of the aluminum electrode 

terminal 2 is pushed by the block of the conductive ·metallic material such as 

25 Au or Cu and the like which is produced in advance, and then, pressure, heat 

or ultrasonic vibration is applied to attach the block of the conductive 

metallic material to the surface of the aluminum electrode terminal 2. 

Furthermore, a projected electrode 4 may be formed by depositing the 

12 



THIG SHEET HAS BEEN 
REPLACED 

conductive metallic material on the aluminum electrode terminal 2 by 

electroless plating or electrolytic plating. 

As above-mentioned, according to the method for producing the 

semiconductor apparatus in Example 1, the step of pressuring the projected 

5 electrode and that of mounting the semiconductor element can be conducted 

at the same time. As a result, in comparison with the conventional process 

of producing the semiconductor apparatus, the step also can be simplified. 

(Example 2) 

A method for producing the semiconductor apparatus in Example 2 

10 will be explained referring to FIGs. 4 and 5. FIG. 4 is a flow chart showing 

a process of producing the semiconductor apparatus in Example 2. In a 

method for producing the semiconductor apparatus in Example 1, the 

semiconductor element to which the conductive adhesive is transferred in 

advance is positioned on the circuit substrate with its face down. After that, 

15 the step of deforming the projected electrode plastically and that of mounting 

were conducted at the same time by applying the pressure. 

However, according to a method for producing the semiconductor 

apparatus in Example 2, a semiconductor element which is positioned in 

advance on the circuit substrate with surface down is pressured to cause 

20 plastic deformation of the projected electrode. Then, the semiconductor 

element is once detached from the circuit substrate, the conductive adhesive 

is transferred and the semiconductor element is mounted with its face down 

again. 

FIG. 5 is a figure explaining from a step of mounting with its face 

25 down (1) to a step of transferring the conductive adhesive in the producing 

process as shown in FIG. 4. The reference number used in FIG. 5 is same as 

that used in FIG. 1. FIG. 5Ais a sectional view showing a semiconductor 

apparatus from a step of mounting to a step of pressuring the semicondu~tor 
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element in the process of producing a semiconductor apparatus as shown in 

FIG.4. . FIG. 5B is a sectional view showing a semiconductor apparatus in 

the step of transferring the conductive adhesive. 

As shown in FIG. 5A, the semiconductor element 1 is positioned at 

5 the predetermined part of the circuit substrate 5 with its face down and the 

pressure Pis applied to the back of the semiconductor element 1. 

Consequently, the appropriate plastic deformation of the projected electrode 

4 is conducted. 

Next, the semiconductor element 1 is once detached from the circuit 

10 substrate 5, as shown in FIG. 5B, and the required amount of the conductive 

adhesive is· t~ansferred only to the vertex of the projected electrode 4. After 

that, the semiconductor element 1 is mounted again on the predetermined 

part of the circuit substrate 5 with its face down. As above-mentioned, the 

semiconductor apparatus having the constitution which is substantially 

15 uniform like that shown in FIG. 1 can be produced. 

According to the method for producing the semiconductor apparatus 

in Example 1, when the semiconductor element is mounted, the pressure is 

applied. As a result, the position of the semiconductor element and the 

circuit substrate may be shifted from that of the predetermined position of 

20 the semiconductor element and the circuit substrate. On the other hand, 

according to the method for producing the semiconductor apparatus in 

Example 2, when the semiconductor element is mounted, the pressure is 

hardly applied to the semiconductor element at all. Therefore the 

possibility that the position of the semiconductor element and the circuit 

25 substrate is shifted from that of the predetermined position of the 

semiconductor element and the circuit substrate is small. Consequently, 

the method for producing the semiconductor apparatus in Example 2 is 

suitable for producing the semiconductor apparatus requiring mounting 
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A method for producing the semiconductor apparatus in Example 3 

will be explained referring to FI Gs. 6, 7 and 8. FIG. 6 is a sectional view 

5 showing a semiconductor apparatus in Example 3. In FIG. 6, 12 indicates a 

barrier layer composed of Cr or Au formed on the surface of the aluminum 

electrode and 14 indicates a projected electrode formed on the electrode 

terminal at the side of the circuit substrate. The other elements are the 

10 

same as those of FIG. 1. 

Unlike the semicqnductor apparatus of Example 1 shown in FIG. 1, 

in the semiconductor apparatus of Example 3, a barrier layer 12 is formed 

because the aluminum may be corroded when a conductive adhesive is 

contacted directly with the surface of the aluminum electrode terminal 2. 

Further, in the semiconductor apparatus of Example 3, a projected electrode 

15 14 composed of conductive metallic material such as Au or Cu and the like is 

formed on the surface of the electrode terminal 7 at the side of the circuit 

substrate 5. 

As shown in FIG. 6, the height of the projected electrode 14 is 

processed according to the position in the direction of the height of the 

20 electrode terminal 7 formed on the circuit substrate 5 respectively in the 

same way as the semiconductor apparatus of Example 1 was produced. 

That is, there is the irregularity of the flat accuracy of the principal surface 

of the circuit substrate 5 and the film thickness accuracy of the electrode 

terminal 7. Consequently, the irregularity of the position of the electrode 

25 terminal 7 in the direction of the height of the protruding surface is caused. 

The height of the projected electrode 14 is lowered by plastic deforma~ion in 

accordance with the irregularity respectively. In this case, the irregularity 

of the height of the projected electrode 14 which is pre-deformed plastically is 
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. smaller than that of the position of the electrode terminal 7 in the direction 

of height of the protruding surface, and the height is constant substantially. 

Consequently, the amount of the change of the height of the projected 

electrode 14 caused by plastic deformation is different based on the position 

5 in the direction of the height of the electrode terminal 7 in the direction of 

the protruding surface. Concretely, when the distance between the 

protruding surface of the electrode terminal 7 and the semiconductor 

element 1 is shorter, the amount of change of height of the projected 

electrode 14 becomes larger. 

10 As a result, the distance between the surface of the barrier layer 12 at 

the side of the semiconductor element 1 and the protruding surface of the 

projected electrode 14 becomes uniform. It is preferable that the distance is 

in a range of 1 µ, m to 10 µ, m in the same way as Example 1. It is more 

preferable that the distance is about 5 µ, m. Consequently, the junction 

15 layer co.mposed of conductive adhesive 8 which is transferred on the vertex of 

the projected electrode 14 reaches reliably the surface of the barrier layer 12 

at the side of the semiconductor element 1 and as a result, the electrical 

connecting failure can be prevented. 

Next, a method for producing the semiconductor apparatus in 

20 Example 3 will be explained referring to FIGs.7 and 8. FIG. 7 is a flow 

chart showing the process of producing the semiconductor apparatus in 

Example 3. As shown in FIG. 7, an element is formed on the surface of 

semiconductor element 1 and after that a barrier layer 12 is formed by 

layering Cr and Au on the surface of the aluminum electrode terminal 2 with 

25 a plating technique. Then, the inspection is conducted and the 

semiconductor wafer is cut into individual semiconductor elements 1. 

On the other hand, a desired circuit pattern 6 and an electrode 

terminal 7 are formed on the principal surface of the circuit substrate 5 and 
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after that a projected electrode 14 composed of Au is formed on the surface of 

the electrode terminal 7 with a ball bonding technique. 

Then, the projected electrode 14 is pushed onto the flat plate having a 

desired flatness accuracy and composed of hard material. Consequently, 

5 the appropriate plastic deformation ~fthe projected electrode 14 is conducted 

and the height of the protruding surface of the projected electrode 14 

becomes uniform respectively. After that, the required amount of the 

conductive adhesive paste 8 is transferred only to the vertex of the projected 

electrode 14, the semiconductor element 1 is mounted on the predetermined 

10 part of the circuit substrate 5 with its face down, heat treatment is applied to 

the conductive adhesive 8 to be hardened, electrical inspection is carried out 

to confirm the normal action, and finally the space between the 

semiconductor element 1 and the circuit i;;ubstrate 6 is filled with insulating 

resin 9 such as liquid epoxy based resin. According to the above-mentioned 

15 steps, the semiconductor apparatus is produced. 

FIG. 8 is a figure explaining from a step of pressuring the circuit 

substrat~ to a step of transferring the conductive adhesive in the process of 

producing a semiconductor apparatus as shown in FIG. 7. The reference 

number used in FIG. 7 is same as that used in FIG. 6. FIG. SA is a sectional 

20 view showing a semiconductor apparatus prior to pressuring the circuit 

substrate. FIG. SB is a sectional view showing a semiconductor after the 

circuit substrate is pressured. As shown in FIG. SA, the projected electrode 

14 which is formed on the principal surface of the circuit substrate 5 is 

pushed to the flat plate having a desired fl.at accuracy and composed of hard 

25 material. Consequently, the appropriate plastic deformation of the 

projected electrode 14 is conducted and the height of the protruding surface 

of the projected electrode 14 is unified. It is preferable that the variation in 

flatness of the above-mentioned hard material is 4 µ, m or less over a distance 
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of 20mm. It is preferable that the pressure which is applied to the flat plate 

composed of hard material is in a range of 1.5 X 108 to 5.0 X 108 N/m2 at 

the protruding surface of the projected electrode 4. Then, as shown in FIG. 

SB, the conductive adhesive 8 paste is transferred only to the vertex of the 

5 projected electrode 14 and the semiconductor element 1 is mounted. 

Furthermore, a projected electrode 14 may be formed by the 

transferring bump technique in which the surface of the electrode terminal 7 

is pushed by the block of the conductive metallic material such as Au or Cu 

and the like which is produced in advance, and then, pressure, heat or 

10 ultrasonic vibration is applied to attach the block of the conductive metallic 

material to the surface of the electrode terminal 7. 

15 

Furthermore, a projected electrode 14 may be formed by depositing 

the conductive metallic material on the electrode terminal 7 by electroless 

plating or electrolytic plating. 

Furthermore, a technique of forming a thick film using paste may be 

used. Regarding the barrier layer 12, a material other than Cr-Au film may 

be used. 

Furthermore, in a case when an aluminum electrode terminal 2 is 

composed of material except for aluminum which is not corroded easily such 

20 as Au or Pt and the like, the barrier layer is not required to be formed. 

As above-mentioned, according to the method for producing the 

semiconductor apparatus in Example 3, the step of pressuring the 

semiconductor element can be omitted, therefore the damage which is 

inflicted on the semiconductor element is reduced. In particular, when the 

25 semiconductor element is produced by using the brittle material such as 

compound semiconductor, Ga-As, the method for producing semiconductor 

apparatus in Example 3 is very effective. 

As above-mentioned, according to the semiconductor apparatus of 
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this invention, the height of the projected electrode is processed 

appropriately to unify the distance between the protruding surface of the 

projected electrode and the opposing surface of the individual electrode via 

the above-mentioned conductive adhesive respectively. Consequently, the 

5 electrical connection between the semiconductor element and the circuit 

substrate can be made reliably. 

Further, according to the method for producing the semiconductor 

apparatus of this invention, the height of the projected electrode can be 

processed appropriately to unify the distance between the protruding surface 

10 of the projected electrode and the opposing surface of the individual electrode 

terminal via conductive adhesive respectively by applying the pressure to the 

back of the semiconductor element. Consequently, a semiconductor 

apparatus in which the semiconductor element and the circuit substrate are 

electrically connected reliably can be produced easily and at a low cost. 

15 Industrial Applicability 

As above-mentioned, the semiconductor element and the circuit 

substrate are electrically connected reliably in the semiconductor apparatus 

of this invention, the semiconductor apparatus of this invention can be used 

as a semiconductor apparat_us in which the semiconductor element and the 

20 circuit substrate are electrically connected. 

Further, according to a method for producing the semiconductor 

apparatus of this invention, each projected electrode can be deformed 

plastically and the semiconductor element and circuit· substrate can be 

electrically connected reliably. Consequently, the method for producing the 

25 semiconductor apparatus of this invention can be utilized as a method for 

producing a semiconductor apparatus in which a flip-chip packaging 

technique is used. 
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1. A semiconductor apparatus in which a flip-chip packaging 

technique is used for connecting electrically a semiconductor element and 

5 a circuit substrate via a projected electrode composed of conductive 

metallic material formed on an electrode terminal which is formed on the 

surface of said semiconductor element where the element is formed, a 

conductive adhesive and an electrode terminal on said circuit substrate, 

wherein said individual projected electrode is deformed plastically in the 

10 · direction of height so that the distance between a protruding surface of 

said individual projected electrode and an opposing surface of said 

individual electrode terminal via said conductive adhesive is unified. 

2. The semiconductor apparatus according to 9laim 1 wherein the 

material of said projected electrode is at least one metallic material 

15 selected from the group consisting of Au and Cu. 

3. The semiconductor apparatus according to Claim 1 wherein a 

20 4. 

distance between the protruding surface of said individual projected 

electrode and the opposing surface of the individual electrode terminal 

via said conductive adhesive is in a range of 1 µ, m to 10 µ, m. 

The semiconductor apparatus according to Claim 1 wherein the 

flip-chip packaging technique is used for connecting electrically said 

semiconductor element and said circuit substrate via said electrode 

terminal formed on the surface of said semiconductor element where the 

element is formed, said conductive adhesive and said projected electrode 

25 composed of the conductive metallic material formed on said electrode 

terminal on said circuit substrate. 

5. The semiconductor apparatus according to Claim 4 wherein a 

barrier layer composed of conductive metallic laminated film is formed on 

20 
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said electrode terminal on the surface of said semiconductor element 

where the element is formed. 

6. The semiconductor apparatus according to Claim 1 wherein the 

5 7. 

10 8. 

height of projection of said projected electrode is substantially uniform. 

The semiconductor apparatus according to Claim 6 wherein the 

height of the protruding surface of said individual projected electrode is 

unified by pushing said projected electrode on a flat surface of a hard 

material before said projected electrode is bonded with conductive 

adhesive. 

The hando-souchi according to Claim 7 wherein the pressure on 

said protruding surface of said projected electrode which is caused by 

pushing on the flat surface of said hard material is in a range of 1.5 X 

108 to 5.0 X 108 N/m2
• 

9. The hando-souchi according to Claim 7 wherein the variation in 

15 flatness of said hard material is 4 {L m or less over a distance of 20mm. 

10. A method for producing a semiconductor apparatus, comprising 

the steps of forming a projected electrode on a surface of a semiconductor 

element where the element is formed, transferring a conductive adhesive 

to the vertex of said projected electrode and mounting said semiconductor 

20 element on a circuit substrate with its face down, wherein said 

semiconductor element is pushed from the back in said step of mounting 

so that the projected electrode formed on said semiconductor element is 

deformed plastically to unify the distance between the protruding surface 

of said individual projected electrode formed on said semiconductor 

25 element and the opposing surface of the individual electrode terminal at 

the side of said circuit substrate. 

11. The method for producing a hando-souchi according to Claim 10, 

wherein the pressure on the protruding surface of said projected 
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electrode, which is caused by pushing said semiconductor element from 

the back, is in a range of 1.5 X 108 to 5.0 X 108 N/m2
• 

12. The method for producing a semiconductor apparatus according 

to Claim 10, wherein the projected electrode on the semiconductor 

5 element is deformed plastically, the conductive adhesive is transferred to 

the vertex of the individual projected electrode on said semiconductor 

element and said semiconductor element is mounted on said circuit 

substrate with its face down again. 
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