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(57) ABSTRACT 

A semiconductor device comprising a semiconductor pellet 
mounted on a pellet mounting area of the main surface of a 
base substrate, in Which ?rst electrode pads arranged on the 
back of the base substrate are electrically connected to bond 
ing pads arranged on the main surface of the semiconductor 
pellet. The base substrate is formed of a rigid substrate, and its 
?rst electrode pads are electrically connected to the second 
electrode pads arranged on its reverse side. The semiconduc 
tor pellet is mounted on the pellet mounting area of the main 
surface of the base substrate, With its main surface doWnWard, 
and its bonding pads are connected electrically With the sec 
ond electrode pads of the base substrate through bonding 
Wires passing through slits formed in the base substrate. 
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SEMICONDUCTOR DEVICE HAVING AN 
IMPROVED CONNECTION ARRANGEMENT 
BETWEEN A SEMICONDUCTOR PELLET 
AND BASE SUBSTRATE ELECTRODES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

More than one reissue application has been ?led for the 
reissue of US. Pat. No. 5,777,391. These reissue applica 
tions: (1) theparent reissue application, Ser. No. 09/613,541, 
?led Jul. 7, 2000, now Re. 41,721; (2) Ser. No. 10/105,236, 
?led Mar 26, 2002, which is a continuation reissue applica 
tion ofSer No. 09/613,541, and which is now Re. 41, 722; (3) 
Ser. No. 11/182,039,?ledJul. 15, 2005, which is a continua 
tion reissue application ofSer No. 10/105,236; and which is 
now Re. 42,972; (4) Ser. No. 11/182,040,?led Jul. 15, 2005, 
which is another continuation reissue application Ser. No. 
10/105,236, and which is nowRe. 41,478; (5) Ser. No. 11/256, 
620, ?led Oct. 24, 2005, which is a continuation reissue 
application ofSer No. 11/182, 039; Ser. No. 11/256, 621, 
?led Oct. 24, 2005, which is a continuation reissue applica 
tion ofSer No. 11/182,039; (7) Ser. No. 11/285, 730, (the 
present application)?led Nov. 23, 2005, which is a continu 
ation reissue application ofSer No. 11/182, 039; (8) Ser. No. 
11/285, 729, also?led on Nov. 23, 2005, which is a continu 
ation reissue application ofSer No. 11/182, 039, and (9) Ser. 
No. 12/805,447,?led on Jul. 30, 2010, which is a continuation 
reissue application ofSer. No. 11/182,039, all ofwhich are 
reissue applications ofSer No. 08/570,646,?led on Dec. 11, 
1995, which issued as US. Pat. No. 5,777,391. 

The present reissue application also claims the benefit 
under 35 USC §119 ofJapanese Application No. 6-316,444, 
?led on Dec. 20, 1994 and Japanese Application No. 
7-126405, ?led May 25, 1995. 

BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor device 
and a method of manufacture thereof and more particularly to 
a technology effectively applied to a semiconductor device 
and a method of manufacture thereof, the device having a 
structure in Which a semiconductor pellet is mounted on a 
pellet mounting area on the main surface of a base substrate 
and in Which a ?rst electrode pad on the back of the base 
substrate is electrically connected to an external terminal on 
the main surface of the semiconductor pellet. 
A semiconductor device With a ball grid array (BGA) struc 

ture has been introduced as a semiconductor device having a 
high level of integration in the Nikkei Electronics, Feb. 28, 
1994, pp. 111-117, published by Nikkei McGraW-Hill. The 
BGA structure of such as semiconductor device, as shoWn in 
FIG. 16 (cross section of an essential part), has a semicon 
ductor pellet 2 mounted on a pellet mounting area of the main 
surface of the base substrate 1 and a plurality of bump elec 
trodes 4 arranged in grid on the back of the base substrate 1 
opposite the main surface. 

The base substrate 1 may be made from a printed Wiring 
board of tWo-layer Wiring structure. Second electrode pads 
1A are arranged in a peripheral area of the main surface of the 
base substrate 1 (around the pellet mounting area), While ?rst 
electrode pads 1B are arranged on the back of the base sub 
strate 1 opposite the main surface. The second electrode pads 
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2 
1A are electrically connected to through-hole conductors 1C 
via conductors 1Al arranged on the main surface of the base 
substrate 1. The ?rst electrode pads 1B are electrically con 
nected to the through-hole conductors 1C via conductors 1B 1 
arranged on the back of the base substrate 1. 
The semiconductor pellet 2 may comprise mainly a semi 

conductor substrate 2B of single-crystal silicon. On the main 
surface of the semiconductor substrate 2B (device forming 
surface) is formed a logic circuit system, a memory circuit 
system or a combination of these. A plurality of bonding pads 
2A are arranged on the main surface of the semiconductor 
substrate 2B. The bonding pads 2A are formed in the top of 
the interconnect layers formed on the main surface of the 
semiconductor substrate 2B. 
The bonding pads 2A on the semiconductor pellet 2 are 

electrically connected to the second electrode pads 1A on the 
main surface of the base substrate 1 through bonding Wires 6. 
In other Words, the bonding pads 2A on the semiconductor 
pellet 2 are electrically connected to the ?rst electrode pads 
1B through the bonding Wires 6, second electrode pads 1A, 
conductors 1A1, through-hole conductors 1C and conductors 
1B1. 
The semiconductor pellet 2 and the bonding Wires 6 are 

sealed With a resin sealing body 7 formed on the main surface 
of the base substrate 1. The resin sealing body 7 is formed by 
transfer molding. 
The bump electrodes 4 are electrically and mechanically 

connected to the surfaces of the ?rst electrode pads 1B on the 
base substrate 1. The bump electrodes 4 may be formed from 
an alloy material, such as Pb-Sn. 
The semiconductor device of such a BGA structure is 

mounted on a mounting board, With the bump electrodes 4 
electrically and mechanically connected to electrode pads 
arranged on the mounting surface of the mounting board. 

Another example of semiconductor device having a high 
circuit density is disclosed in US. Pat. Ser. No. 5148265, 
Which shoWs a semiconductor device in Which the base sub 
strate is made from a ?lmlike ?exible substrate. In this semi 
conductor device, the semiconductor pellet is mounted, With 
its main surface doWnWard, on the pellet mounting area of the 
main surface of the base substrate made of a ?exible substrate, 
and the bonding pads arranged on the main surface of the 
semiconductor pellet are electrically connected to the second 
electrode pads arranged on the back of the base substrate 
through the bonding Wires. The second electrode pads on the 
base substrate are electrically connected to the ?rst electrode 
pads on the back of the base substrate through conductors that 
are also arranged on the back. Bump electrodes are electri 
cally and mechanically connected to the surfaces of the ?rst 
electrode pads. 
The semiconductor device of the above construction is 

mounted on the mounting surface of a mounting board, With 
its bump electrodes electrically and mechanically connected 
to the electrode pads arranged on the mounting surface of the 
mounting board. 

SUMMARY OF THE INVENTION 

In the semiconductor device With the BGA structure, as 
shoWn in FIG. 16, the second electrode pads 1A arranged on 
the main surface of the base substrate 1 are electrically con 
nected through the through-hole conductors 1C to the ?rst 
electrode pads 1B arranged on the back of the base substrate 
1. The through-hole conductors 1C comprises a hole area 
formed Within a through-hole in the base substrate 1 and a 
land area (fringe portion) formed on the main surface and 
back surface of the base substrate 1. The inner diameter of the 
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through-hole may be around 0.3 mm and the outer diameter of 
the land area of the through-hole conductor 1C may be about 
0.6 mm. The inner diameter of the through-hole and the outer 
diameter of the land area of the through-hole conductor 1C 
are set large compared to the Widths of the conductors 1Al 
electrically connecting the second electrode pads 1A and the 
through-hole conductors 1C and also compared to the Widths 
of the conductors 1B 1 electrically connecting the ?rst elec 
trode pads 1B and the through-hole conductors 1C. 

The circuit systems formed on the typical semiconductor 
pellets 2 have tended to groW in their level of integration and 
the number of functions they perform. With enhanced inte 
gration and more diversi?ed functions of the circuit system, 
the number of bonding pads 2A of the semiconductor pellet 2 
and the number of second electrode pads 1A of the base 
substrate 1 increase. That is, the number of through-hole 
conductors 1C electrically connecting the second electrode 
pads 1A and the ?rst electrode pads 1B increases as the 
integration and function of the circuit system are enhanced. 
Hence, there has been a problem that the external siZe of the 
base substrate 1 increase With the increasing number of the 
through-hole conductors 1C, Which in turn increases the siZe 
of the semiconductor device as a Whole. 

There is also another problem Which the inventors have 
considered. The intervals betWeen the through-hole conduc 
tors formed by copper foil thick ?lm printing, etching or 
electroplating techniques are greater than the intervals of the 
bonding pads of the semiconductor pellet formed by photo 
lithography. For this reason, in a semiconductor device With 
the BGA structure, as the number of the through-hole con 
ductors 1C increases, they are positioned outwardly aWay 
from the semiconductor pellet 2. This inevitably extends the 
length of the conductors 1Al electrically connecting the sec 
ond electrode pads 1A and the through-hole conductors 1C 
and the length of the conductors 1B 1, electrically connecting 
the ?rst electrode pads 1B and the through-hole conductors 
1C. This, in turn, increases inductance and reduces the oper 
ating speed of the semiconductor device. 

In the semiconductor device using a ?exible substrate for 
the base substrate, the ?exible substrate may for example be 
formed of a polyester ?lm or polyimide ?lm. This ?exible 
substrate has a small Young’s modulus and is soft (loW hard 
ness) compared With a rigid substrate impregnated With 
epoxy resin or polyimide resin, as represented by the PR4 
substrate according to the NEMA Standard. Therefore, When 
the bonding pads arranged on the main surface of the semi 
conductor pellet are connected With the second electrode pads 
arranged on the back of the base substrate through bonding 
Wires, the bonding force applied to the second electrode pads 
is absorbed by the base substrate, preventing the bonding 
force and ultrasonic vibrations from being transmitted to the 
second electrode pads effectively. This gives rise to an appre 
hension that the connection strength betWeen the bonding 
Wires and the second electrode pads may decrease, leading to 
connection failures of bonding Wires and reduced electric 
reliability of the semiconductor device. 

In semiconductor devices that use a ?exible substrate for 
the base substrate, the ?exible substrate has a large thermal 
expansion coef?cient in the planar direction and a small 
Young’s modulus (small rigidity), Which means that it is easy 
to bend, compared With the rigid substrate. Therefore, When 
the semiconductor device is mounted on the mounting surface 
of the mounting board, the re?oW heat used during the process 
of mounting causes deformations to the base substrate, such 
as Warping and tWisting, Which in turn reduces the ?atness of 
the back of the base substrate With respect to the mounting 
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surface of the mounting board, thereby loWering the mount 
ing precision of the semiconductor device. 
An object of this invention is to provide a technology that 

alloWs a reduction in the siZe of the semiconductor device. 
Another object of this invention is to provide a technology 

that alloWs an increase in the operating speed of the semicon 
ductor device. 

Still another object of this invention is to provide a tech 
nology that can enhance electric reliability of the semicon 
ductor device. 
A further object of this invention is to provide a technology 

that can enhance mounting precision of the semiconductor 
device. 
A further object of this invention is to provide a manufac 

turing technology for the semiconductor device that can 
accomplish the above objectives. 

These and other objects and novel features of this invention 
Will become apparent from the folloWing description of this 
speci?cation and the accompanying draWings. 

Representative aspects of this invention may be brie?y 
summariZed as folloWs. 
A semiconductor device in accordance With invention 

comprises a semiconductor pellet mounted on the pellet 
mounting area of the main surface of the base substrate, in 
Which ?rst electrode pads arranged on the back of the base 
substrate are electrically connected to the bonding pads on the 
main surface of the semiconductor pellet. The base substrate 
is formed of a rigid substrate, and its ?rst electrode pads are 
electrically connected to second electrode pads also arranged 
on the back side of the base subtrate. The semiconductor 
pellet is mounted, With its main surface doWnWard, on the 
pellet mounting area of the main surface of the base substrate, 
and its bonding pads are electrically connected to the second 
electrode pads on the base substrate through bonding Wires 
extending through slits formed in the base substrate. 
A method of manufacturing a semiconductor device is also 

provided, in Which a semiconductor pellet is mounted on the 
pellet mounting area of the main surface of the base substrate 
and in Which ?rst electrode pads arranged on the back of the 
base substrate are electrically connected to the bonding pads 
on the main surface of the semiconductor pellet. In particular, 
the method includes a step of mounting the semiconductor 
pellet, With its main surface doWnWard, on the pellet mount 
ing area of the main surface of the base substrate made of a 
rigid substrate, and a step of connecting the bonding pads on 
the semiconductor pellet to the second electrode pads electri 
cally connected to the ?rst electrode pads of the base substrate 
and arranged on the back of the base substrate through bond 
ing Wires extending through slits formed in the base substrate. 

According to the above construction of this invention, the 
bonding pads of the semiconductor pellet and the ?rst elec 
trode pads of the base substrate can be electrically connected 
through the bonding Wires and the second electrode pads, so 
it is possible to eliminate the through holes used to electrically 
connect the second electrode pads and the ?rst electrode pads 
in prior structures. This alloWs the external siZe of the base 
substrate to be reduced by an amount corresponding to an area 
occupied by the through holes (land area), thus reducing the 
siZe of the semiconductor device as a Whole. 

Further, because the ?rst electrode pads can be put closer to 
the second electrode pads by an amount corresponding to an 
area occupied by the through holes, the conductors of the base 
substrate that electrically connect the second electrode pads 
and the ?rst electrode pads can be reduced in length. As a 
result, inductance can be reduced and the operating speed of 
the semiconductor device increased. 
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Further, the rigid substrate has a higher Young’s modulus 
than a ?exible substrate; therefore, When the bonding pads 
arranged on the main surface of the semiconductor pellet and 
the second electrode pads arranged on the back of the base 
substrate are electrically connected by bonding Wires, the 
bonding force applied to the second electrode pads can be 
prevented from being absorbed by the base substrate. This 
assures effective transmission of the bonding force and the 
ultrasonic vibrations to the second electrode pads. Thus, the 
connection strength betWeen the bonding Wires and the sec 
ond electrode pads is increased, making it possible to prevent 
connection failure of toe bonding Wires and to enhance elec 
tric reliability of the semiconductor device. 

Furthermore, the rigid substrate has a small inplane ther 
mal expansion coe?icient and a highYoung’s modulus com 
pared With a ?exible substrate, Which means the rigid sub 
strate is harder to bend. This prevents the base substrate from 
being deformed (Warped or tWisted) due to re?oW heat pro 
duced during the process of mounting the semiconductor 
device on the mounting surface of the mounting board. This 
ensures a suf?cient ?atness of the back of the base substrate 
With respect to the mounting surface of the mounting board, 
thus enhancing the mounting precision of the semiconductor 
device. 

According to the above-mentioned manufacturing method 
of this invention, the bonding pads of the semiconductor 
pellet and the ?rst electrode pads of the base substrate are 
electrically connected through bonding Wires and second 
electrode pads, so the through holes electrically connecting 
the second electrode pads and the ?rst electrode pads can be 
eliminated, making it possible to use a base substrate reduced 
in external size by an amount corresponding to the occupied 
area of the through holes. This in turn alloWs the manufacture 
of reduced-siZe semiconductor devices. 

Further, because the bonding pads of die semiconductor 
pellet and the ?rst electrode pads of the base substrate are 
electrically connected through bonding Wires and second 
electrode pads, the through holes electrically connecting the 
second electrode pads and the ?rst electrode pads can be 
eliminated, making it possible to use a base substrate Whose 
conductors electrically connecting the second electrode pads 
and the ?rst electrode pads are reduced by a length corre 
sponding to the occupied area of the through holes. This in 
turn alloWs the manufacture of semiconductor devices With 
faster operating speeds. 

The base substrate uses a rigid substrate having a high 
Young’s modulus compared With a ?exible substrate; there 
fore, When the bonding pads arranged on the main surface of 
the semiconductor pellet and the second electrode pads 
arranged on the back of the base substrate are electrically 
connected by bonding Wires, the bonding force applied to the 
second electrode pads can be prevented from being absorbed 
by the base substrate, ensuring effective transfer of the bond 
ing force and ultrasonic vibrations to the second electrode 
pads. This enhances the connection strength betWeen the 
bonding Wires and the second electrode pads, alloWing the 
manufacture of the semiconductor device With high electric 
reliability. 

Furthermore, the base substrate used is formed of a rigid 
substrate having a small planar thermal expansion coe?icient 
and a highYoung’ s modulus compared With those of a ?exible 
substrate, Which means the rigid substrate is harder to bend. 
As a result, the rigid base substrate is free from deformations 
(Warping or tWisting) due to re?oW heat during the process of 
mounting the semiconductor device on the mounting surface 
of the mounting board. As a result, a suf?cient degree of 
?atness of the back of the base substrate With respect to the 
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6 
mounting surface of the mounting board can be secured, 
Which in turn alloWs the manufacture of semiconductor 
devices With high mounting precision. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan vieW of the main surface side of the 
semiconductor device, as a ?rst embodiment of this inven 
tion, that employs a BGA structure; 

FIG. 2 is a cross section taken along the line A-A of FIG. 1: 
FIG. 3 is an enlarged cross section of an essential part of 

FIG. 2; 
FIG. 4 is an enlarged plan vieW shoWing the state of the 

back side of an essential part of the semiconductor device 
With the resin sealing body removed; 

FIG. 5 is a cross section shoWing an essential part of a 
molding die for the resin sealing body of the semiconductor 
device; 

FIG. 6 is a cross section shoWing the method of manufac 
turing the semiconductor device; 

FIG. 7 is a cross section of an essential part of the semi 
conductor device shoWing the method of manufacture 
thereof; 

FIG. 8 is a cross section of an essential part of the semi 
conductor device shoWing the method of manufacture 
thereof; 

FIG. 9 is a cross section of an essential part of the semi 
conductor device shoWing the method of manufacture 
thereof; FIG. 10 is a cross section shoWing an essential part of 
the semiconductor device mounted on a mounting board; 

FIG. 11 is a cross section shoWing a variation of the semi 
conductor device; 

FIG. 12 is a cross section of the semiconductor device, as a 
second embodiment of this invention, that employs the BGA 
structure; 

FIG. 13 is an enlarged plan vieW shoWing the state of the 
back side of an essential part of the semiconductor device 
With the resin sealing body removed; 

FIG. 14 is a plan vieW shoWing the state of the back side of 
an essential part of the semiconductor device, as a third 
embodiment of this invention, that employs the BGA struc 
ture With the resin sealing body removed; 

FIG. 15 is a plan vieW shoWing the state of the back side of 
an essential part of the semiconductor device, as a fourth 
embodiment of this invention, that employs the BGA struc 
ture and is removed of the resin sealing body removed; and 

FIG. 16 is a cross section shoWing an essential part of the 
semiconductor device that employs the conventional BGA 
structure. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The construction of this invention is described in the fol 
loWing in conjunction With embodiments that apply this 
invention to a semiconductor device using the BGA structure. 

In the draWings used for explaining the embodiments, 
components With identical functions are given like reference 
numerals and their explanations are not repeated. 

Embodiment l 

The outline construction of a semiconductor device, as a 
?rst embodiment of this invention, that uses the BGA struc 
ture is shoWn in FIG. 1 (plan vieW of the main surface side), 
FIG. 2 (cross section taken along the lineA-A of FIG. 1), FIG. 
3 (enlarged cross section of an essential part of FIG. 2) and 
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FIG. 4 (enlarged plan vieW showing the back side of an 
essential part of the semiconductor device With the resin 
sealing body removed). 
As shoWn in FIGS. 1, 2, 3 and 4, the semiconductor device 

has a semiconductor pellet 2 mounted on a pellet mounting 
area of the main surface of a base substrate 1, With a plurality 
of bump electrodes 4 arranged in grid on the back of the base 
substrate 1 opposite the main surface. 
The base substrate 1 may be formed of a printed circuit 

board. The printed circuit board may, for example, have a 
structure in Which Wiring is formed over the surface of a rigid 
substrate of glass ?ber impregnated With epoxy resin, poly 
imide resin or maleimide resin. In other Words, the base 
substrate 1 is formed of a rigid substrate. The rigid substrate 
has a high Young’s modulus and is hard compared With a 
?exible substrate made of polyester ?lm or polyimide ?lm. 
The rigid substrate has a small thermal expansion coef?cient 
in a planar direction, a high Young’s modulus and is dif?cult 
to bend compared With the ?exible substrate. For example, 
the rigid substrate made of a glass ?ber impregnated With 
epoxy resin or polyimide resin has a Young’s modulus of 
around 16-22 GPa and a thermal expansion coef?cient of 
about l0-20><l0_6l/o C. Flexible substrates made of polyester 
?lm or polyimide ?lm have a Young’s modulus of about 2-5 
GPa and a thermal expansion coe?icient of about 20-25>< 
l 0-6 1 /o C. 
On the back of the base substrate 1 are formed a plurality of 

second electrode pads 1A and ?rst electrode pads 1B, Which 
are electrically interconnected through conductors 1B 1 on the 
back of the base substrate 1. The second electrode pads 1A, 
?rst electrode pads 1B and conductors 1B 1 are formed of a Cu 
?lm, for example. 
On the surfaces of the ?rst electrode pads 1B are formed 

bump electrodes 4 that are electrically and mechanically con 
nected to them. The bump electrodes 4 may be formed of, for 
instance, a Pb-Sn alloy. 

The semiconductor pellet 2 is mounted, With its main sur 
face (underside in FIG. 2 and 3) doWnWard, on the pellet 
mounting area of the main surface of the base substrate 1. 
That is, the semiconductor pellet 2 is mounted facedoWn on 
the pellet mounting area of the main surface of the base 
substrate 1. lnterposed betWeen the main surface of the semi 
conductor pellet 2 and the pellet mounting area of the main 
surface of the base substrate 1 is an insulating layer 3, Which 
may be formed of a polyimide-, epoxy- or silicon-base loW 
elasticity resin. 

The semiconductor pellet 2 may be rectangular and may 
mainly be comprised of a semiconductor substrate 2B made 
of single-crystal silicon. On the main surface (device forming 
surface) of the semiconductor substrate 2B are formed a logic 
circuit system, a memory circuit system or a combination of 
these. Also on the main surface of the semiconductor sub 
strate 2B, a plurality of bonding pads 2A are arranged along 
the sides of the rectangular surface. The bonding pads 2A are 
formed on the top of interconnect layers on the main surface 
of the semiconductor substrate 2B. That is, the bonding pads 
2A are arranged in the periphery of the main surface of the 
semiconductor pellet 2 along each of the four sides. 
The bonding pads 2A of the semiconductor pellet 2 and the 

second electrode pads 1A of the base substrate 1 are electri 
cally connected to each other through bonding Wires 6 run 
ning in slits 5 formed in the base substrate 1. The bonding 
Wires 6 may be of gold (AU), copper (Cu) or aluminum (Al), 
and may be coated With insulating resin. The bonding Wires 6 
may be connected by a bonding method that utiliZes ultra 
sonic vibrations in combination With thermocompression. 
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8 
The slits 5 in the base substrate 1 are formed in the direc 

tions of the roWs of the bonding pads 2A that are arranged 
along each side of the main surface of the semiconductor 
pellet 2. That is, the base substrate 1 of this embodiment has 
four slits 5, each of Which is located above the bonding pads 
2A of the semiconductor pellet 2. 
The second electrode pads 1A of the base substrate 1 are 

placed in both areas of the back of the base substrate 1 divided 
by the slits 5. The second electrode pads 1A located in one of 
the areas of the back of the base substrate 1 demarcated by the 
slits 5 (inside the semiconductor pellet 2) are supplied With a 
poWer supply such as an operation voltage (3 .3 V for instance) 
and a reference voltage (0 V for instance). The second elec 
trode pads 1A located in the other area of the back of the base 
substrate 1 demarcated by the slits 5 (outside the semicon 
ductor pellet 2) receive a signal such as an input/output signal 
and a control signal. 
The semiconductor pellet 2 are provided With 100 bonding 

pads 2A on each side at a pitch of about 100 um. The number 
of bonding pads 2A is increased as the level of integration and 
the operating speed of the circuit system mounted on the 
semiconductor pellet 2 increase. 
The ?rst area of the back of the base substrate 1 demarcated 

by the slits 5 is provided With, for example, 50 second elec 
trode pads 1A for each side of the semiconductor pellet 2; and 
the second area is provided With, for instance, 50 second 
electrode pads 1A for each side of the semiconductor pellet 2. 
Because the second electrode pads 1A cannot be made as 
small as the bonding pads 2A of the semiconductor pellet 2, 
the pitch of the second electrode pads 1A is set Wider than that 
of the bonding pads 2A, for instance, at around 200 pm. That 
is, because the second electrode pads 1A of the base substrate 
1 are arranged in tWo roWs for each side of the semiconductor 
pellet 2, the length of the second electrode pads 1A corre 
sponding to one side of the semiconductor pellet 2 can be 
made almost equal to that of the bonding pads 2A arranged 
along one side of the semiconductor pellet 2 even if the pitch 
of the second electrode pads 1A of the base substrate 1 is set 
to tWo times that of the bonding pads 2A of the semiconductor 
pellet 2. Furthermore, the second electrode pads 1A of the 
base substrate 1 can be located at positions facing the corre 
sponding bonding pads 2A of the semiconductor pellet 2. 
The peripheral area of the main surface of the base sub 

strate 1 excluding the pellet mounting area is covered With a 
resin sealing body 7, Which seals the bonding Wires 6. That is, 
the resin sealing body 7 is formed on the main surface side 
and the back surface side of the base substrate 1. The resin 
sealing body 7 is made from epoxy resin 7A containing a 
phenol-base hardener, silicone rubber and ?ller for reducing 
stresses. 

The back of the base substrate 1 facing the main surface of 
the semiconductor pellet 2 is exposed from the resin sealing 
body 7 that covers the peripheral area of the base substrate 1. 
The resin sealing body 7 is formed by the transfer molding 

that uses a molding die 10 shoWn in FIG. 5 (cross section of an 
essential part). The molding die 10 has a cavity 11 de?ned by 
an upper die 10A and a loWer die 10B, an in?oW gate 13 
connected to the cavity 11, and, though not shoWn, a pot and 
a runner. The pot communicates With the cavity 11 through 
the runner and the in?oW gate 13. 
The cavity 11 comprises a recess 11A formed in the upper 

die 10A and a recess 11B formed in the loWer die 10B. The 
resin 7A is supplied into the recess 11A from the pot through 
the runner and the in?oW gale 13. The base substrate 1 is 
placed in the recess 11B. 
The recess 11B is formed With recesses 12, Which are 

located at positions facing the slits 5 of the base substrate 1 
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and Which extend in the same directions as the slits 5. Placed 
in the recesses 12 are a part of bonding Wires 6 electrically 
connecting the bonding pads 2A of the semiconductor pellet 
2 and the second electrode pads 1A of the base substrate 1, 
and also the second electrode pads 1A of the base substrate 1. 
The resin 7A is supplied from the recess 11A through the slits 
5 of the base substrate 1 into the recess 11A. 
Though not shoWn in FIG. 12, the recesses 12 are provided 

With a gas vent to prevent voids due to bubbles. 
Next, the method of manufacturing the above-mentioned 

semiconductor device is described by referring to FIGS. 6 
through FIG. 9. 

First a base substrate 1 made of a rigid substrate is pre 
pared. The base substrate 1 includes slits 5 as Well as second 
electrode pads 1A, ?rst electrode pads 1B and conductors 1B 1 
on its back. 

Next, as shoWn in FIG. 6 (cross section), the semiconductor 
pellet 2 is mounted on the pellet mounting area of the main 
surface of the base substrate 1. The semiconductor pellet 2 is 
?xed to the pellet mounting area of the main surface of the 
base substrate 1 through an insulating layer 3. 

Next, the base substrate 1 is mounted on a bonding stage 
(heat block) 14 With the semiconductor pellet 2 at the bottom. 
The bonding stage 14 has a recess 14A that accommodates the 
semiconductor pellet 2. The base substrate 1 and the semi 
conductor pellet 2 are heated to about 200° C. on the bonding 
stage 14. 

Next, as shoWn in FIG. 7 (cross section of an essential part), 
the bonding pads 2A arranged on the main surface of the 
semiconductor pellet 2 and the second electrode pads 1A 
arranged on the back of the base substrate 1 are electrically 
connected by the bonding Wires 6. The bonding Wires 6 run 
ning in the slits 5 are connected to the bonding pads 2A of the 
semiconductorpellet 2 and to the second electrode pads 1A of 
the base substrate 1. The connection of the bonding Wires 6 is 
accomplished by ultrasonic thermocompression bonding. In 
this process, the base substrate 1 is made from a rigid sub 
strate With a high Young’s modulus compared With the ?ex 
ible substrate used in conventional structure, so that the bond 
ing force applied to the second electrode pads 1A is prevented 
from being absorbed by the rigid base substrate 1, thus alloW 
ing the bonding force and the ultrasonic vibrations to be 
transferred effectively to the second electrode pads 1A. Fur 
ther, because the base substrate 1 is made of a rigid substrate 
that has a smaller thermal expansion coe?icient in the planar 
direction than that of a ?exible substrate and a higherYoung’ s 
IIIOdUlUSiWhICh means it is harder to bendiit is possible to 
reduce positional deviations of the second electrode pads 1A 
and of the bonding pads 2A of the semiconductor pellet 2 due 
to thermal expansion of the base substrate 1. 

Then, as shoWn in FIG. 8 (cross section of an essential 
part), the base substrate 1 and the semiconductor pellet 2 are 
put in the cavity 1 1 de?ned by the upper die 1 0A and the loWer 
die 10B of the molding die 10, With the base substrate 1 ?t in 
the recess 11B of the cavity 11. A part of the bonding Wires 6 
and the second electrode pads 1A of the base substrate 1 are 
placed in the recesses 12 formed in the recess 11B. The 
molding die 10 is preheated to around l70°-l 80° C. to 
heighten the ?uidity of the resin 7A supplied into the cavity 
11. Because the base substrate 1 is made from a rigid substrate 
With a smaller thermal expansion coef?cient in the planar 
direction than the ?exible substrate and With a higherYoung’ s 
modulus, Which means the base substrate 1 is harder to bend, 
the base substrate 1 can be prevented from being deformed 
(Warped or tWisted) due to the heating of the molding die 10 
to about l70°-l80° C. during this process. 
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Next, resin tablets are charged into the pot of the molding 

die 1 0, nothing that they are preheated by a heater to loWer the 
viscosity before being charged. The resin tablets in the pot are 
heated by the molding die 10, further loWering the viscosity. 
The resin is then pressurized by a plunger of the transfer 

molding device, forcing the resin 7A from the pot through the 
runner and the gate 13 into the recess 11A and the recesses 12 
of the cavity 11 to cover the peripheral area of the main 
surface of the base substrate 1, leaving the back of the semi 
conductor pellet 2 exposed. In this Way, a resin sealing body 
7 that seals the bonding Wires 6 is formed. The resin 7A is 
forced into the recesses 12 through the slits 5 of the base 
substrate 1 from the recess 11A. In this process, the resin 7A 
supplied from the recess 11A to the recesses 12 through the 
slits 5 ?oWs in the axial direction of the bonding Wires 6, i.e., 
in the vertical direction, from one end side of the bonding 
Wires 6. This vertical ?oW of resin prevents the bonding Wires 
6 from being deformed Whereas the horiZontal ?oW along the 
surface of the base substrate 1 may deform them. 

Then, the base substrate 1 is taken out of the molding die 
10, and bump electrodes 4 are electrically and mechanically 
connected to the surfaces of the ?rst electrode pads 1B on the 
back of the base substrate 1. Thus, a nearly completed semi 
conductor device shoWn in FIG. 1, 2, 3 and 4 is obtained. 

After this, the semiconductor device is shipped as a prod 
uct. The semiconductor device shipped as a product is 
mounted on a mounting surface of a mounting board 15, With 
the bump electrodes 4 of the semiconductor device electri 
cally and mechanically connected to electrode pads 15A 
arranged on the mounting surface of the mounting board 15, 
as shoWn in FIG. 10 (cross section). The connection betWeen 
the bump electrodes 4 of the semiconductor device and the 
electrode pads 15A of the mounting board 15, although it 
depends on the material of the bump electrodes 4, may be 
accomplished in an atmosphere at a re?oW temperature of, for 
instance, around 2l0°-230° C. In this mounting process, 
because the base substrate 1 is made from a rigid substrate 
Which has a smaller thermal expansion coef?cient in the 
planar direction and a higher Young’s modulusiWhich 
means it is more di?icult to bendithan a ?exible substrate, 
the base substrate 1 can be prevented from being deformed 
due to re?oW heat. 

This embodiment offers the folloWing advantages. 
A semiconductor device comprises a semiconductor pellet 

2 mounted on a pellet mounting area of the main surface of a 
base substrate 1, in Which ?rst electrode pads 1B arranged on 
the back of the base substrate 1 are electrically connected to 
bonding pads 2A arranged on the main surface of the semi 
conductor pellet 2. The base substrate 1 is formed of a rigid 
substrate, and its ?rst electrode pads 1B are electrically con 
nected to the second electrode pads 1A arranged on its reverse 
side. The semiconductor pellet 2 is mounted on the pellet 
mounting area of the main surface of the base substrate 1, With 
its main surface doWnWard, and its bonding pads 2A are 
electrically connected With the second electrode pads 1A of 
the base substrate 1 through bonding Wires 6 passing through 
slits 5 formed in the base substrate 1. Because With this 
construction the bonding pads 2A of the semiconductor pellet 
2 and the ?rst electrode pads 1B of the base substrate 1 can be 
electrically connected through the bonding Wires 6 and sec 
ond electrode pads 1A, it is possible to eliminate the through 
holes used to electrically connect the second electrode pads 
1A and the ?rst electrode pads 1B. This in turn alloWs the base 
substrate 1 to be reduced in siZe by an amount corresponding 
to the occupied area of the through holes (land area), Which 
contributes to siZe reduction of the semiconductor device. 














