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(57) ABSTRACT 

A flip-chip BGA is disclosed which exhibits an excellent 
high-speed electric transmission characteristic while mini 
mizing the formation of Voids in Sealing resin filled between 
a Semiconductor chip and a wiring Substrate. A Silicon chip 
is flip-chip-mounted on a package Substrate, and in a central 
area of a main Surface of the Silicon chip are arranged a 
power Supply circuit, an input/output circuit, and plural 
bonding pads, while in the other area than the central area 
are arranged Solder bumps in a matrix form, the Solder 
bumps being electrically connected to the bonding pads 
through Cu wiring. Of the solder bumps, solder bumps for 
input/output power Supply and Solder bumps for the input 
and output of a data Signal are arranged in a first area 
adjacent to the central area, and Solder bumps for address 
Signal input are arranged in a Second area located outside the 
first area. 

18 Claims, 22 Drawing Sheets 
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SEMCONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

The present invention relates to a Semiconductor device 
and more particularly to a technique applicable effectively to 
a semiconductor device of a BGA (Ball Grid Array) struc 
ture wherein a Semiconductor chip is flip-chip-mounted onto 
a wiring Substrate, the Semiconductor chip being fabricated 
using what is called a wafer process package (WPP) tech 
nique involving carrying out a package process by the 
application of a wafer process (pre-process). 
BGA (Ball Grid Array), which is a kind of a semicon 

ductor package, has a Structure wherein a large number of 
bump electrodes formed by Solder for example are arrayed 
on a main Surface of a Semiconductor chip with an integrated 
circuit formed thereon. 

When mounting the BGA onto a wiring substrate, it is 
usually necessary that a gap between the BGA and the 
wiring Substrate be filled with a Sealing resin called under 
fill resin to protect a connection between the BGA and the 
wiring Substrate. 

However, the under-fill resin is poured into the gap 
between the BGA and the wiring substrate by a capillary 
action, So if the arrangement of bump electrodes is irregular, 
the flow of the resin becomes non-uniform and voids not 
filled with the resin are formed partially, thus giving rise to 
the problem that the connection reliability between the BGA 
and the wiring Substrate is deteriorated. 
A countermeasure to the aforesaid formation of Voids 

during the pouring of under-fill resin is publicly known in 
Japanese Published Unexamined Patent Application No. Hei 
8 (1996)-97313 for example. This publication discloses a 
technique wherein protuberances Such as dummy bumps are 
formed in a bump electrode-free region on a main Surface of 
a Semiconductor chip to improve the flow of Sealing resin 
based on a capillary action. 

Japanese Published Unexamined Patent Application No. 
2001-15554 discloses a technique wherein plural parallel or 
radial grooves are formed in an insulating protective film 
Such as Solder resist which covers a Surface of a wiring 
Substrate (circuit board) with a semiconductor chip mounted 
thereon. When Sealing resin is poured between the Semicon 
ductor chip and the circuit board, the liquid resin flows 
Smoothly through the aforesaid grooves, So that clogging 
and the formation of bubbles are prevented and the forma 
tion of Voids is Suppressed. 

SUMMARY OF THE INVENTION 

The present inventors have already developed a BGA 
wherein a SRAM (Static Random Access Memory) chip 
used for example as a cache memory in a work Station is 
flip-chip-mounted on a wiring Substrate. 

This type of a high-speed SRAM is required to possess a 
high-Speed electric transmission characteristic and therefore 
it is necessary that Semiconductor chip-side power Supply 
wiring and wiring Substrate-side power Supply wiring, as 
well as Signal wiring, be made as short as possible. 

However, if there is adopted a wiring layout with priority 
given to a high-speed electric transmission characteristic, 
there arises a restriction on the layout of bump electrodes, 
which layout becomes irregular. Consequently, when Sealing 
resin is poured between a Semiconductor chip and a wiring 
Substrate, a Void is formed in a portion where the layout of 
bump electrodes is irregular. If the Void is Small in size, it 
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2 
does not pose a Serious problem, but in the case of Such a 
large Void as Spans plural bump electrodes, there is a fear 
that bump electrodes located inside the Void may cause a 
Short-circuit when high heat is applied to the wiring Sub 
Strate for example at the time of mounting BGA onto a 
mother board. 

Therefore, in case of developing such a BGA for a 
high-speed SRAM as mentioned above, it is required to 
make a wiring design capable of attaining a high-speed 
electric transmission characteristic while minimizing the 
formation of void. 

It is an object of the present invention to provide a 
technique capable of attaining a flip chip BGA Superior in 
high-speed electric transmission characteristic. 

It is another object of the present invention to provide a 
technique capable of improving the reliability of a flip chip 
BGA Superior in high-Speed electric transmission character 
istic. 

The above and other objects and novel features of the 
present invention will become apparent from the following 
description and the accompanying drawings. 

Typical modes of the present invention as disclosed herein 
will be outlined below. 

According to the present invention there is provided a 
Semiconductor device wherein a Semiconductor chip is 
flip-chip-mounted onto a wiring Substrate through a plurality 
of bump electrodes formed on a main Surface of the Semi 
conductor chip, characterized in that a power Supply circuit, 
an input/output circuit, and a plurality of pads are arranged 
in a central area of the main Surface of the Semiconductor 
chip; a plurality of bump electrodes are arrayed in the other 
area than the central area of the main Surface of the Semi 
conductor chip, the bump electrodes being electrically con 
nected to the pads through metal wiring, of the plural bump 
electrodes, those for input/output power Supply and those for 
the input and output of a data Signal are mainly arranged in 
a first area adjacent to the central area of the main Surface of 
the Semiconductor chip; and bump electrodes for the input of 
an address Signal are mainly arranged in a Second area 
located outside the first area. 

Between the first and Second areas of the Semiconductor 
chip is provided a third area in which is disposed a portion 
of the metal wiring which portion connects the bump 
electrodes for the input of an address signal and the pads 
with each other. On the other hand, on a Surface of the wiring 
Substrate are formed a plurality of electrode pads to which 
are connected the bump electrodes for an input/output power 
Supply, and in the interior of the wiring Substrate is formed 
a power plane which is electrically connected to the elec 
trode pads via through holes, the through holes being 
arranged in an area opposed to the third area of the Semi 
conductor chip. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of a Semiconductor device according 
to an embodiment of the present invention; 

FIG. 2 is a sectional view taken along line II-II in FIG. 
1; 

FIG. 3 is a partially enlarged sectional view of FIG. 2; 
FIG. 4 is a plan view of the semiconductor device; 
FIG. 5 is a plan view showing a circuit configuration of 

a Semiconductor chip mounted on the Semiconductor device; 
FIG. 6 is a plan view showing a bump electrode layout on 

the Semiconductor chip mounted on the Semiconductor 
device; 
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FIG. 7 is a sectional view of a principal portion of the 
Semiconductor chip mounted on the Semiconductor device; 

FIG. 8 is a partially enlarged sectional view of FIG. 7; 
FIG. 9 is a plan view of a semiconductor wafer, showing 

a method for manufacturing the Semiconductor device, 
FIG. 10 is a sectional view of a principal portion of the 

Semiconductor wafer, showing the Semiconductor device 
manufacturing method; 

FIG. 11 is a sectional view of the principal portion of the 
Semiconductor wafer, showing the Semiconductor device 
manufacturing method; 

FIG. 12 is a sectional view of the principal portion of the 
Semiconductor wafer, showing the Semiconductor device 
manufacturing method; 

FIG. 13 is a sectional view of the principal portion of the 
Semiconductor wafer, showing the Semiconductor device 
manufacturing method; 

FIG. 14 is a sectional view of the principal portion of the 
Semiconductor wafer, showing the Semiconductor device 
manufacturing method; 

FIG. 15 is a sectional view of the principal portion of the 
Semiconductor wafer, showing the Semiconductor device 
manufacturing method; 

FIG. 16 is a sectional view of the principal portion of the 
Semiconductor wafer, showing the Semiconductor device 
manufacturing method; 

FIG. 17 is an explanatory diagram showing a bump 
electrode forming Step for the Semiconductor device; 

FIG. 18 is an explanatory diagram showing a wafer dicing 
Step for the Semiconductor device, 

FIG. 19 is a Sectional view showing a chip mounting Step 
for the Semiconductor device; 

FIG.20 is a plan view showing the layout of signal wiring 
and through holes formed on a wiring Substrate of the 
Semiconductor device, as well as the layout of metal wiring 
and bump electrodes formed on a Semiconductor chip 
mounted on the wiring Substrate; 

FIG. 21 is a sectional view showing the semiconductor 
device manufacturing method; and 

FIG. 22 is a Sectional view showing the Semiconductor 
device manufacturing method. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

An embodiment of the present invention will be described 
in detail hereinunder with reference to the accompanying 
drawings. In all of the drawings for explaining the 
embodiment, components having the same functions are 
identified by like reference numerals, and repeated expla 
nations thereof will be omitted. In the following 
embodiment, explanations of Same or Similar portions will 
not be repeated in principle except the case where a repeated 
explanation is necessary. 

FIG. 1 is a plan View of a Semiconductor device according 
to this embodiment and FIG. 2 is a sectional view taken 
along line II-II in FIG. 1. 
The semiconductor device of this embodiment is a BGA 

wherein a Single Silicon chip 1A is flip-chip-mounted on a 
main Surface of a package Substrate (wiring Substrate) 2. An 
external size of the package Substrate 2 is, for example, 22 
mmx14 mm and that of the Silicon chip 1A is, for example, 
12.8 mmx10.3 mm. The silicon chip 1A is fabricated using 
what is called a wafer process package wherein a package 
proceSS is handled by the application of Such a wafer proceSS 
(pre-process) as will be described later. 
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4 
FIG. 3 is a partially enlarged sectional view of FIG. 2. As 

shown in the Same figure, the package Substrate 2 is a wiring 
Substrate having an insulating layer formed of glass-epoxy 
resin or BT (Bismaleimide Triazine) or the like and four 
layers of Cu wirings 15 to 18 formed on an upper surface and 
a back Surface of the insulating layer and also in the interior 
of the Same layer. 
Of the four layers of Cu wirings 15 to 18, the first layer 

of Cu wiring 15 formed on the upper Surface of the package 
substrate 2 and the fourth layer of Cu wiring 18 formed on 
the back Surface mainly constitute a signal wiring. The 
second layer of Cu wiring 16 formed in the interior of the 
package Substrate 2 constitute a ground plane, while the 
third layer of Cu wiring 17 constitute a power Supply plane. 
The first to third layers of Cu wirings 15, 16, 17 are 
connected to any of the fourth layer of wiring 18 via through 
holes 19 formed through the package substrate 2. The 
surface of the first layer of Cu wiring 15 is coated with a 
solder resist 27 except surfaces of the electrode pads 4 which 
are one end portion of the wiring 15. Likewise, the Surface 
of the fourth layer of Cu wiring 18 is coated with solder 
resist 27 except surfaces of the electrode pads 3 which are 
one end portion of the wiring 18. 

Solder balls 5 which constitute external connecting ter 
minals of BGA are connected to the electrode pads 3 which 
are one end portion of the fourth layer of Cu wiring 18. As 
shown in FIG. 4, the solder balls 5 are arranged in matrix 
form on the back Surface of the package Substrate 2. For 
example, the number of solder balls 5 is 119. 

Plural (214 for example) solder bumps 6 are formed on a 
main Surface of the Silicon chip 1A which is mounted on the 
package Substrate 2, and are respectively connected electri 
cally to corresponding electrode pads 4 formed on the 
package Substrate 2. A gap formed between the Silicon chip 
1A and the package substrate 2 is filled with under-fill resin 
(Sealing resin) 7 which is, for example, an epoxy resin with 
silicon filler incorporated therein. The under-fill resin fulfills 
both a function of relaxing a StreSS which is imposed on the 
Solder bumps 6 as connections between the Silicon chip 1A 
and the package Substrate 2 due to a difference in thermal 
expansion coefficient between the two and a function of 
preventing the entry of water or the like onto the main 
surface of the silicon chip 1A. A metallic cover plate 8 for 
both protection of and heat radiation from the Silicon chip 
1A is affixed to a back Surface (upper Surface) of the Silicon 
chip using an adhesive 9. 
On the main surface of the silicon chip 1A is formed a 

high-speed SRAM (Static Random Access Memory) which 
is used for example as a cache memory in a work Station. AS 
shown in FIG. 5, in a central area of the main Surface of the 
Silicon chip 1A are arranged power Supply circuits and 
input/output circuits in the longitudinal direction of the 
Silicon chip. The input/output circuits includes data input/ 
output circuits (DQ), control input circuits (CNTL), and 
address input circuits (ADR), of which the control input 
circuits (CNTL) and address input circuits (ADR) are 
arranged inside the data input/output circuits (DQ). On both 
Sides of the central area with those input/output circuits and 
power Supply circuits arranged therein there is disposed a 
memory section of SRAM. The memory section is divided 
into plural memory mats and has a storage capacity of 32 
megabits (Mbits) for example. 
As shown in FIG. 6, on the surface of the silicon chip 1A 

are arranged the plural Solder bumpS 6 in a matrix form. The 
Solder bumps 6 are mainly located on the memory Section 
and another portion thereof are arranged in the central area 
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where the power Supply circuits and the input/output circuits 
are arranged. Further, bonding pads BP, which are electri 
cally connected to the power Supply circuits or the input/ 
output circuits through Al wiring (not shown), are arranged 
in the central area of the Silicon chip 1A in two rows in the 
longitudinal direction of the Silicon chip 1A. 
As shown in FIG. 6, the plural solder bumps 6 comprise 

solder bumps 6 (VDD) for power supply, solder bumps 6 
(VSS) for ground, solder bumps 6 (VDDQ) for input/output 
power Supply, Solder bumps 6 (DQ) for the input and output 
of a data signal, solder bumps 6 (ADR) for the input of an 
address signal, and solder bumps 6 (CNTL) for the input of 
a control signal. Further, lands 10AP with solder bumps 6 
not connected thereto are formed on part of the Surface of the 
silicon chip 1A. The lands 10AP are used as test pads in 
probe inspection which is conducted in the Silicon chip 1A 
manufacturing process to be described later. 

In the BGA of this embodiment, bonding pads BP are 
electrically connected respectively through Cu wiring (metal 
wiring) 10 to mainly solder bumps 6 (VDDQ) for input/ 
output power Supply, Solder bumps 6 (DQ) for the input and 
output of a data signal, and solder bumps 6 (ADR) for the 
input of an address Signal, of the plural Solder bumps 6. 
Likewise, bonding pads BP are electrically connected 
respectively through Al wiring (not shown in the drawing) to 
mainly solder bumps 6 (VDD) for power supply, solder 
bumps 6 (VSS) for ground, and solder bumps 6 (CNTL) for 
the input of a control Signal. A portion of the Solder bumps 
6 (VDD) for power supply and that of the solder bumps 6 
(VSS) for ground are connected through Cu wiring 10 to Al 
wiring for power Supply or Al wiring for ground without 
through bonding pads BP. 

In the BGA of this embodiment, the solder bumps 6 
(VDDQ) for input/output power Supply are arranged in an 
area (first area) adjacent to the central area where the power 
Supply circuits and the input/output circuits are formed, 
thereby shortening the wiring length of the Cu wiring 10 
which connects the solder bumps 6 (VDDQ) for input/output 
power Supply and bonding pads BP with each other. By 
arranging the solder bumps 6 (VDDQ) for input/output 
power Supply at Such a position it is possible to diminish the 
impedance of the Cu wiring 10 in which there flows I/O 
power, So that the high-speed electric transmission charac 
teristic of SRAM is improved. 

In the BGA of this embodiment, moreover, by arranging 
the solder bumps (DQ) for the input and output of a data 
Signal in the area (first area) adjacent to the central area, the 
wiring length of Cu wiring 10 which connects the solder 
bumpS 6 (DQ) for the input and output of a data signal and 
bonding pads BP with each other is made short to attain the 
Speed-up of a data Signal. 

In the BGA of this embodiment, the solder bumps 6 
(ADR) for the input of an address signal are arranged 
Substantially in one row in an area (second area) located 
outside the first area. Further, an area (third area) into which 
the Cu wiring 10 extends is formed between the first and 
Second areas, and the Cu wiring 10 which connects the 
solder bumps 6 (ADR) for the input of an address signal and 
bonding pads BP with each other is disposed mainly in the 
third area. 

In the BGA of this embodiment, the lands 10AP for probe 
inspection are arranged mainly in the row where the Solder 
bumps 6 (ADR) for the input of an address signal are 
arranged. By arranging in Such a position the lands 10AP 
with solder bumps 6 not connected thereto, the formation of 
Such a large Void as spans plural Solder bumps 6 is Sup 
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pressed at the time of filling the gap between the Silicon chip 
1A and the package Substrate 2 with under-fill resin 7, So that 
it is possible to prevent short-circuit between Solder bumps 
6. 

FIG. 7 is a sectional view of a principal portion of the 
Silicon chip 1A. The main Surface of the Silicon chip 1A, 
except the area where Solder bumps 6 are formed, is covered 
with a top protective film 12 which is formed of a photo 
Sensitive polyimide resin for example. Below the top pro 
tective film 12 are formed Cu wiring 10 and lands 10A 
which constitute one end portion of the wiring 10, and solder 
bumps 6 are connected to upper Surfaces of the lands 10A. 
Cu wiring 10 and lands 10A are each constituted by a 
laminate film of, for example, Cu film and Ni (nickel) film. 
A photosensitive polyimide resin film 11 underlies both Cu 
wiring 10 and lands 10A. An opposite end portion of Cu 
wiring 10 is electrically connected to the bonding pads BP 
through apertures 13 formed in the photoSensitive polyimide 
resin film 11. 

FIG. 8 is a partially enlarged sectional view of FIG. 7. On 
the main Surface of the Silicon chip 1A are formed an 
n-channel MISFET Qn and a p-channel MISFET Qp both 
constituting circuit components of SRAM. Above the n- and 
p-channel MISFETs On, Qp are formed, successively from 
below, insulating film 20, first-layer Al wiring 21, first 
inter-layer isolation film 22, Second-layer Al wiring 23, 
second inter-layer isolation film 24, third-layer Al wiring 25, 
and inorganic passivation film26. The insulating film 20 and 
the first and Second inter-layer isolation films (22, 24) are 
each formed by a Silicon oxide film, and the inorganic 
passivation film is formed by a laminate film of a Silicon 
oxide film and a silicon nitride film. The bonding pads BP 
are formed by etching the inorganic passivation film 26 
which overlies the third-layer Al wiring as the top-layer 
wiring, allowing a portion of the third-layer Al wiring 25 to 
be exposed. 

For fabricating the silicon chip 1A there first is provided 
such a silicon wafer 1 as shown in FIG. 9. Plural chip areas 
1B are defined in matrix form on a main Surface of the 
silicon wafer 1, and the SRAM having such a circuit block 
as shown in FIG. 5 is formed in each chip area 1B. 
As shown in FIG. 10, the circuit of SRAM is constituted 

by n-channel MISFET Qn, p-channel MISFET Qp, and first 
to third-layer Al wirings (21, 23, 25). These MISFETs and 
Al wirings which constitute the SRAM circuit are formed by 
a known wafer process. Centrally of each chip area 1B are 
arranged bonding pads BP, the bonding pads BP being 
formed by etching the passivation film 26 which covers the 
Surface of the third-layer Al wiring 25 as the top wiring layer 
to expose a portion of the third-layer Al wiring 25. 

Next, as shown in FIG. 11, a photosensitive polyimide 
resin film 11 is formed on the inorganic passivation film 26 
by a spin coating method and thereafter apertures 13 are 
formed in the photosensitive polyimide film 11 to expose 
surfaces of the bonding pads BP. For forming the apertures 
13, the photosensitive polyimide resin film 11 is half 
hardened by exposure and baking in the other area than the 
portions located above the bonding pads BP and Subse 
quently unexposed (unhardened) portions above the bonding 
pads BP are removed by development. The photosensitive 
polyimide resin film 11, together with the underlying inor 
ganic passivation film 26, functions as an inter-layer isola 
tion film which isolates the third-layer Al wiring 25 and 
later-formed Cu wiring 10 from each other. 

Next, the Semi-hardened photoSensitive polyimide resin 
film 11 is hardened completely by baking the wafer 1 and 
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thereafter, as shown in FIG. 12, a plating Seed layer 14 is 
formed on the photosensitive polyimide resin film 11, 
including the Surfaces of the bonding pads BP exposed to 
bottoms of the apertures 13. The plating seed layer 14 is 
constituted by a laminate film of both Cr film and Cu film 
deposited by Sputtering for example. 

Then, as shown in FIG. 13, a photoresist film 31, which 
is open in a Cu wiring forming area, is formed on the plating 
seed layer 14 and a metal film 10B is formed on the surface 
of the plating Seed layer 14 by an electrolytic plating method 
using the photoresist film 31 as mask. The metal film 10B is 
constituted by a laminate film of Cu film and Ni film. The Ni 
film on the Cu film is formed for preventing the inconve 
nience that the lands 10A and the Cu wiring 10 become 
fragile due to diffusion of Sn in the Cu film which Sn is a 
main component of the Solder bumps 6. 

Next, the photoresist film 31 is removed and thereafter, as 
shown in FIG. 14, unnecessary plating Seed layer 14 remain 
ing on the photosensitive polyimide resin film 11 in the other 
area than the Cu wiring forming area is removed by wet 
etching to form Cu wiring 10 constituted by the metal film 
10B. When removing the plating seed layer 14 by wet 
etching, the surface of the metal film 10B (Cu wiring 10) is 
also etched at the same time, but there arises no problem 
because its film thickneSS is much larger than that of the 
plating Seed layer 14. 

Then, as shown in FIG. 15, a photosensitive polyimide 
resin film is formed on the Cu wiring 10 by spin coating to 
form a top protective film 12. Thereafter, the top protective 
film 12 on one end portion of the Cu wiring 10 is removed 
by exposure and development to form lands 10A. 

Subsequently, probe inspection is performed for deter 
mining whether each chip area 1B is good or bad. This 
inspection is conducted by applying a probe to the lands 10A 
and dedicated lands 10AP formed for probe inspection. 

Next, Au plating layer (not shown) is formed on the 
Surface of each land 10A by an electroleSS plating method 
and thereafter, as shown in FIG. 16, solder bumps 6 are 
formed on the lands 10A. For forming the solder bumps 6, 
as shown in FIG. 17, a solder printing mask 33 having 
apertures 32 corresponding to the layout of lands 10A is 
Superimposed on the main Surface of the Silicon wafer 1A 
and Solder paste 6A is printed onto the lands with use of a 
Squeegee 34. Thereafter, the Silicon wafer 1 is heated, 
allowing the solder paste 6A on the lands 10A to reflow, 
whereby such spherical solder bumps 6 as shown in FIG. 16 
are obtained. The solder bumps 6 may also be formed by a 
method involving feeding Solder balls pre-formed in Spheri 
cal shape to the upper Surfaces of the lands 10A and 
Subsequently heating the wafer 1 to reflow the solder balls. 

Then, as shown in FIG. 18, the wafer is diced into each 
individual chip area 1B by means of a dicing blade 35, 
whereby there is obtained Such a Silicon chip 1A as shown 
in FIGS. 5 and 6. The silicon chip 1A thus obtained is 
Subjected to various final inspections, including perfor 
mance and appearance inspections, then is accommodated in 
a tray jig and is conveyed to an assembling Step, in which it 
is mounted onto the package Substrate 2. 

For mounting the Silicon chip 1A onto the package 
substrate 2, as shown in FIG. 19, flux (not shown) is printed 
onto the electrode pads 4 formed on the Supper Surface of the 
package Substrate 2, then the Solder bumpS 6 on the Silicon 
chip 1A are positioned onto the corresponding electrode 
pads 4 and the package Substrate 2 is heated to reflow the 
Solder bumpS 6, thereby connecting the Solder bumpS 6 and 
the electrode pads 4 with each other. 
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FIG. 20 is a plan view showing a Superimposed state of 

Signal wirings (first-layer Cu wiring 15 and fourth-layer Cu 
wiring 18) on the package substrate 2 and through holes 19, 
as well as Cu wiring 10 and solder bumps 6 on the silicon 
chip 1A mounted on the package Substrate 2. 
As shown in the figure, of the through holes 19 formed on 

the package substrate 2, the through holes 19 (VDDQ) for 
input/output power Supply connected to the third-layer 
power supply plane (Cu wiring 17 shown in FIG. 3) are 
arranged in an area opposed to the area (third area) in which 
Cu wiring 10 is disposed, the Cu wiring 10 connecting the 
solder bumps 6 (ADR) for address signal input formed on 
the silicon chip 1A and the bonding pads BP with each other. 
By arranging the through holes 19 (VDDQ) for input/output 
power Supply in Such a position, the wiring line from the 
electrode pads 4 on the package Substrate 2 with the I/O 
power supply solder bumps 6 (VDDQ) connected thereto up 
to the power Supply plane become Short, So that the high 
speed electric transmission characteristic of SRAM is 
improved. 

Next, as shown in FIG. 21, Solder balls 5 are connected to 
the electrode pads 3 formed on the lower surface of the 
package Substrate 2. For connecting Solder balls 5 to the 
electrode pads 3, first flux is printed onto the surfaces of the 
electrode pads 4, then Solder balls pre-formed in Spherical 
shape are fed onto the electrode pads 3, and thereafter the 
wafer 1 is heated to reflow the Solder balls. 

Then, the upper and lower Surfaces of the package Sub 
Strate 2 are washed to remove flux residue and thereafter, as 
shown in FIG. 22, the gap between the upper Surface of the 
package Substrate 2 and the main Surface of the Silicon chip 
1A is filled with under-fill resin 7, followed by heat 
hardening. Subsequently, a metallic cover plate 8 is affixed 
to the upper Surface of the Silicon chip 1A with use of an 
adhesive 9, followed by going through hardening of the 
adhesive 9 and burn-in inspection, to complete BGA of this 
embodiment. 

The present invention has been described above con 
cretely by way of an embodiment thereof, but it goes without 
Saying that the invention is not limited to the above 
embodiment, but that various changes may be made within 
the Scope not departing from the gist of the invention. 
The silicon chip is not limited to SRAM chip, but may be 

such a memory as DRAM (Dynamic Random Access 
Memory) or flash memory, or a mixture of Such memories. 
The present invention is generally applicable widely to 

BGAS and multi-chip modules wherein a Semiconductor 
chip for high-Speed operations are required is flip-chip 
mounted. 

Effects obtained by typical modes of the present invention 
as disclosed herein will be outlined below. 

According to one mode of the present invention it is 
possible to implement a flip-chip BGA Superior in high 
Speed electric transmission characteristic. 

According to another mode of the present invention it is 
possible to improve the reliability of a flip-chip BGA 
Superior in high-speed electric transmission characteristic. 
What is claimed is: 
1. A Semiconductor device in which a Semiconductor chip 

is flip-chip-mounted over a wiring Substrate through a 
plurality of bump electrodes formed over a main Surface of 
the Semiconductor chip, 

wherein a power Supply circuit, an input/output circuit, 
and a plurality of pads are arranged in a central area of 
the main Surface of the Semiconductor chip, 
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wherein the plurality of bump electrodes are arrayed in an 
area than the central area of the main Surface of the 
Semiconductor chip, the bump electrodes being elec 
trically connected to the pads by metal wirings, 

wherein the plurality of bump electrodes include bump 
electrodes functionally connected with an input/output 
power Supply, an input and output of a data Signal, and 
an input of an address signal, 

wherein, of the plural bump electrodes, those for the 
input/output power Supply and those for the input and 
output of a data Signal are mainly arranged in a first 
area adjacent to the central area of the main Surface of 
the Semiconductor chip, 

wherein, of the plural bump electrodes, those for the input 
of an address Signal are mainly arranged in a Second 
area located outside the first area, 

wherein a gap between the Semiconductor chip and the 
wiring Substrate is filled with a Sealing resin, and 

wherein lands integral with the metal wirings and to 
which the bump electrodes are not connected are 
arranged in the Second area. 

2. A Semiconductor device according to claim 1, wherein, 
between the first and the Second area of the Semiconductor 
chip, a third area is provided in which a portion of the metal 
wirings which connect the bump electrodes for the input of 
an address Signal to the pads is disposed. 

3. A Semiconductor device according to claim 2, wherein 
a plurality of electrode pads to which the bump electrodes 
for input/output power Supply are connected are formed on 
a Surface of the wiring Substrate, and a power Supply plane 
connected electrically to the electrode pads via through 
holes is formed in the interior of the wiring substrate, the 
through holes being arranged in an area opposed to the third 
area of the Semiconductor chip. 

4. A Semiconductor device according to claim 1, wherein 
the metal wirings and the bump electrodes are formed in a 
wafer process. 

5. A Semiconductor device according to claim 1, wherein 
memory cells of SRAM are formed in an area other than the 
central area of the main Surface of the Semiconductor chip. 

6. A Semiconductor device according to claim 1, wherein 
the metal wirings are formed of copper film as a principal 
component. 

7. A Semiconductor device according to claim 1, wherein 
the bump electrodes are formed of a solder material which 
comprises tin as a principal component. 

8. A Semiconductor device according to claim 1, wherein 
a metallic cover plate is affixed to a back Surface of the 
Semiconductor chip using an adhesive. 

9. A Semiconductor device in which a Semiconductor chip 
is flip-chip-mounted over a wiring Substrate through a 
plurality of bump electrodes formed over a main Surface of 
the Semiconductor chip, 

wherein the main Surface of the Semiconductor chip has a 
first area, a Second area and a third area, 

wherein an input/output circuit is arranged in the first area 
of the main Surface of the Semiconductor chip, 

wherein the plurality of bump electrodes are arrayed on 
the main Surface of the Semiconductor chip, 

wherein a gap between the Semiconductor chip and the 
wiring Substrate is filled with a Sealing resin, 
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wherein the plurality of bump electrodes include first 
bump electrodes arrayed with a first gap therebetween 
and Second bump electrodes arrayed with a Second gap 
therebetween, 

wherein the first bump electrodes are connected by metal 
wirings with the input/output circuits, and are arranged 
in the Second area of the main Surface of the Semicon 
ductor chip, 

wherein the Second hump electrodes are arrayed in the 
third area, 

wherein the first gap is less than the Second gap, 
wherein the Second area is located between the first area 

and the third area, and 
wherein the third area is located between the Second area 

and a Side of the main Surface of the Semiconductor 
chip. 

10. A semiconductor device according to claim 9, wherein 
the first area is a central area of the main Surface of the 
Semiconductor chip. 

11. A Semiconductor device according to claim 9, wherein 
lands integral with the metal wirings and to which the bump 
electrodes are not connected are arrayed in the Second area. 

12. A Semiconductor device according to claim 9, wherein 
the plurality of bump electrodes include bump electrodes 
functionally connected to an input/output power Supply, an 
input and output of a data Signal, and an input of an address 
Signal, 

wherein, of the first bump electrode in the plurality of 
bump electrodes, those for the input/output power 
Supply and those for the input and output of a data 
Signal are mainly arranged in the first area, and 

wherein, of the Second bump electrodes in the plurality of 
bump electrodes, chose for the input of an address 
Signal are mainly arrayed in the Second area. 

13. A Semiconductor device according to claim 9, wherein 
a plurality of electrode pads to which the plurality of bump 
electrodes for an input/output power Supply are connected 
are formed on a Surface of the wiring Substrate, and a power 
Supply plane connected electrically to the electrode pads via 
through holes is formed in the interior of the wiring 
Substrate, the through holes being arranged in an area 
opposed to the third area of the Semiconductor chip. 

14. A Semiconductor device according to claim 9, wherein 
the metal wirings and the plurality of bump electrodes are 
formed in a wafer process. 

15. A semiconductor device according to claim 9, wherein 
memory cells of SRAM are formed in an area other then the 
first area of the main Surface of the Semiconductor chip. 

16. A Semiconductor device according to claim 9, wherein 
the metal wirings are formed of copper film as a principal 
component. 

17. A semiconductor device according to claim 9, wherein 
the bump electrodes are formed of a solder material which 
comprises tin as a principal component. 

18. A semiconductor device according to claim 9, wherein 
a power Supply circuit and a plurality of pads are arranged 
in the first area of the main Surface of the Semiconductor 
chip, and 

wherein the plurality of bump electrodes are electrically 
connected to the pads through the metal wirings. 
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