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ELECTRONIC COMPONENT. SEMICONDUCTOR DEVICE. 

METHODS OF MANUFACTURING THE SAME. 

CIRCUIT BOARD. AND ELECTRONIC INSTRUMENT 

TECHNICAL FIELD 

The present invention relates to a compact electronic 

component and a semiconductor device whose final formed 

package size is close to the size of the chip (semiconductor 

element), to methods of manufacturing these, to a circuit 

board on which these are mounted, and to an electronic 

10 instrument having this circuit board. 

BACKGROUND ART 

To pursue high density mounting in semiconductor devices, 

bare chip mounting is the ideal. However, quality control and 

handling of bare chips are difficult. For this reason, CSP 

15 (chip size/scale package) technology, in which the package 

size is close to the chip size, has been developed. 

In such a CSP semiconductor device, an important problem 

is to relieve the thermal stress due to the differences in 

coefficient of thermal expansion between the semiconductor 

20 chip and the mounting board. In particular, as the number of 

pins continues to increase, it is essential that no wiring 

breaks are caused by thermal stress, since wiring is required 

to connect from the electrodes to the solder balls. 

The present invention addresses the above described 

25 problems, and has as its object the provision of an electronic 

component, a semiconductor device, methods of manufacturing 

these, a c i rciJ it boa rd on which these a re mounted, and an 
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electronic instrument having this circuit board. 

DISCLOSURE OF THE INVENTION 

The semiconductor device of the present invention 

comprises a semiconductor element1 an external electrode 

5 provided within the region of the semiconductor element for 

ex te rna 1 connection 1 wiring connected th rough a connection 

portion to the external electrode and electrically connecting 

the semiconductor element and the external electrode, a stress 

relieving portion provided on the semiconductor element, and 

10 a stress transmission portion transmitting stress from the 

external electrode to the stress relieving portion. 

Since the semiconductor element and external electrode of 

the present invention are connected by the wiringl the pitch 

of external electrode can be converted as required. The stress 

15 transmission portion transmits stress from the external 

electrode to the sttess relieving portion! and stress can be 

thus relieved. 

The wiring is connected to the external electrode through 

a connection portion. The connection portion is not restricted 

20 to the · case of existing as a separate member between the 

wiring and the external electrode, but includes the case of 

being a part of at least one of the wiring and external 

electrode. The connection portion is not restricted to 

directly contacting at least one of the wiring and external 

25 electrode I but includes the case of not directly contacting 

either. That is to sayl the connection portion of the present 

invention indicates at least a part of the member electrically 

connecting the wiring and external electrode. 
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-... More specif1callyJ the wiring may be provided on·· the 

stress relieving portionJ and the stress transmission portion 

may be ptovided in the connection portion. 

By this meansJ since the wiring is provided on the stress 

5 relieving portionJ the connection portion. and stress 

transmission portion are provided on the stress relieving 

portionJ and the stress from the external electrode is 

transmitted to the stress relieving portion. 

AlternativelyJ the wiring may be provided under the 

10 stress relieving portionJ the connection portion may be 

provided to pass through the stress relieving portionJ and the 

stress transmission portion may be formed on the stress 

relieving portion integrally with the connection portion. 

By this meansJ since the connection portion passes 

15 through the stress relieving portion, the connection portion 

does not transmit stress vertically to the stress relieving 

portion. In place of thisJ the stress transmission portion 

provided on the stress relieving portion transmits stress to 

the stress re1ieving portion. 

20 The stress relieving portion may be formed with a 

thickness to reach the stress transmission portion from the 

wiring. 

The stress relieving portion may have a groove formed 

outside of the stress transmission portion. By forming a 

25 groove, the stress relieving portion is more easily deformedJ 

and stress from the stress transmission portion can be 

absorbed more easily. 

The stress relieving portion may have a space formed 

between a contact position on the wiring and a contact 
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position under the stress transmission portion. By this means, 

the stress relieving portion is more easily able to deform, 

and stress from the stress transmission portion can be 

absorbed more easily. 

A stress re 1 i evi ng po rt ion having such a space may be 

formed with a thickness to reach the stress t ransmi ss ion 

portion from the wiring, and then may be etched from the 

outside of the stress transmission portion to underneath 

thereof. 

The present invention may further comprise a 

supplementary transmission portion provided at least between 

a root periphery of the external electrode and the stress 

relieving portion, and transmitting stress from the external 

electrode to the stress relieving portion. 

By means of the supplementary transmission portion, 

stress from the external electrode is transmitted to the 

stress relieving portion, and a concentration of stress 

between the external electrode and the stress transmission 

portion can be prevented. 

The supplementary transmission portion may be formed of 

a material capable of being used for the stress relieving 

portion. 

The stress relieving portion may include a first stress 

relieving layer and a second stress relieving layer formed on 

25 the first stress relieving layer; 

the wiring may be provided between the first and second 

stress relieving layers; 

the connection portion may be provided to penetrate the 

second stress relieving layer; and 
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the stress transmission portion may be formed on the 

second stress relieving layer integrally with the connection 

portion. 

By this means, the connection portion transmits stress in 

5 the vertical direction to the first stress relieving layer. 

Meanwhile, the stress transmission portion transmits stress to 

the second stress relieving layer. In this way, stress is 

relieved at two locations. 

The stress relieving portion may include a first stress 

10 relieving layer and a second stress relieving layer formed on 

the first stress relieving layer; 

the wiring may be provided between the first and second 

stress relieving layers; 

the connection portion may be provided to penetrate the 

15 second stress relieving layer; and 

the stress transmission portion may· include a first 

transmission portion formed between the first and second 

stress relieving layers integrally with the connection 

portion, and a second transmission portion formed on the 

20 second stress relieving layer integrally with the connection 

portion. 

The connection portion transmits stress in the vertic~l 

direction to the first stress relieving layer. Stress is also 

transmitted to the first stress relieving layer from the first 

25 transmission portion of the stress transmission portion. 

Furthermore, the stress transmission portion has a second 

stress transmission portion, and this second stress 

transmission portion transmits stress to the second stress 

relieving layer. In this way, stress is relieved at three 
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locations. 

It is preferable that the second transmission portion has 

a larger area than the first transmission portion, and 

transmits the stress to the second stress relieving layer. 

Since the second transmission portion transmits a large 

amount of stress, the stress transmitted by the first 

transmission portion is comparatively small. The first 

transmission portion is close to the direct contact portion of 

the connection portion and wiring. Therefore, by reducing the 

stress transmitted from the first transmission portion, the 

effect on this contact portion can be reduced. 

It is preferable that the stress transmission portion is 

provided without contacting the connection portion. 

By this means, the stress transmission portion does not 

15 transfer stress to the direct contact portion of the 

connection portion and wiring. 

The stress relieving portion may have an isolation 

portion for inhibiting transmission of the stress between a 

support region supporting the stress transmission portion and 

20 a connection region in which the connection portion is formed. 

Because the isolation portion is provided, stress 

transmitted from the stress transmission portion to the 

support region of the stress relieving portion is not 

transmitted to the connection region. Therefore, transfer of 

25 stress from the stress transmission portion through the stress 

relieving portion to the connection portion also does not 

occur. 

Here, the isolation portion may for example be a groove. 

The wiring preferably has a bent portion forming an empty 
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portion with the semiconductor element. 

By this means, since the wiring can freely deform in the 

bent portion, maximum stress absorption is possible. 

A gel material may be injected in the empty portion to 

protect the bent portion. 

The stress relieving portion may include a first stress 

relieving layer and a second stress relieving layer formed on 

the first stress relieving layer; 

the wiring may include a first wiring portion formed 

10 below the first stress relieving layer and a second wiring 

portion formed between the first and second stress relieving 

layers; 

the connection portion may include a first wiring 

connection portion penetrating the first stress relieving 

15 layer and connecting the first and second wiring portions and 

a second wiring connection portion penetrating the second 

stress relieving layer and connecting the external electrode 

and the second wiring portion; 

the first and second wiring connection portions may be 

20 disposed on different planes; and 

the stress transmission portion may include a first 

transmission portion formed between the first and second 

stress relieving layers integrally with the first wiring 

connection portion, and a second transmission portion formed 

25 on the second stress relieving layer integrally with the 

second wiring connection portion. 

Since the first and second wiring connection portions of 

the present invention are provided with first and second 

transmission portions respectively, in each of the wiring 
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connection portiohs, stress can be transmitted to the stress 

rel·i evi ng 1 ayer. · The contact position of the first wiring 

connection portion with respect to the first and second wiring 

po rt i ans, and the contact pas it ion of the second wiring 

5 connection portion with respect to the external e1ectrode and 

second wiring portion are disposed on different planes. 

Therefore, stress applied to one of the contact positions is 

not directly easily transferred to the other contact position. 

Since stress transferred from the external electrode is 

10 relieved before reaching the semiconductor element, the effect 

on this semiconductor element can be reduced. 

The wiring may be brought out from the external electrode 

substantially at right angles to a direction of generation of 

the stress. 

15 By this means, the generating direction of the stress and 

the extending direction of the wiring are substantially 

orthogonal. Thus the application of tension to the wiring in 

the direction of its extension and consequent wiring breaks 

can be prevented. 

20 The stress transmission portion may be formed at a 

position outside of the connection portion. 

Since the stress transmission portion is transmitting 

stress at a peripheral position of the connection portion of 

the external electrode and wiring, stress can be transmitted 

25 over a large area. 

The electronic component of the present invention 

comprises an electronic element; an external electrode for 

external connection; wiring electrically connecting the 

electronic element and the external electrode; a stress 
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relieving portioh provided on the electronic element; and a 

stress transmission portion transmitting stress from the 

external electrode to the stress relieving portion, at a 

peripheral position of an electrical connection portion of the 

external electrode and the wiring. 

The method of manufacturing an electronic component of 

the present invention comprises: 

a step of integrally forming in substrate form a 

plurality of electronic element; 

a step of forming an electrode on the electronic element 

in substrate form; 

a step of providing a stress relieving portion on the 

electronic element in substrate form, avoiding the electrode; 

a step of forming wiring from the electrode; 

15 a step of providing ·a stress transmission portion 

transmitting stress from the external electrode to the stress 

relieving portion, in a peripheral position of the electrical 

connection portion of the wiring and external electrode; and 

a step of separating the eiectronic element in substrate 

20 form into individual elements. 

The method of manufacturing a semiconductor device of the 

present invention comprises: 

a step of forming an electrode on a wafer; 

a step of providing a stress relieving portion on the 

25 wafer avoiding the electrode; 

a step of forming wiring from the electrode; 

a step of providing a stress transmission portion 

transmitting stress from the external electrode to the stress 

relieving portion, in a peripheral position of the electrical 
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connection portioh of the wiring and external electrode; and 

a step of separating the wafer into individual elements. 

With an aspect of the present invention, after a stress 

relieving layer, wiring, and external electrode are formed on 

the wafer, the wafer is cut up to obtain individual 

semiconductor devices. Therefore, since the formation of 

stress relieving layer, wiring, and external electrode can be 

carried out simultaneously for a large number of semiconductor 

devices, the fabrication process can be simplified. 

10 The step of forming a stress relieving portion may be 

15 

20 

carried out after the step of forming wiring; and 

a step of forming a groove by etching in the stress 

relieving portion outside of the stress transmission portion 

may be performed before the step of separating the wafer. 

By forming the groove, the stress relieving portion is 

more easily deformed, and stress from the stress transmission 

portion can be absorbed more easily. 

The step of forming the stress relieving portion may be 

carried out after the step of forming wiring; and 

a step of etching the stress relieving portion to under 

the stress transmission portion may be performed before the 

step of separating the wafer. 

By this means, the stress relieving portion has a space 

formed between a contact position over the wiring and a 

25 contact position under the stress transmission portion. Thus, 

the stress relieving portion is more easily deformed, and 

stress from the stress transmission portion can be absorbed 

more easily. 

A step of providing a material capable of being used for 
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;: the stress relieving portion from over the stress relieving 

portion to at least a root periphery of the external 

electrode, to form~ supplementary transmission portion, may 

be performed before the step of separating the wafer. 

5 In this way, when the supplementary transmission portion 

is formed, stress from the external electrode is transmitted 

to the stress relieving portion by means of the supplementary 

transmission portion, and a concentration of stress between 

the external electrode and the stress transmission portion can 

10 be prevented. 

The circuit board of present invention has the above 

described semiconductor device and a substrate on which a 

desired wiring pattern is formed; and external electrodes of 

the semiconductor device are connected to the wiring pattern. 

15 The electronic instrument of the present invention has this 

circui·t board. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a first embodiment of the semiconductor 

device. 

20 Fig. 2 shows a second embodiment of the semi conductor 

device. 

Fig. 3 shows a third embed i ment of the semiconductor 

device. 

Figs. 4A and 48 shows a fourth embodiment of the 

25 semiconductor device. 

Fig. 5 shows a fifth embodiment of the semiconductor 

device. 

Fig. 6 shows a sixth embodiment of the semiconductor 
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device. 

Fig. 7 shows a seventh embodiment of the semiconductor 

device. 

Fig. 8 shows an eighth embodiment of the semi conductor 

:l device. 

Fig. 9 shows a ninth embodiment of the semiconductor 

device. 

Fig. 1 o shows a tenth embodiment of the semiconductor 

device. 

10 Figs. 11A and 118 show an eleventh embodiment of the 

semiconductor device. 

Figs. 12A and 128 show a twelfth embodiment of the 

semiconductor device. 

Fig. 13 shows a thirteenth embodiment of the 

15 semiconductor device. 

Fig. 14 shows a fourteenth embodiment of the 

semiconductor device. 

Fig. 15 shows a fifteenth embodiment of the semiconductor 

device. 

20 Fig. 16 shows a sixteenth embodiment of the semiconductor 

device. 

Figs. 17A to 17E show a process of fabricating the 

semiconductor device of the present invention. 

Figs. l8A to 18C show a process of fabricating the 

25 semiconductor device of the present invention. 

Fig. 19 shows a CSP semiconductor device. 

Fig. 20 shows a circuit boa rd mounted with a 

semiconductor device fabricated by application of the method 

of the present invention. 
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;; Fig. 21 shows an electronic instrument equipped with a 

circuit board mounted with a semiconductor device fabricated 

by application of the method of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

5 Preferred embodiments of the present invention is now 

described with reference to the drawings. The present 

invention can be applied to a compact electronic component, in 

particular the examples described are of application to a 

semiconductor device. 

10 Some of the drawings are enlarged for clarity. In 

particular the following explanation is in terms of a final 

separated individual semiconductor device, and therefore the 

terminology used, forms, and so forth, may be slightly 

different from in actual practice. Where a semiconductor chip 

15 is referred to, this may refer not only to a single separated 

device (that is, a chip) but also to devices in the form of a 

wafer. In other words, the term "semiconductor chip" used here 

refers to a certain circuit formed on a base substrate (for 

example of silicon) and capable of being used once separated, 

20 and is not restricted in respect of whether separated or 

whether still integral. Furthermore, references are restricted 

to typical locations where explanation is required such as 

wiring, and therefore in the figures where other locations are 

similar, or other constructions, are omitted. 

25 (First Embodiment) 

Fig. 1 is a sectional view showing a first embodiment of 

the semiconductor device. A semiconductor device 10 shown in 
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this figure comprises a stress relieving layer 16 and wiring 

18 formed thereon. In more detail, on a semiconductor chip 12, 

a stress relieving layer 16 is formed to avoid an electrode 

14, and wiring 18 .is formed from the electrode 14 over the 

5 stress relieving layer 16. 

The stress relieving layer 16 is formed from a 

photosensitive polyimide resin, and when the semiconductor 

device 10 is mounted on a substrate {not shown in the 

drawings), relieves the stress created by the difference in 

10 the coefficient of thermal expansion between the semiconductor 

chip 12 and the substrate. The polyimide resin is insulating 

with respect to the wiring 18, is able to protect the surface, 

and has heat resistance when a solder ball 20 is melted. A 

polyimide resin with a low Young's modulus (such as an olefin 

15 polyimide resin or BCB manufactured by the Dow Chemical 

Corporation) is preferably used, and in particular it is 

preferable that the Young's modulus be not more than about 20 

kg/mm2
• The stress relieving layer 16 has a larger stress 

relieving effect the thicker it is, but a thickness 

20 approximately in the range 1 to 100 µmis preferable. However, 

when a polyimide resin with a Young's modulus of approximately 

10 kg/mm2 is used, a thickness of approximately 10 µm will be 

sufficient. 

Alternatively, a material which has a low Young's modulus 

25 and is effective for stress relieving such as, silicone 

denatured polyimide resin, epoxy resin, or silicone denatured 

epoxy resin may be used as the stress relieving layer 16. When 

a nonphotosensitive resin is used, in combination with another 

resist, a required pattern may be formed by a photo-etching 
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process. 

The wiring 18 is formed of chromium {Cr). Here, chromium 

(Cr) is selected because of its good adhesion properties to 

the polyimide resin forming the stress relieving layer 16. 

Alternatively, when resistance to cracks is considered, 

ductile metal such as aluminum, aluminum alloys such as 

aluminum-silicon and aluminum-copper, copper alloys, copper, 

or gold may be used. Besides, when titanium or 

titanium-tungsten, having excellent resistance to moisture is 

10 selected, wiring breaks due to corrosion can be prevented. 

Titanium is also preferable as it has favorable adhesion 

properties with respect to polyimide. When titanium is used 

for the wiring 18, a multi-layer construction of titanium and 

another of the above metals may be used. The wiring 18 is 

15 formed in a film by sputtering, plating, a combination 

thereof, or another method, and is patterned by photoetching. 

It should be noted that the above described examples of 

materials for the stress relieving layer and wiring may 

equally be applied in a suitable way to all of the second and 

20 subsequent embodiments in the same way as to the first 

embodiment. 

On the wiring 18, a solder ball (external electrode) 20 

is provided. In more detail, a stress transmission portion 22 

is provided on the wiring 18, a base 24 is provided on this 

25 stress transmission portion 22, and a solder ball 20 is 

provided on the seat 24. The stress transmission portion 22 

and base 24 are formed by copper plating, and the solder ball 

20 is formed of solder of at least a hemispherical ball shape. 

It should be rioted that the stress transmission portion 22 and 
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base 24 are preferably formed from the same metal as that used 

for the material of the wiring 18. 

A characteristic of the present embodiment is that as 

shown in Fig. 1, the width d of the base portion 24a of the 

5 base 24.on the stress transmission portion 22 and the width D 

of the stress transmission portion 22 satisfy the relation d 

< D. 

In other words, the base portion 24a of the base 24 forms 

a part {connection portion) of the element electrically 

10 connecting the solder ball (external electrode) 20 and the 

wiring 18, and the stress transmission portion 22 extends 

integrally to the peripheral position thereof. By forming such 

a stress transmission portion 22, the solder ball 20 is 

supported on the stress re 1 i evi ng 1 ayer 16 . with a 

15 comparatively wide width D. 

Such the wide stress transmission portion 22 is effective 

for transmitting stress. That is to say, for example, when 

heat is applied to the substrate and the semiconductor device 

mounted on the substrate because of the ·difference in the 

20 coefficient of thermal expansion between the mounting board 

and the semiconductor chip 12, a stress of bending the 

semiconductor chip 12 is created. This stress is a force 

bending over, with the center of the solder ball 20 as axis. 

According to the present embodiment, by means of the stress 

25 transmission portion 22 with the comparatively wide width D, 

the solder ball 20 is supported with respect to the stress 

relieving layer 16. Therefore, the stress tending to bend over 

the solder ball 20 is transmitte.d over a wide area to the 

stress relieving layer 16, and the stress can be largely 
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absorbed by the stress relieving layer 16. 

Besides, with regard to the stress transmission effect, 

the second and subsequent embodiments are also similar to that 

shown in the first embodiment. 

5 It should be noted that while omitted from the drawings, 

10 

to prevent corrosion and ~he like of the wiring a wiring 

protection layer such as solder resist is preferably provided 

as the outermost layer. 

(Second Embodiment) 

Fig. 2 is a sectional view showing a second embodiment of 

the semiconductor device. The semiconductor device 30 shown in 

this figure has wiring 38 formed beneath a stress relieving 

layer 36. In more detail, on a semiconductor chip 32, with an 

oxide layer (not shown in the drawings} acting as an 

15 i n s u 1 at i n g 1 aye r i n t e r posed , w i r i n g 3 8 i s f o r med f r om an 

electrode 34. A stress relieving layer 36 is formed over this. 

It should be noted that the wiring 38 is formed of chromium 

( c r) . 
In the stress relieving layer 36, a hole 36a is formed by 

20 photolithography, so that in the region of this hole 36a the 

wiring 38 is not covered by the· stress relieving layer 36. In 

other words, the hole 36a is formed so that the wiring 38 is 

positioned directly under the hole 36a. Then a chromium (Cr) 

layer 42 and a copper (Cu) layer 44 are formed by sputtering 

25 applied to the wiring 38 and the inner circumferential surface 

and opening rim surface forming the hole 36a. In other words, 

the chromium (Cr) layer 42 and copper (Cu} layer 44 are formed 

to pass through the stress relieving layer 36. Moreover, in 
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the opening rim portion, the chromium (Cr) layer 42 and copper 

(Cu) layer 44 are arranged to extend with a comparatively wide 

width. 

On the copper (Cu) layer 44, a base 46 is formed of 

5 copper (Cu), and on this base 46, a solder ball 40 is formed. 

The solder ball 40 is electrically connected to the electrode 

34 through the drawn out wiring 38, the copper {Cu) layer 44, 

the chromium (Cr) layer 42 and the base 46. 

According to the present embodiment, at the opening rim 

10 portion of the hole 36a, stress from the solder ball 40 is 

transmitted from a stress transmission portion 48 formed from 

at least a part of the chromium (Cr) layer 42, copper (Cu) 

layer 44 and base 46 to the stress relieving layer 36. 

This stress transmission portion 48 is positioned outside 

15 a connection portion 38a. The connection portion 38a is a part 

of the chromium (Cr) layer 42, and is a part of the member 

electrically connecting the solder ball (external electrode) 

40 and wiring 38. 

In this example, the stress transmission portion 48 is 

20 provided to include a flange portion 48a, in other words, a 

projecting portion. Therefore, the stress acting to bend over 

with the center of the solder ball 40 as axis can be 

transmitted over a wide area to the stress relieving layer 36 

by the stress transmission portion 48. The larger the area of 

25 the stress transmission portion 48, the more effective it is. 

Besides, according to the present embodiment, since the 

stress transmission portion 48 is disposed at a different 

height from the connection portion 38a with respect to the 

w1r1ng 38, and the connection portion 38a and wiring 38 are 
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disposed on a hard oxide layer, the stress generated is 

absorbed by the stress relieving layer 36. Therefore, stress 

is less likely to be transmitted to the connection portion 

38a, and to the wiring 38, and as a result cracks can be 

5 prevented. 

(Third Embodiment) 

Fig. 3 is a sectional view showing a third embodiment of 

the semiconductor device. The semiconductor device 31 shown in 

this figure has a supplementary transmission layer 33 formed 

10 on the stress relieving layer 36 of the semiconductor device 

30 shown in Fig. 2. In the present embodiment also, the 

connection portion 38a is a part of the chromium (Cr) layer 

42, and is a part of the member electrically connecting the 

solder ball {external electrode) 40 and wiring 38. 

15 The supplementary transmission layer 33 is formed in 

contact with, at least, the root periphery of the solder ball 

40. Therefore, through the supplementary transmission layer 

33, stress is transmitted from the solder ball 40 to the 

stress relieving layer 36. By this means, the stress is 

20 dispersed, and between the solder ball 40 and the stress 

transmission portion 48, in particular at the connecting 

portion of the base 46 with the copper (Cu) layer 44, a 

concentration of stress is avoided. It should be noted that 

here, the stress transmission portion 48 is formed from at 

25 least a part of the chromium (Cr) layer 42, copper {Cu) layer 

44 and base 46. 

The supplementary transmission layer 33 is constructed of 

a resin capabie of being used for the stress relieving layer 
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36J and its thickness is determined by the flexibility 

(YoungJs modulus) of the resin itself J and the magnitude of 

the stress which it is required to be transmitted. More 

specifically, when a soft resin is used, a large stress 

5 transmission is possible by forming the supplementary 

transmission layer 33 with greater thickness. BesidesJ when a 

comparatively hard resin is used, by forming the supplementary 

transmission layer 33 to be thin, excessive stress 

transmission can be avoided. 

10 The supplementary transmission layer 33 can be formed by 

spin coating after formation of the solder ball 40. 

Alternatively, after formation of the stress transmission 

portion 48 (including the base 46)J and before forming the 

solder ball 40, a resin layer may be formed on the stress 

15 relieving layer 36, an opening formed in the resin layer on 

the stress transmission portion 48, and the solder ball 40 

provided. In this case, the opening can be formed by the 

app 1 i cation of a photo lithography technique J or an etching 

technique (dry or wet). 

20 These methods are suitable when the 

transmission layer 33 is formed before 

semiconductor device into individual pieces. 

(Fourth Embodiment) 

supplementary 

cutting the 

Figs. 4A and 48 are sectional views showing a fourth 

25 embodiment of the semi conductor device. It should be noted 

that Fig. 4A is a section along the line IV - IV in Fig. 48. 

The semiconductor device 37 shown in these figures has grooves 

35 formed in the stress relieving layer 36 of the 
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semiconductor device 30 shown in Fig. 2. However, Figs. 2 and 

4A differ in the section·position. In the present embodiment 

again, the connection portion 38a is a part of the member 

electrically connecting the solder ball (external electrode) 

5 40 and wiring 38 (see Fig. 2) . 

As shown in Figs. 4A and 48, the grooves 35 are formed 

positioned on the outside of the stress transmission portion 

48 in the stress relieving layer 36. 

By this means, when stress is transmitted from the stress 

10 transmission portion 48 to the stress relieving layer 36, the 

stress relieving layer 36 can more easily deform at a portion 

closer to the stress transmission portion 48 than the grooves 

35. By means of this, the stress relieving layer 36 can more 

easily absorb stress. In particular, by forming the grooves 35 

15 when the material forming the stress absorption layer 36 has 

a low degree of flexibility (high Young's modulus), a stress 

relieving ability equal to that of the case of a material of 

a high degree ·of flexibility (low Young's modulus) can be 

obtained. If a material of a high degree of flexibility is 

20 used, and then the above described forming is carried out, 

stress relief can be even more so achieved. The same effect 

can be expected in the fifth and sixth embodiments described 

below. 

Besides, the grooves 35 are formed on the sides in the 

25 direction (shown by an arrow in Fig. 48) in which stress is 

applied from the stress transmission portion 48 to the stress 

relieving layer 36. Therefore, in the direction in which the 

stress is applied, the stress relieving ability is increased. 

It should be noted that the position of formation of the 
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grooves 35 is not restricted to the positions shown in Figs. 

4A and 48. For example, the grooves 35 may be formed on sides 

in a direction other than the direction (shown by an arrow in 

Fig. 48) in which stress is applied from the stress 

5 transmission portion 48 to the stress relieving layer 36, or 

may be formed to surround the stress transmission portion 48. 

(Fifth Embodiment) 

Fig. 5 is a sectional view showing a fifth embodiment of 

the semiconductor device. The semiconductor device 39 shown in 

10 this figure is one in which the stress relieving layer 36 of 

the semiconductor device 30 shown in Fig. 2 is etched. 

That is to say, the stress relieving layer 41 of the 

semiconductor device 39 is formed to be thinner than the 

stress relieving layer 36 shown in Fig. 2. A space 43 is 

15 formed between the contact position below the flange 48a of 

the stress transmission portion 48 and the contact position on 

the wiring 38. In other words, below the flange portion 48a of 

the stress transmission portion 48, the stress relieving layer 

41 forms a neck. This neck portion may have a circular 

20 cross-section, or may equally be formed with a taper. 

In the present embodiment too, the connection portion 38a 

is part of the member electrically connecting the solder ball 

(external electrode) 40 and wiring 38. 

In this way, by forming the space 43 below the flange 

25 portion 48a of the stress transmission portion 48, the stress 

relieving layer 41 is more easily able to deform. By means of 

this, the stress relieving layer 41 is more easily able to 

absorb stress. 
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The space 43, can be formed by carrying out isotropic dry 

etching on the stress relieving layer 36 shown in Fig. 2. More 

specifically, by isotropic dry etching, the etch rate is 

approximately equal in the horizontal direction and the depth 

5 direction. As a result, as shown in Fig. 5, it is possible to 

etch into a necked shape below the flange portion 48a of the 

stress transmission portion 48. By means of this, the space 43 

can be formed. 

10 

(Sixth Embodiment) 

Fig. 6 is a sectional view showing a sixth embodiment of 

the semiconductor device. The semiconductor device 45 shown in 

this figure has a supplementary transmission portion 47 added 

to the semiconductor device 39 shown in Fig. 5. 

That is to say, in Fig. 6, a supplementary transmission 

15 portion 47 is formed continuous with the stress relieving 

layer 41 on the periphery of the solder ball 40. The 

supplementary transmission portion 47 is interposed at least 

between the root periphery of the solder ba 11 40 and the 

stress relieving layer 41. By this means, stress applied to 

20 the solder ball 40 can be transmitted through the 

supplementary transmission portion 47 to the stress relieving 

layer 41. Moreover, the stress is dispersed, and concentration 

of the stress at the connecting area of the solder ball 40 and 

stress transmission portion 48 is avoided. 

25 The semiconductor device 45 having a supplementary 

transmission portion 47 of this type can be fabricated by, 

forming the stress relieving layer 36 and supplementary 

transmission ·1ayer 33, as shown in Fig. 3, and then carrying 
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out etching in the same way as in the fifth embodiment. 

In the present embodiment too, the connection portion 38a 

is part of the member electrically connecting the solder ball 

(external electrode) 40 and wiring 38. 

5 (Seventh Embodiment) 

Fig. 7 is a sectional view showing a seventh embodiment 

of the semiconductor device. This seventh embodiment has the 

characteristics of both the first and second embodiments. 

In this figure, a semiconductor device 50 has wiring 58 

10 formed between first and second stress relieving layers 56 and 

57. In more detail, on a semiconductor chip 52, a first stress 

relieving layer 56 is formed to avoid an electrode 54, and 

wiring 58 is formed from the electrode 54 over the stress 

relieving layer 56. This structure is the same as in the first 

15 embodiment. 

Over the wiring 58, a second stress relieving layer 57 is 

formed. The second stress relieving layer 57 may also be 

provided with a thickness in a range similar to that of the 

above described first stress relieving layer 56. In this 

20 stress relieving layer 57, a hole 57a is formed. A chromium 

(Cr) layer 62 and a copper (Cu) layer 64 are formed to pass 

through the stress relieving layer 57. Alternatively, in place 

of these, the wiring 18 described in the first embodiment may 

be used. At opening rim portion of the hole 57a, and the 

25 chromium (Cr) layer 62 and copper (Cu) layer 64 are arranged 

to broaden with comparatively wide range. On the copper (Cu) 

layer 64 a base 66 is formed, and a solder ball 60 is formed 

on this base 66. 
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In the opening rim portion of the hole 57a, stress from 

the solder ball 60 is transmitted from a stress transmission 

portion 68 formed by the chromium (Cr) layer 62, copper (Cu) 

layer 64, and a part of base 66, to the second stress 

5 relieving layer 57. The stress transmission portion 68 is 

provided outside the connection portion 58a. Here, the 

connection portion 58a is part of the chromium (Cr) layer 62, 

and is part of the member electrically connecting the solder 

ball (external electrode) 60 and wiring 58. 

10 The structure above the wiring 58 is the same as in the 

second embodiment, and detailed description is omitted. 

According to the present embodiment, stress in the 

vertical direction from the solder ball 60 is transmitted 

through the connection portion 58a to the first stress 

15 relieving layer 56 and absorbed, while being transmitted 

through the stress transmission portion 68 to the second 

stress relieving layer 57 and absorbed. In this way, a 

two-stage absorbing structure is provided, whereby the stress· 

absorption is even more effective. It should be noted that in 

20 the present embodiment, the second stress relieving layer 57 

also serves as a protecting layer for the wiring 58 and 

semiconductor chip 52. 

It should be noted that the second stress relieving layer 

57 of the present embodiment may also have the grooves 35, the 

25 necked form of the stress relieving layer 41, or the 

supplementary transmission portion 47 of the fourth to sixth 

embodiments. 

(Eighth Embod1ment) 
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Fig. 8 is a sectional view showing an eighth embodiment 

of the semiconductor device. The semiconductor device 51 shown 

in this figure has a supplementary transmission layer 53 

formed on the first stress relieving layer 57 of the 

5 semi conductor device 50 shown in Fig. 7. In the present 

embodiment too, the connection portion 58a is part of the 

member electrically connecting the solder ball (external 

electrode) 60 and the wiring 58. 

The supplementary transmission layer 53 is formed at 

10 least contacting the root periphery of the solder ball 60. 

Therefore, through the supplementary transmission layer 53, 

stress is transmitted from the solder ball 60 to the stress 

relieving layer 57. By this means, stress is dispersed, and a 

concentration of stress at the connecting portion of the 

15 solder ball 60 and the stress transmission portion 68 is 

avoided. 

It should be noted that the mater i a 1 and method of 

formation of the supplementary transmission layer 53 is the 

same as in the third embodiment, and description is omitted. 

20 (Ninth Embodiment) 

Fig. 9 is a sectional view showing a ninth embodiment of 

the semi conductor - device. The ninth embodiment is a 

modification of the seventh embodiment. 

In this figure, a semiconductor device 70 has wiring 78 

25 formed between first and second stress relieving layers 76 and 

77. In more detail, a first stress relieving layer 76 is 

formed on the semiconductor chip 72, avoiding an electrode 74. 

Wiring 78 is formed from the electrode 74 over the stress 
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relieving layer 76. 

On the wiring 78, a second stress relieving layer 77 is 

f o r med . To pass th rough th i s st res s rel i e vi n g l aye r 7 7 , a 

copper (Cu) layer 82 is formed by sputtering, a copper (Cu) 

5 layer 84 is formed by plating, a copper (Cu) layer 86 is 

formed by sputtering, and a base 88 is formed by plating. A 

solder ball 80 is formed on this base 88. 

Here, the copper (Cu) layer 82 and copper (Cu) layer 84 

have a larger area than the base 88 and base portion 88a of 

10 the copper (Cu) layer 86. In the copper (Cu) layer 82 and 

copper (Cu) layer 84, a stress transmission portion 89 

corresponding to the position of the periphery of the base 

portion 88a transmits stress from the solder ball 80 to the 

first stress relieving layer 76. It should be noted that a 

15 portion of the stress transmission portion 89 (the portion 

contacting the base portion 88a) forms a part (connection 

portion) of the member electrically connecting the solder ball 

(external electrode) 80 and wiring 78. 

According to the present embodiment, since the stress 

20 transmission portion 89 is formed positioned on the periphery 

of the base portion 88a electrically connecting the solder 

ball 80 and wiring 78, stress can be transmitted to the first 

stress relieving layer 76 over a large. area. It should be 

noted that in the present embodiment, even if the first stress 

25 relieving layer 76 is omitted, the stress can be absorbed by 

the second stress relieving layer 77. 

In the present embodiment too, a stress transmission 

portion 87 similar to the stress transmission portion 68 of 

the seventh embodiment (see Fig. 7) may be further formed, and 
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a similar effect will be obtained. 

(Tenth Embodiment) 

Fig. 10 is a sectional view showing a tenth embodiment of 

the semiconductor device. This tenth embodiment is a 

5 modification of the ninth embodiment. Here1 to describe only 

difference from the ninth embodiment. A copper (Cu) layer 92 

and copper (Cu) layer 93 formed on wiring 91 are smaller than 

a stress transmission portion 94. Therefore, stress tending to 

bend over a solder ball 95 is transmitted from the stress 

10 · transmission portion 94, but hard to be transmitted from the 

copper (Cu) layer 92 and copper (Cu) layer 93. Moreover! the 

copper (Cu) layer 92 and copper (Cu) layer 93 do not function 

as a stress transmission portion! and therefore stress tends 

not to be transmitted to wiring 91. By this means, breaks of 

15 the wiring 91 can be prevented. 

In the present embodiment, a part of the stress 

transmission portion 94 forms a part (connection portion) of 

the member electrically connecting the solder ball (external 

electrode) 95 and wiring 91. 

20 It should be noted that the effect in the ninth 

25 

embodiment that even if the first stress relieving layer 76 is 

omitted, the stress can be absorbed by the second stress 

relieving layer 77 is the same in the tenth embodiment. 

(Eleventh Embodiment) 

Figs. 11A and 118 show an eleventh embodiment of the 

semiconductor device. It should be noted that Fig. 118 is a 

plan view seen along line XI - XI in Fig. 11A. 
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As shown in these figures, with a semiconductor device 

100, a solder ball 114 is supported by a stress transmission 

portion 112 in a position not contacting an electrical 

connection portion 110. 

In more detail, on an oxide layer 104 formed on a 

semiconductor chip 102, wiring 106 is formed. The wiring 106 

electrically connects a pad 106a positioned in the center of 

the solder ball with to an electrode 108. Moreover, the wiring 

106 extends from the pad 106a in a direction perpendicular to 

10 the direction (shown by an arrow in Fig. 118} of stress 

generated by differences in the coefficient of thermal· 

expansion between the mounting boa rd and the semiconductor 

device 100. Therefore, even if stress is applied to the wiring 

106, since force is not applied in the direction of extension 

15 in the vicinity of the pad 106a, wiring breaks are less likely 

to occur. 

On the wiring 106 a stress relieving layer 118 is formed. 

However, on the pad 106a a hole is formed in the stress 

relieving layer 118, and the connection portion 110 is formed 

20 to electrically connect the pad 106a and solder ball 114. The 

connection portion 110 forms a part of the member electrically 

connecting the solder ball (external electrode) 114 and wiring 

106. 

Besides, in a peripheral position of the connection 
.. ,..._ 

25 portion 110 and in a noncontact position, between an oxide 

layer 104 and solder ball 114 a plurality of stress 

transmission portions 112 are provided. For this reason, in 

the stress relieving layer 118 a plurality of holes are 

formed. It should be noted that the connection portion 110 and 
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stress transmission portion 112 are formed continuously as 

projections projecting downward from a base 116 which supports 

the solder ball 114. 

The present embodiment has the above described structure, 

5 and its effect is now described. In the present embodiment, 

the solder ball 114 is electrically connected to the wiring 

106 by the connection portion 110 in a central position 

thereof. Then a stress transmission portion 112 is provided in 

a peripheral position of the connection portion 110 and in a 

10 noncontact position. Therefore, since it is in the noncontact 

state, the influence of the stress transmitted by the stress 

transmission portion 112 tends not to be transmitted to the 

connection portion 110. Thus, stress is not transmitted to the 

wiring 106 and wiring breaks can be prevented. 

15 The base 116 partially contacts above the stress 

relieving layer 118. In particular, a contact portion 116a 

positioned on the periphery of the stress transmission portion 

110 is such as to transmit stress to the stress relieving 

layer 118 and absorb the same. 

20 (Twelfth Embodiment) 

Figs. 12A and 128 show a twelfth embodiment of the 

semiconductor device. It should be noted that Fig. 128 is a 

plan view seen along line XII - XII in Fig. 12A. This twelfth 

embodiment is a modification of the above described eleventh 

25 embodiment. Here the differences from the eleventh embodiment 

are described. 

In Figs. 12A and 128, a semiconductor device 120 has 

first and second stress relieving layers 122 and 124. Then 
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wiring 126 is formed on the first stress relieving layer 122, 

and a stress transmission portion 128 is formed on the first 

st res s rel i e vi n g 1 aye r 1 2 4 . The ref o re , st res s f r om a so 1 de r 

ball 130 is transmitted from the stress transmission portion 

o 128 to the first stress relieving layer 122, and absorbed. It 

should be noted that with regard to a connection portion 132 

formed on a pad 126a, the structure is the same as the 

connection portion 110 shown in Fig. 11A, and therefore 

description is omitted. That is to say, the connection portion 

10 132 forms a part of the element electrically connecting the 

solder ball (external electrode) 130 and wiring 126. 

According to the present embodiment, stress is relieved 

through the stress transmission portion 128 by the first 

stress relieving layer 122. Therefore, the base 134 has a 

15 flange formed in a peripheral position of the stress 

transmission portion 128. The contact portion with the second 

stress relieving layer 124 is omitted. However, a contact 

portion may be provided in the same way as in the eleventh 

embodiment. 

20 (Thirteenth Embodiment) 

Fig. 13 shows a thirteen th embed i ment of the 

semiconductor device. This thirteen th embed iment is a 

modification of the above described eleventh and twelfth 

embodiments. In other words, in place of the plurality of 

25 pillar-shaped stre~s transmission portions 112 shown in Figs. 

11A and 118, the semiconductor device 140 shown in Fig. 13 has 

a cylindrical stress transmission portion 142. This stress 

transmission portion 142 has a part cut away to allow wiring 
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144 to be led to the inside, and is arranged not to contact 

the wiring 144. Even with a stress transmission portion 142 of 

this type, the same effect as in the eleventh embodiment can 

be achieved. 

5 The connection portion electrically connecting the solder 

ball (external electrode) and wiring is the same as in the 

twelfth embodiment. 

(Fourteenth Embodiment) 

Fig. 14 shows a fourteenth embodiment of the 

10 semiconductor device. The semiconductor device 150 shown in 

this figure also has a first stress relieving layer 154 formed 

on a semiconductor chip 152. However, in this stress relieving 

layer 154 a substantially circular groove 156 is formed. Thus 

an island portion 158 delineated by the groove 156 is formed. 

15 Besides, wiring 159 is formed to reach the island portion 158. 

In more detail, in order to form the wiring 159, the groove 

156 is formed in a C-shape. 

On the first stress relieving layer 154, a second stress 

relieving layer 160 is formed. In the second stress relieving 

20 layer 160, a hole 160a is formed to extend further outside 

than the groove 156. 

Then on the inner surface and opening rim portion of the 

hole 160a, on the surface 154a of the first stress relieving 

layer 154 exposed by the hole 160a, and on the wiring 159 

25 formed on the island portion 158, a base 162 is provided with 

a thin metal film interposed by sputtering. A solder ball 164 

is provided on the base 162. 

According to the present embodiment, island portion 158 
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is isolated from the region receiving stress from the solder 

ball 164, by means of the groove 156. Therefore, stress tends 

not to be transmitted to the wiring 159, and the occurrence of 

wiring breaks can be prevented. 

5 It should be noted that the connection portion being one 

10 

part of the member electrically connecting the solder ball 

(external electrode) and wiring is the same as in the twelfth 

embodiment. 

(Fifteenth Embodiment) 

Fig. 15 shows a fifteenth embodiment of the semiconductor 

device. The semiconductor device 170 shown in this figure has 

a bump 174 provided on a stress relieving layer 172 to absorb 

stress. It is the same as the above embodiments from the point 

of view of stress absorption. 

15 The characteristic of the present embodiment is that 

wiring 176 has a bent portion 180 forming an empty portion 

between the wiring 176 and the semiconductor chip 178, and the 

empty portion is injected with a gel material 182. It should 

be noted that since the gel material 182 is inserted for the 

20 purpose of reinforcement, it may be omitted. Besides, the 

wiring 176 is preferably formed of metal from the viewpoint of 

ductility. In this way, when the bent portion 180 is formed, 

even if stress is applied to the wiring 176, it is absorbed by 

the bent portion 180. Therefore, stress transmitted from the 

25 bump 174 is not transmitted to the electrode 184. In this way 

wiring breaks can be prevented. 

To form the bent portion 180 a resist is deposited to 

outline the bent portion 180, and the wiring 176 is formed 
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thereon. then the resist is removed by dry etching or wet 

etching. It should be noted that a material other than resist 

can be used as long as it can ba etched. 

While omitted from the drawings, a wiring protection 

5 layer being a solder resist or the like is preferably provided 

as the outermost layer to prevent corrosion and the like of 

the wiring. 

The present embodiment can be applied to other 

embodiments, and in this case the connection portion being one 

10 part of the member electrically connecting the solder ball 

(external electrode) and wiring is the same as in the twelfth 

embodiment. 

(Sixteenth Embodiment) 

Fig. 16 shows a sixteenth embodiment of the semiconductor 

15 device. The semiconductor device 190 shown in this figure has 

first wiring 194 formed on a semiconductor chip 192, a first 

stress relieving layer 196 formed on this wiring 194, and 

second wiring 198 formed on this stress relieving layer 196. 

In more detail, on the first wiring 194, a hole is formed 

20 in the first stress relieving layer 196, and the second wiring 

198 is formed from the first wiring 194 over the first stress 

relieving layer 196. 

On the second wiring 198, a copper (Cu) layer 200 is 

formed by plating, and on this copper (Cu) layer 200, a second 

25 stress relieving layer 202 is formed. In the second stress 

relieving layer 202, a hole 202a is formed over the copper 

(Cu) layer 200. A bump 204 is provided on the copper (Cu) 

layer 200. Part of the bump 204 contacts the second stress 
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relieving layer 202, and is arranged to transmit stress. 

According to the present embodiment, the connection 

portion 206 of the first and second wiring 194 and 198 and the 

connection portion 208 of the second wiring 198 and the bump 

5 204 are disposed on the different planes. Here, the connection 

portion 206 indicates the portion of contact between the first 

and second wiring 194 and 198, and the connection portion 208 

indicates the portion of contact between the second wiring 198 

and the bump 204. The connection portions 206 and 208 form a 

10 part of the member electrically connecting the wiring 194 and 

bump (external electrode) 204. 

Therefore, even if stress is transmitted from the bump 

204 through the connection portion 208 to the second wiring 

198, this stress tends not to be transmitted to the other 

15 connection portion 206. In this way, since stress is made less 

likely to be transmitted to the first wiring 194, wiring 

breaks in this wiring 194 are prevented. 

(Fabrication Process) 

Figs. 17A to 18C show a manufacturing method of a 

20 semiconductor device of the present embodiment. 

First, using well-known technology, normally, an 

electrode 302 and other elements are formed up to the state 

before carrying out dicing on a wafer 300- (see Fig. 17A). In 

the present embodiment, the electrode 302 is formed of 

25 aluminum, but equally an aluminum alloy material (for example, 

aluminum silicon, aluminum silicon copper, and so on) or a 

copper material may be used. 

On the surface of the wafer 300, a passivation film (not 
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shown in the drawings) such as an oxide layer is formed to 

prevent chem.; cal change. The passivation film is formed to 

avoid not only the electrode 302, but also a scribing line 

used to carry out dicing. By not forming the pas$ivation film 

5 on the scribing line, during dicing the creation of debris 

from the passivation film can be avoided, and furthermore, the 

generation of cracks in the passivation film can be prevented. 

Next, sputtering is carried out with the wafer 300 as the 

target, and the foreign objects are removed from the surface 

10 of the wafer 300 (in other words, reverse sputtering). 

Then, as shown in Fig. 17A, by means of sputtering a 

titanium tungsten (TiW) layer 304 and copper (Cu} layer 306 

are superimposed on the surface of the wafer 300. It should be 

noted that in this fabrication process, the example described 

15 has titanium tungsten (TiW) and copper (Cu} used for the 

wiring, but the present invention is not limited to this. 

Then, when the wiring resistance is lowered, in 

particular on the copper layer 306, a copper plating layer 308 

is formed by electroplating. The layer thicknesses may be, for 

20 example, approximately the following values: 

Titanium tungsten layer: 1000 angstroms (10-10 m) 

Copper layer: 1000 angstroms (10-10 m) 

Copper plating layer: 0.5 to 5 µm 

Next, as shown in Fig. 178, the titanium tungsten layer 

25 304, copper layer 306, and copper plating layer 308 are dry 

etched, applying photolithography technology, to form wiring 

310. 

In more detail, a photoresist (not shown in the drawings) 

is applied on the copper plating layer 308, and prebaking, 

-36-



---------- ----------------------

exposure and development are carried out. Drying and 

postbaking are carried out after washing. Then dry etching is 

applied to the copper plating layer 308 and copper layer 306 

f o r r i n s i n g , and the t i tan i um tungsten 1 ayer 3 o 4 i s dry 

5 etched. Next, the photoresist is removed and washing carried 

out. In this way, as shown in Fig. 178, the wiring 310 is 

formed. 

Next, the wiring 310 is subjected to ashing by an 02 

plasma, then after water is removed f ram the wafer 300, as 

10 shown in Fig. 17C, a polyimide resin 312 is applied to the 

whole surface of the wafer 300. The polyimide resin 312 forms 

a stress relieving layer same as the stress relieving layer 36 

and the like shown in Fig. 2. Here, by means of the ashing, 

the adhesion properties of the wiring 310 and wafer 300 with 

15 the polyimide resin 312 are improved. 

20 

For the polyimide resin 312, it is preferable to use one 

with good adhesion properties with the passivation film of the 

wafer 300, a low Young's modulus and a low water absorption 

ratio, and for which a large film thickness is possible. 

The polyimide resin 312 is now subjected to prebaking, 

exposure, drying, development, washing, drying and curing 

processes. In this way, as shown in Fig. 170, a hole 314 is 

formed in the polyimide resin 312. The polyimide resin 312, 

while adhered to the wiring 310 and wafer 300, is shrunk by 

25 the drying and curing processes, so that the inside of the 

hole 314 is shaped as a 60 to 70 degree taper. Therefore, it 

is preferable that the polyimide resin 312 is selected so that 

a taper is shaped inside the hole 314. 

Next, the surface of the polyimide resin 312 is subjected 
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to ashing by an 02 plasma, and sputtering is carried out with 

th i s pol y i mi de res i n 3 1 2 as the target to remove fore i g n 

objects. By means of the ashing, the adhesion properties of 

the surface of the polyimide resin 312 with a metal film are 

5 improved. 

Then as shown in Fig. 17E, by sputtering applied to the 

whole surface of the polyimide resin 312, a titanium tungsten 

(TiW) layer 316 and copper (Cu) layer 318 are formed to be 

overlaid. Then, a copper plating layer 320 is formed on the 

10 copper layer 318 by electroplating. It should be noted that in 

place of the titanium tungsten layer 316, a titanium (Ti) 

layer may be formed. The layer thicknesses may be, for 

example, approximately the following values: 

15 

Titanium tungsten layer: 1000 angstroms (10-10 m) 

Copper layer: 

Copper plating layer: 

1000 angstroms (10-10 m) 

0.5 to 100 µm 

Next, a photoresist is applied on the copper plating 

layer 320, then the copper plating layer 320 and copper layer 

318 are etched after prebaking, exposure, development, 

20 washing, drying and postbaking are carried out. Then the 

titanium tungsten layer 316 is etched after washing, and the 

photoresist is removed, and washing is carried out. 

In this way, as shown in Fig. 18A, the stress 

transmission portion 322 is formed on the wiring 310. Then 

25 ashing is carried out to the stress transmission portion 322 

by an 02 plasma. 

Then as shown in Fig. 188, a solder paste 324 is disposed 

on the stress transmission portion 322. The solder paste 324 

can be provided, for example, by screen printing. Besides, 
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when the particle size of the solder paste 324 is of the range 

around 25 to 15 µm, the printing mask will be easily released. 

Alternatively, the solder paste 324 may be provided by a 

solder plating method. 

Next, through a reflow process, the solder paste 324 is 

melted to form a solder ball 326 by means of surface tension, 

as shown in Fig. 18C. Then the flux is subjected to washing. 

According to the above described manufacturing method of 

a semiconductor device, almost all steps are completed within 

the stage of wafer processing. In other words, the step in 

which the external terminals for connection to the mounting 

board are formed is carried out within the stage of wafer 

processing, and it is not necessary to carry out the 

conventional packaging process, that is to say, in which 

15 individual semiconductor chips are handled, and an inner lead 

bonding process and external terminal formation process are 

carried out for each individual semiconductor chip. Besides, 

when the stress relieving layer is formed, a substrate such as 

a patterned film is not required. For these reasons, a 

20 semiconductor device of low cost and high quality can be 

obtained. 

(Other Embodiments) 

The present invention can be applied to a CSP 

semiconductor device. In Fig. 19 is shown a typical CSP 

25 semiconductor device. In this figure, a semiconductor chip 1 

has wiring 3 formed extending from electrodes 2 toward the 

center of an active surface 1a, and an external electrode 5 is 

provided on each wiring 3. All of the external electrodes 5 
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are provided on a stress relieving layer 7, so that the 

stresses can be relieved when mounted on a circuit board (not 

shown in the drawings). Besides, excluding the region of the 

external electrodes 5, a solder resist layer 8 is formed as a 

5 protective film. 

The stress relieving layer 7 is formed at least in the 

region surrounded by the e 1 ect rodes 12. It shou 1 d be noted 

that the electrodes 2 refer to the portions connected to the 

wiring 3. Besides, when the area required to form the external 

10 electrodes 5 is considered, although not shown in Fig. 19, the 

stress relieving layer 7 may be provided on the outside of the 

elect rodes 2, and the wiring 3 brought around the re on, to 

provide the external electrodes 5 in the same way. 

The electrodes 2 are positioned around the periphery of 

15 the semiconductor chip 1, in an example of the so-called 

peripheral electrode type, however, equally an area array type 

of semiconductor chip in which the electrodes are formed in a 

region inside the periphery of the semiconductor chip may be 

used. In this case, the stress relieving layer 7 may be formed 

20 to avoid at least a portion of the electrodes 2. 

As shown in this drawing, the external electrodes 5 are 

provided not on the electrodes 2 of the semiconductor chip 1, 

but in the active region (the region in which the active 

elements are formed) of the semiconductor chip 1. By providing 

25 the stress relieving layer 7 in the active region, and further 

positioning (bringing in) the wiring 3 within the active 

region, the external electrodes 5 can be provided within the 

active region. That is to say, a pitch conversion can be 

carried out. As a result, when laying out the external 

-40-



electrodes 5, the interior of the active region, that is to 

say, a region of a particular plane can be provided. Thus the 

flexibility for positioning the external electrodes 5 is 

greatly increased. 

:i By bending the wiring 3 at the required position, the 

external electrodes 5 can be aligned in a lattice. It should 

be noted that this is not an essential construction of the 

present invention, and therefore the external electrodes 5 do 

not necessarily have to be disposed in a lattice. 

10 In Fig. 19, at the junction of the electrodes 2 and 

15 

wiring 3 the size of the electrodes 2 and the size of the 

wiring 3 are such that: 

wiring 3 < electrodes 2 

but it is preferable that: 

electrodes 2 ~wiring 3 

In particular, in the case that: 

electrodes 2 < wiring 3 

not only is the resistance of the wiring 3 reduced, but 

also, since the strength is increased, wiring breaks are 

20 prevented. 

In each of the above described embodiments, 

where external stress applied to the solder 

in cases 

ball is 

concentrated in the wiring, the wiring is designed to be 

curved (or bent) in the planar direction, and in addition to 

25 or separate from this, a bent (curved) structure as in the 

fifteenth embodiment is adopted to each embodiment, so that 

concentration of stress on the wiring is dispersed. 

In such a semiconductor device, almost all steps can be 

completed within the stage of wafer processing. More 
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specifically, a plurality of electrodes 2 are formed on the 

wafer, and a stress relieving layer 7 is disposed on the wafer 

avoiding the electrodes 2, and individual semiconductor 

devices are cut from the wafer after gone through the process 

5 of forming wiring 3 from the electrodes 2. 

Here, for the formation of the electrodes 2 and wiring 3, 

for example, sputtering, etching, or other thin metal film 

forming technology can be applied. For the formation of the 

external electrodes 5, a solder plating process can be 

10 applied. Furthermore, for the formation and processing of the 

st res s re 1 i e vi n g 1 ayer 7 , a photo l i tho g rap h y i n wh i ch a 

photosensitive resin is exposed and developed can be applied. 

These steps can all be carried out during wafer processing. 

In this way, after carrying out almost all of the steps 

15 1n wafer processing, the individual semiconductor devices are 

cut. By doing this the stress relieving layer 7, wiring 3, and 

external electrodes 5 of a plurality of semiconductor devices 

can be formed simultaneously. As a result, the fabrication 

process can be simplified. 

20 In Fig. 20 is shown a circuit board 1000 on which is 

mounted a semiconductor device 1100 fabricated by the method 

of the above described embodiment. The circuit board generally 

uses an organic compound substrate such as glass epoxy. A 

wiring pattern of, for example, copper is formed on the 

25 circuit board to form a desired circuit. The electrical 

connection is achieved by mechanical connection of the wiring 

pattern and the external terminals of the semiconductor 

device. In this case, since the above described semiconductor 

device has a construction for absorbing strain generated by 
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differences in thermal expansion with the exterior provided by 

the stress relieving portion, when this semiconductor device 

is mounted on the circuit board and thereafter, the 

reliability can be improved. Besides, if appropriate attention 

5 is paid to the wiring of the semiconductor device, the 

reliability during connection and the reliability after 

connection can be improved. It should be noted that the 

mounting area can also be reduced to the area for mounting as 

a bare chip. Therefore, when this circuit board is used in an 

10 electronic instrument, the electronic instrument itself can be 

made more compact. Besides, within the same area, greater 

effective mounting space can be made available, and it is 

possible to design for greater functionality. 

Next, as an electronic instrument provided with this 

15 circuit board 1000, Fig. 21 shows a notebook personal computer 

1200. 

It should be noted that the above described embodiments 

apply the present invention to a semiconductor device, but the 

present invention can be applied to any surface-mounted 

20 electronic component, whether active or passive. Electronic 

components include, for example, resistors, capacitors, coils, 

oscillators, filters, temperature sensors, thermistors, 

varistors, variable resistors, and fuses. In addition, by 

using given electronic element in place of the semiconductor 

25 element in the above described embodiments, and by forming the 

same kind of stress transmission portion as in the above 

·described embodiments, stress can be relieved by the stress 

relieving portion, and wiring breaks and the like can be 

prevented. Since the manufacturing method is the same as in 
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the above described embodiment, description is omitted. 
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1. A semiconductor device comprising: 

a semiconductor element; 

an external electrode provided within a region of 

5 the semiconductor element for external connection; 

wiring connected through a connection portion to the 

external electrode and electrically connecting the 

semiconductor element and the external electrode; 

a stress relieving portion provided on the 

10 semiconductor element; and 

a stress transmission portion transmitting stress 

from the external electrode to the stress relieving portion. 

2. The semiconductor device of claim 1, wherein the 

wiring is provided on the stress relieving portion and the 

15 stress transmission portion is provided in the connection 

portion. 

3. The semiconductor device of claim 1, wherein the 

wiring is provided under the stress relieving portion, the 

connection portion is provided to pass through the stress 

20 relieving portion and the stress transmission portion is 

formed on the stress relieving portion integrally with the 

connection portion. 

4. The semiconductor device of claim 3, wherein the 

stress relieving portion is formed with a thickness to reach 

25 the stress transmission portion from the wiring. 
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5. The semiconductor device of claim 41 wherein the 

stress relieving portion has a groove formed outside of the 

stress transmission portion. 

6. The semiconductor device of claim 31 wherein the 

5 stress relieving portion has a space formed between a contact 

position on the wiring and a contact position under the stress 

transmission portion. 

7. The semiconductor device of claim 61 wherein the 

stress relieving portion is formed with a thickness to reach 

10 the stress transmission portion from the wiring and then 

etched from outside to underneath of the stress transmission 

portion. 

8. The semiconductor device of claim 31 further 

comprising a supplementary transmission portion provided at 

15 least between a root periphery of the external electrode and 

the stress relieving portion1 and transmitting stress from the 

external electrode to the stress relieving portion. 

9. The semiconductor device of claim 81 wherein the 

supplementary transmission portion is formed of a material 

20 capable of being used for the stress relieving portion. 

10. The semiconductor device of claim 11 wherein: 

the stress relieving portion includes a first stress 

relieving layer and a second stress relieving layer formed on 

the first stress relieving layer; 
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the wiring is provided between the first and second 

stress relieving layers; 

the connection portion is provided to penetrate the 

second stress relieving layer; and 

the stress transmission portion i~ formed on the 

second stress relieving layer integrally with the connection 

portion. 

11. The semiconductor device of claim 1, wherein: 

the stress relieving portion includes a first stress 

10 relieving layer and a second stress relieving layer formed on 

the first stress relieving layer; 

the wiring is provided between the first and second 

stress relieving layers; 

the connection portion is provided to penetrate the 

15 second stress relieving layer; and 

the stress transmission portion includes a first 

transmission portion formed between the first and second 

stress relieving layers integrally with the connection 

portion, and a second transmission portion formed on the 

20 second stress relieving layer inte9rally with the connection 

portion. 

12. The semiconductor device of claim 11, wherein the 

second transmission portion has a larger area than the first 

transmission portion, and transmits the stress to the second 

25 stress relieving layer. 

13. The· semiconductor device of claim 1, wherein the 
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stress transmission portion is provided without contacting the 

connection portion. 

14. The semiconductor device of claim 13, wherein the 

stress relieving portion has an isolation portion for 

5 inhibiting transmission of the stress between a support region 

supporting the stress transmission portion and a connection 

region in which the connection portion is formed. 

10 

15 

15. The semiconductor device of claim 14, wherein the 

isolation portion is a groove. 

16. The semiconductor device of claim 1, wherein the 

wiring has a bent portion forming an empty portion with the 

semiconductor element. 

17. The semiconductor device of claim 16, wherein a gel 

material is injected in the empty portion. 

18. The semiconductor device of claim 1, wherein: 

the stress relieving portion includes a first stress 

relieving layer and a second stress relieving layer formed on 

the first stress relieving layer; 

the wiring includes a first wiring portion formed 

20 below the first stress relieving layer and a second wiring 

portion formed between the first and second stress relieving 

layers; 

the connection portion includes a first wiring 

connection portion penetrating the first stress relieving 
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layer and connecting the first and second wiring portions and 

a second wiring connection portion penetrating the second 

stress relieving layer and connecting the external electrode 

and the second wiring portion, and the first and second wiring 

5 connection portions are disposed on different planes; and 

the stress transmission portion includes a first 

transmission portion formed between the first and second 

stress relieving layers integrally with the first wiring 

connection portion, and a second transmission portion formed 

10 on the second stress relieving layer integrally with the 

second wiring connection portion. 

19. The semiconductor device of claim 1, wherein the 

wiring is brought out from the external electrode 

substantially at right angles to a direction of generation of 

15 the stress. 

20. The semiconductor device of claim 1, wherein the 

stress transmission portion is formed at a position outside of 

the connection portion. 

21. An electronic component comprising: 

20 an electronic element; 

an external electrode for external connection; 

wiring electrically connecting the electronic 

element and the external electrode; 

a stress relieving portion provided on the 

25 electronic element; and 

a stress transmission portion transmitting stress 
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from the external electrode to the stress relieving portion, 

at a position outside of an electrical connection portion of 

the external electrode and the wiring. 

22. A method of making an electronic component 

5 comprising: 

10 

a step of integrally forming a plurality of 

electronic elements in substrate form; 

a step of forming an e 1 ect rode on each of the 

electronic elements in substrate form; 

a step of providing a stress relieving portion on 

the electronic elements in substrate form, avoiding the 

electrode; 

a step of forming wiring from the electrode; 

a step of providing a stress transmission portion 

15 transmitting stress from an external electrode to the stress 

relieving portion, at a position outside of an electrical 

connection portion of the wiring and the external electrode; 

and 

a step of separating the electronic elements in 

20 substrate form into individual elements. 

23. A method of making a semiconductor device 

comprising: 

a step of forming elec~rodes on a wafer; 

a step of providing a stress relieving portion on 

25 the wafer avoiding the electrodes; 

a step of forming wiring from the electrodes; 

a step of forming a stress transmission portion 
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transmitting stress from an external electrode to the stress 

relieving portion, at a position outside of an electrical 

connection portion of the wiring and the external electrode; 

and 

a step of separating the wafer into individual 

elements. 

24. The method of making a semiconductor device of claim 

23, wherein: 

the step of forming the stress relieving portion is 

10 carried out after the step of forming the wiring; and 

a step of forming a groove by etching in the stress 

relieving portion outside of the stress transmission portion 

is performed before the step of separating the wafer. 

25. The method of making a semiconductor device of claim 

15 23, wherein: 

the step of forming the stress relieving portion is 

carried out after the step of forming the wiring; and 

a step of etching the stress relieving portion to under 

the stress transmission portion is performed before the step 

20 of separating the wafer. 

26. The method of making a semiconductor device of claim 

23, further comprising a step of providing a material capable 

of being used for the stress relieving portion from over the 

stress relieving portion to at least a root periphery of the 

25 external electrode, to form a supplementary transmission 

portion, before the step of separating the wafer. 
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27. A circuit board having the semiconductor device of 

any one of claims to 20 and a substrate on which a desired 

wiring pattern is formed, wherein the external electrode of 

the semiconductor device is connected to the wiring pattern. 

28. An electronic instrument having the circuit board of 

claim 27. 
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