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PROCESS FOR MOUNTING ELECTRONIC 
DEVICE AND SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a technique effec 
tive When applied to an electronic device and a semicon 
ductor device comprising a semiconductor chip Which is 
?xed to the mounting face of a Wiring board through an 
adhesive and in Which external terminals are electrically 
connected With electrode pads of the Wiring board through 
bump electrodes. 

[0002] As a mounting method of mounting a semiconduc 
tor chip on the mounting face of a Wiring board, there is the 
?ip chip method Which is effected by interposing bump 
electrodes betWeen the electrode pads of the Wiring board 
and external terminals of the semiconductor chip. This ?ip 
chip method is classi?ed into the CCB (Controlled Collapse 
Bonding) method and the FCA (Flip Chip Attach) method. 

[0003] By the CCB method, the electrode pads of the 
Wiring board and the external terminals of the semiconduc 
tor chip are ?xed by the bump electrodes, and that they are 
electrically and mechanically connected. Speci?cally, ?rst, 
the bump electrodes having a ball shape and made of a 
metallic material having a composition of lead (Pb)—tin 
(Sn) are formed on the external terminals of the semicon 
ductor chip. Next, the semiconductor chip is disposed on the 
Wiring board so that the bump electrodes are sandWiched 
betWeen the electrode pads of the Wiring board and the 
external terminals of the semiconductor chip. Next, heat 
treatment is executed to melt the bump electrodes thereby to 
?x the electrode pads of the Wiring board and the external 
terminals of the semiconductor chip. By this CCB method, 
the electrode pads of the Wiring board and the external 
terminals of the semiconductor chip are ?xed by the bump 
electrodes. As a result, the thermal stress produced by the 
difference in the coef?cient of thermal expansion betWeen 
the Wiring board and the semiconductor chip may concen 
trate on the bump electrodes, thereby breaking the bump 
electrodes. In the CCB method, therefore, attempts have 
been made to compensate the mechanical strength of the 
bump electrodes With that of a resin by ?xing the electrode 
pads of the Wiring board and the external terminals of the 
semiconductor chip With the bump electrodes and then by 
?lling the clearance betWeen the Wiring board and the 
semiconductor chip With the resin. This technique is called 
the “under-?ll structure” and is utiliZed in the technique of 
packaging a semiconductor device. Such a semiconductor 
device of this under-?ll structure is disclosed, for example, 
in Denshi Zairyo [on pp. 14 to 19, April issue, 1996], issued 
by Kogyo Chosakai. 

[0004] In the FCA method, the bump electrodes formed on 
the external terminals of the semiconductor chip are pressed 
to the electrode pads of the Wiring board to connect them 
electrically and mechanically. Speci?cally, ?rst, the bump 
electrodes having a stud bump structure made of gold (Au) 
are formed on the external terminals of the semiconductor 
chip. Next, the semiconductor chip is so disposed on the 
Wiring board through a sheet-shaped adhesive made of a 
thermosetting resin that the bump electrodes are sandWiched 
betWeen the electrode pads of the Wiring board and the 
external terminals of the semiconductor chip. Next, the 
semiconductor chip is thermally bonded to set the adhesive, 
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With the bump electrodes connected With the electrode pads 
of the Wiring board. In the adhesive restoring the room 
temperature state, a compression force such as a thermal 
shrinkage force or a thermosetting shrinkage force is gen 
erated to press the bump electrodes to the electrode pads of 
the Wiring board. By this FCA method different from the 
foregoing CCB method, the electrode pads of the Wiring 
board and the external terminals of the semiconductor chip 
are not ?xed by using the bump electrodes, so that the 
thermal stress caused by the difference in the coef?cient of 
thermal expansion betWeen the Wiring board and the semi 
conductor chip does not concentrate on the bump electrodes. 
Simultaneously the step of connecting the bump electrodes 
With the electrode pads of the Wiring board and the step of 
?lling the clearance betWeen the Wiring board and the 
semiconductor chip With the resin are conducted. This FCA 
method is effective in manufacturing an electronic device 
such as a memory module or CPU (Central Processing Unit) 
module in Which a plurality of semiconductor chips are 
mounted over a Wiring board. 

[0005] Here, the FCA method is disclosed in Japanese 
Patent Laid-Open Nos. 4-345041/1992 and 5-175280/1993, 
for example. 

SUMMARY OF THE INVENTION 

[0006] We have investigated the FCA method and have 
found out the folloWing problems. 

[0007] Since the adhesive ?lled in the clearance betWeen 
the Wiring board and the semiconductor chip is made of a 
resin having a higher coef?cient of thermal expansion than 
that of the bump electrodes, the expansion of the adhesive in 
the thickness direction is larger than that of the bump 
electrodes in the height direction. During the temperature 
cycle test, therefore, clearances are established betWeen the 
electrode pads of the Wiring board and the bump electrodes, 
thereby causing defective connections betWeen the electrode 
pads of the Wiring board and the bump electrodes. 

[0008] The bump electrodes are held in press contact With 
the electrode pads of the Wiring board by the thermal 
shrinkage or thermosetting shrinkage force of the adhesive. 
Since the amount of change of expansion and shrinkage due 
to the heat change of the bump electrodes is larger than that 
of the adhesive, plastic deformation is caused at the ends (on 
the electrode pad side of the Wiring board) of the bump 
electrodes as a result of the repeated expansion and shrink 
age during the temperature cycle test, so that the height of 
the bump electrodes decreases. As a result, the clearance is 
established betWeen the electrode pads of the Wiring board 
and the bump electrodes, causing the defective connection 
betWeen the electrode pads of the Wiring board and the bump 
electrodes. 

[0009] An object of the invention is to provide a technique 
capable of enhancing the reliability of the connection 
betWeen the electrode pads of the Wiring board and the bump 
electrodes. 

[0010] The foregoing and other objects and novel features 
of the invention Will become apparent from the folloWing 
description to be made With reference to the accompanying 
draWings. 
[0011] A representative aspect of the invention to be 
disclosed herein Will be brie?y described in the folloWing. 
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[0012] There is provided an electronic device comprising 
a semiconductor chip Which is ?xed to the mounting face of 
a Wiring board through an adhesive and in Which external 
terminals are electrically connected With electrode pads of 
the Wiring board through bump electrodes, Wherein there are 
formed recesses in the electrode pads, and in the recesses the 
electrode pads are connected to the bump electrodes. The 
electrode pads are formed on the surface of a soft layer, and 
the recesses are formed by elastic deformation of the elec 
trode pads and the soft layer. 

[0013] By this means, the clearance betWeen the Wiring 
board and the semiconductor chip can be narroWed to an 
extent corresponding to the depth of the recesses, thereby 
reducing the thickness of the adhesive sandWiched betWeen 
the Wiring board and the semiconductor chip. As a result, the 
expansion of the adhesive in the thickness direction can be 
suppressed, thereby preventing defective connection 
betWeen the electrode pads of the Wiring board and the bump 
electrodes during the temperature cycle test, and enhancing 
the reliability of connection therebetWeen. 

[0014] Since the amount of change of expansion and 
shrinkage of the adhesive due to heat change can be reduced, 
moreover, it is possible to suppress the plastic deformation, 
Which might otherWise be caused by repeated expansion and 
shrinkage during the temperature cycle test, of the ends (on 
the electrode pad side of the Wiring board). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a top plan vieW shoWing a memory 
module (electronic device) of Embodiment 1 of the inven 
tion; 

[0016] FIG. 2 is a section shoWing an essential portion of 
FIG. 1 and taken along line A-A of FIG. 1; 

[0017] FIG. 3 is an enlarged section shoWing an essential 
portion of FIG. 2; 

[0018] FIG. 4 is sections illustrating a process for manu 
facturing the electronic device; 

[0019] FIG. 5 is a section illustrating the process for 
manufacturing the electronic device; 

[0020] FIG. 6 is a section illustrating the process for 
manufacturing the electronic device; 

[0021] FIG. 7 is a section illustrating the process for 
manufacturing the electronic device; 

[0022] FIG. 8 is a section illustrating the process for 
manufacturing the electronic device; 

[0023] FIG. 9 is a section shoWing a modi?cation of 
Embodiment 1 of the invention; 

[0024] FIG. 10 is a section shoWing a modi?cation of 
Embodiment 1 of the invention; 

[0025] FIG. 11 is a section shoWing a modi?cation of 
Embodiment 1 of the invention; 

[0026] FIG. 12 is a section shoWing a modi?cation of 
Embodiment 1 of the invention; 

[0027] FIG. 13 is a section shoWing of a semiconductor 
device of Embodiment 2 of the invention; 
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[0028] FIG. 14 is a top plan vieW shoWing a CPU module 
(electronic device) of Embodiment 3 of the invention; 

[0029] FIG. 15 is a section shoWing an essential portion of 
FIG. 14 and taken along line B-B of FIG. 14; 

[0030] FIG. 16 is a section shoWing an essential portion of 
FIG. 14 and taken along line C-C of FIG. 14; 

[0031] FIG. 17 is a section shoWing a shape of a heat 
diffusion plate of the CPU module; and 

[0032] FIG. 18 is a diagram shoWing a schematic con 
struction of an information processor having the CPU mod 
ule packaged therein. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] The invention Will be described in detail as related 
to its embodiments With reference to the accompanying 
draWings. 
[0034] Throughout all the draWings illustrating the 
embodiments of the invention, portions having identical 
functions are designated by identical reference numerals, 
and their repeated description Will be omitted. 

Embodiment 1 

[0035] FIG. 1 is a top plan vieW shoWing a memory 
module (electronic device) of Embodiment 1 of the inven 
tion; FIG. 2 is a section shoWing an essential portion of 
FIG. 1 and taken along line A-A of FIG. 1; and FIG. 3 is 
an enlarged section shoWing an essential portion of FIG. 2. 

[0036] A memory module (electronic device) of the 
present embodiment includes four semiconductor chips 10 
and one semiconductor device 20 mounted as mount parts 
on the mounting face of a Wiring board 1, as shoWn in FIG. 
1, to construct one memory system. In each of the four 
semiconductor chips 10, there is provided as a memory 
circuit an SRAM (Static Random Access Memory), for 
example. In the single semiconductor device 20, there is 
provided a control circuit for controlling the memory circuit 
of each of the four semiconductor chips 10. 

[0037] The Wiring board 1 is so constructed, as shoWn in 
FIG. 2, as to have a structure in Which a soft layer 3 is 
formed on one surface of a rigid board 2. This rigid board 2 
is made of a resin, Which is prepared by impregnating glass 
?bers With an epoxy resin or polyimide resin, for example. 
The rigid board 2 of the embodiment has a multi-layer 
Wiring structure. The soft layer 3 is made of an epoxy resin 
having a loW elasticity, e.g., a resin having a modulus of 
elasticity of about 2 GPa to 7 GPa at room temperature. 

[0038] On the surface of the soft layer 3, there are 
arranged a plurality of electrode pads 4A, although not 
shoWn in detail. Each of these electrode pads 4A is electri 
cally connected, through a Wiring 4C extending on the soft 
layer 3, With a Wiring 2A extending on one surface of the 
rigid board 2. The Wiring line 2A is electrically connected 
through an internal Wiring 2C of the rigid board 2 With each 
of a plurality of electrode pads 2B arranged on the back of 
the rigid board 2. With each of these electrode pads 2B, there 
is electrically and mechanically connected a ball-shaped 
bump electrode 17 Which is made of a metallic material 
having a composition of Pb—Sn, for example. The electrode 
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pad 4A, the Wiring 4C, the Wiring 2A, the electrode pad 2B 
and the internal Wiring 2C are individually a copper (Cu) 
?lm, for example. 

[0039] The surface of the soft layer 3 and the surface of the 
Wiring 4C are covered With a passivation ?lm 5, and the back 
of the rigid board 2 is covered With a passivation ?lm 6. 
These passivation ?lms 5 and 6 are made of a polyimide 
resin, for example. 

[0040] The semiconductor device 20 is constructed so as 
to have a structure in Which the external terminals of a 
semiconductor chip 21 and the inner portions of leads 22 are 
electrically connected through bonding Wires 23 and the 
semiconductor chip 21, the inner portions of the leads 22 and 
the bonding Wires 23 are encapsulated With a resin encap 
sulating material 24. The outer portions of the leads 22 of the 
semiconductor device 20 are electrically and mechanically 
connected With the electrode pads 4A of the Wiring board 1 
by soldering. 

[0041] The semiconductor chips 10 are bonded and ?xed 
to the mounting face of the Wiring board 1 through an 
adhesive 16. This adhesive 16 is made of a thermosetting 
resin such as an epoxy resin. 

[0042] The semiconductor chip 10 includes, as shoWn in 
FIG. 3, mainly a semiconductor substrate 11 made of single 
crystalline silicon, for example. On the element forming face 
(on the loWer face of FIG. 3) of the semiconductor substrate 
11, there are formed elements constituting an SRAM, and 
there are arranged a plurality of external terminals 13. Each 
of these external terminals 13 is formed on the uppermost 
layer out of the Wiring layers Which are formed on the 
element forming face of the semiconductor substrate 11 
through an insulating layer 12, and comprises an aluminum 
(Al) ?lm or an aluminum alloy ?lm, for example. Each 
external terminal 13 is electrically connected, through a 
Wiring formed in the Wiring layer, With the elements con 
stituting the SRAM. On the uppermost Wiring layer, there is 
formed a ?nal passivation ?lm 14. This ?nal passivation ?lm 
14 is made of a polyimide isoindole quinaZolinedion (PIQ) 
resin. 

[0043] BetWeen the external terminals 13 of the semicon 
ductor chip 10 and the electrode pads 4A of the Wiring board 
1, as shoWn in FIGS. 2 and 3, there are interposed bump 
electrodes 15. These bump electrodes 15 are ?xed to and 
electrically and mechanically connected With the external 
terminals 13 of the semiconductor chip 10 through the 
openings formed in the ?nal passivation ?lm 14 of the 
semiconductor chip 10. Moreover, the bump electrodes 15 
are pressed to and electrically and mechanically connected 
With the electrode pads 4A of the Wiring board 1 through the 
openings formed in the passivation ?lm 5 of the Wiring 
board 1. The connection of the bump electrodes 15 by the 
press is effected by the compressive force Which are pro 
duced in the adhesive 16 by thermal shrinkage and thermo 
setting shrinkage. In short, the semiconductor chip 10 is 
mounted over the mounting face of the Wiring board 1 by the 
FCA method. 

[0044] The bump electrodes 15 has a stud bump structure, 
although not limited thereto. This stud bump structure is 
made by the ball bonding method. In this ball bonding 
method, the balls formed at the leading end portions of Au 
Wires are connected to the external terminals of the semi 
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conductor chip by thermocompression bonding, and the Au 
Wires are cut from the portions of the balls to form the bump 
electrodes. 

[0045] In the electrode pad 4A against Which the bump 
electrode 15 is pressed, there is formed a recess 4B, in Which 
the bump electrode 15 and the electrode pad 4A are con 
nected. This connection betWeen the bump electrode 15 and 
the electrode pad 4A is effected in a deeper position, in the 
depthWise direction from the mounting face of the Wiring 
board 1, than the connection betWeen the lead 22 of the 
semiconductor device 20 and the electrode pad 4A. 

[0046] The thickness of the adhesive 16, interposed 
betWeen the Wiring board 1 and the semiconductor chip 10, 
is de?ned by the clearance t2 betWeen the Wiring board 1 and 
the semiconductor chip 10. This clearance t2 is de?ned by 
the height of the bump electrode 15 but is reduced by the 
depth t1 of the recess 4B because the connection betWeen the 
bump electrode 15 and the bump electrode 4A is effected in 
the recess 4B formed in the electrode pad 4A. In the 
electrode pad 4A of the Wiring board 1, more speci?cally, 
there is formed the recess 4B in Which the bump electrode 
15 and the electrode pad 4A are connected, so that the 
clearance t2 betWeen the Wiring board 1 and the semicon 
ductor chip 10 is narroWed to an extent corresponding to the 
depth t1 of the recess 4B. This makes it possible to reduce 
the thickness of the adhesive 16 interposed betWeen the 
Wiring board 1 and the semiconductor chip 10. As a result, 
the expansion of the adhesive 16, in the thickness direction, 
betWeen the Wiring board 1 and the semiconductor chip 10 
can be reduced Without reducing the height of the bump 
electrode 15. 

[0047] The recess 4B in the electrode pad 4A is formed by 
elastic deformation of the electrode pad 4A and the soft layer 
3. The elastic deformation of the electrode pad 4A and the 
soft layer 3 occurs as a result that the bump electrode 15 is 
pressed to the electrode pad 4A by the pressure of the 
semiconductor chip 10 When this semiconductor chip 10 is 
mounted on the mounting face of the Wiring board 1. As a 
result, the elastic forces of the electrode pad 4A and the soft 
layer 3 act upon the bump electrode 15. 

[0048] A process for manufacturing the memory module 
and a process for mounting the semiconductor chip 10 Will 
be described With reference to FIGS. 4 to 7 (sections 
illustrating the manufacture processes). 

[0049] First, a semiconductor chip 10 is prepared, and 
bump electrodes 15 of the stud bump structure are formed on 
the external terminals 13 of the semiconductor chip 10 by 
the ball bonding method, as shoWn in FIG. 4(A). This ball 
bonding method is a method for forming bump electrodes by 
bonding the balls formed at the end portions of the Au Wires 
to the external terminals of the semiconductor chip by 
thermocompression bonding and subsequently by cutting 
the Au Wires at the portions of the balls. As a result, the 
bump electrodes 15 of the stud bump structure take a larger 
height than that of the bump electrodes Which are formed by 
the lift-off method and the ball supply method. 

[0050] Next, as shoWn in FIG. 4(B) the semiconductor 
chip 10 is mounted on a bare chip carrier jig 30 and is 
subjected to a burn-in test. This burn-in test is conducted 
With a vieW to eliminating defective products at the initial 
stage before they are shipped to the customer, by operating 










