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(57) ABSTRACT 

A Semiconductor device capable of improving the flexibility 
of designing electrical lead patterns for connection from 
chips via a Substrate to external terminals by appropriately 
arranging the Substrate Structure and layout of more than one 
address Signal as commonly shared by four Separate chips is 
disclosed. In a Surface mount type package of ball grid array 
(BGA), four chips 1 are mounted on a Substrate 2 in Such a 
manner Such these are laid out in the form of an array of two 
rows and two columns. These four chipS 1 are Such that 
regarding the upper Side and lower Side, these are in linear 
Symmetry with respect to a center line extending in a 
direction along longside edges of the Substrate 2. Each chip 
1 has a plurality of pads 9 which are disposed thereon into 
an almost linear array Substantially along the center line in 
the direction of short Side edges, which pads include 
addressing pads 9a that are located on the Side of central part 
on a Specified plane of the Substrate 2, and control-use pads 
9b of control Signals that are also placed on the center Side 
of the Substrate 2. The pad array also includes input/output 
pads 9c that are disposed So that these are on the peripheral 
Side on the Surface of Substrate 2. 
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SEMCONDUCTOR DEVICE 

FIELD OF THE INVENTION 

0001. The present invention relates in general to semi 
conductor device packaging architectures and, in more par 
ticular, to techniques adaptable for effective use in large 
capacity accommodatable Semiconductor devices with a 
plurality of chips mounted together in a Single package 
Structure. 

BACKGROUND OF THE INVENTION 

0002 Investigation made by the inventors as named 
herein has revealed that currently available techniques for 
achieving increased Storage capacities in modern memory 
package Structures with multiple chips mound together in a 
Single package may include, but not limited to, a Scheme for 
Stacking or laminating a plurality of chips in a direction 
along the thickness of a package, and a Scheme for disposing 
a plurality of chips in a direction along a plane. Examples of 
the latter Scheme are disclosed, for example, in Japanese 
Patent Laid-Open Nos. 17099/1999 and 256474/1998, 
wherein the techniques as taught by these Japanese printed 
publications are generally arranged as will be set forth 
below. 

0003. The prior known technique as taught by Japanese 
Patent Laid-Open No. 17099/1999 is directed to a package 
Structure including a rectangular module SubStrate with four 
bare chips mounted thereon. The module Substrate has a 
surface on which a linear array of conductive pads is formed 
at part near or around the central portion along the longsides 
thereof while letting chip pairs be mounted on the chip 
Surface on the opposite Sides of the pad array. Each bare chip 
is Structurally designed to have bonding pads that are 
aligned in a linear array extending along the center line 
thereof, wherein these bonding pads and those pads on the 
module Substrate are connected together by use of bonding 
wires with a resin material deposited to cover the bare chips 
and bonding wires. 
0004. The prior art technique suggested from Japanese 
Patent Laid-Open No. 256474/1998 is such that multiple 
bare chips are mounted on the top and bottom Surfaces of a 
module Substrate, each of which chips has a layout of center 
pads capable of permitting connection of wires extending 
from the chip center toward lateral directions, thereby pro 
Viding a structure that uses bonding wires to electrically 
connect together bonding pads on each bare chip and the 
pads on the module Substrate. 

SUMMARY OF THE INVENTION 

0005. After consideration given to the above-identified 
Japanese documents, the inventors wish to make the fol 
lowing observations about the prior art approaches as taught 
thereby. 
0006 The prior art technique of Japanese Patent Laid 
Open No. 17099/1999 is based on the fact that addressing 
terminals are uSeable in common among four Separate chips 
while Simultaneously enabling common use or “commoni 
Zation' of control terminals including write-enable terminals 
and chip-enable terminals and the like, for disposing those 
on-Substrate pads to be connected to these commonly use 
able or “commnizeable' terminals in the form of a linear 
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array at a location in close proximity to the central part on 
the Substrate, wherein this prior art fails to involve any 
Specific teachings about how function assignment is done to 
respective on-Substrate pads and to respective onchip pads. 

0007. The prior art of Japanese Patent Laid-Open No. 
256474/1998 is inherently designed so that on-substrate 
chips coupled to common Signals among a plurality of 
chips-Such as address signals, control Signals, power Sup 
ply, or the like-are provided on the Substrate in areas lying 
between adjacent ones of the chips mounted thereon to 
thereby provide connectivity of two bonding wires from 
both chips to these interchip pads, wherein this prior art is 
not Stated about any exact Schemes for assigning functions 
to respective on-Substrate pads and also to onchip pads. 

0008. The present invention has been made in view of the 
need for function assignment to on-Substrate/on-chip pads 
Such as the ones Stated Supra, and a primary object of the 
invention is to provide a new and improved Semiconductor 
device capable of improving flexibilities of forming a pat 
tern of electrical leads(wirings) used for electrical connec 
tion from chips via a Substrate up to external terminals, by 
uniquely arranging the layout of addressing pads of those 
address Signals as commonly used among four chips and 
also Substrate Structure and others. 

0009. The said and other objects, features and advantages 
of this invention will be apparent from the following more 
particular description of preferred embodiments of the 
invention, as illustrated in the accompanying drawings. 
0010 Abrief Summary of some representative ones of the 
inventions as disclosed herein will be explained below. 
0011. The present invention is adaptable for use in a 
Semiconductor device that includes four chips each having 
on its Surface a memory circuit and a plurality of pads 
including a plurality of address pads for use in inputting 
address signals of the memory circuit along with a plurality 
of input/output pads for inputting and outputting input/ 
output data and also having a pair of long Sides and a pair 
of Short Sides, a Substrate Supporting thereon the four chips 
and having on its Surface a plurality of pads including 
address pads and input/output pads as electrically connected 
to respective ones of the address pads and input/output pads 
of the four chips, and a plurality of external terminals being 
electrically connected to the address pads and input/output 
pads on the Substrate and including address terminals and 
input/output terminals as provided on a bottom Surface of 
the Substrate, which device offers specific features which 
follow. 

0012 More specifically the semiconductor device of this 
invention is characterized in that the four chips are disposed 
on the Substrate in form of an array of rows and columns, the 
plurality of address pads of each of the four chips are 
disposed adjacent to one Side of the pair of Short Sides, the 
plurality of input/output pads are disposed and Spaced apart 
from one side of the pair of short sides toward the other side 
of the pair of Short SideS when compared to the plurality of 
address pads, one of the pair of short Sides of each of the four 
chips is disposed adjacent to one of the pair of Short Sides of 
its neighboring chip to permit the plurality of address pads 
of each of the four chips are placed at central part on a plane 
of the Substrate, corresponding pads in the plurality of 
address pads of each of the four chips are commonly 
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connected together to the address terminals of the external 
terminals, and the plurality of input/output pads of each of 
the four chips are connected to the input/output terminals of 
the external terminals independently of one another in units 
of respective chips. With Such an arrangement, it becomes 
possible to improve the degree of freedom or flexibility in 
arranging electrical wiring leads in connection between the 
pads on each chip and the external terminals. 
0013 In this arrangement, in order to further improve the 
lead wiring flexibility, the device is featured in that the 
Substrate is of a polygonal shape having a pair of longsides 
and a pair of short Sides, the Substrate has a multilayered 
wiring lead Structure with electrical leads of a plurality of 
layers, the four chips are laid out into a matrix of two rows 
in a direction along the short Sides of the Substrate and two 
columns in a long Side direction, address pads of chips laid 
out in the short side direction of the substrate are electrically 
connected together by a first lead layer extending in the short 
Side direction of the Substrate, and address pads of chips laid 
out in the long Side direction of the Substrate are electrically 
connected together by a Second lead layer being different 
from the first lead layer and extending in the long Side 
direction of the Substrate. This first lead layer is an upper 
most layer among the plurality of lead layers of the Substrate 
whereas the Second lead layer is a lowermost layer among 
the plurality of lead layers of the Substrate, wherein the first 
lead layer and the Second lead layer are electrically con 
nected together by more than one through-hole filled with a 
conductive material as formed in the Substrate; further, the 
external terminals have lands used for connection of Solder 
balls, the Second lead layer is the same in level as the lands 
of the external terminals, and all of the lands of the external 
terminals are disposed on a bottom Surface of the Substrate 
in an area outside of the Second lead layer. 
0.014 Furthermore, in regard to the layout of the external 
terminals at the Substrate, in order to create modules, the 
Substrate is arranged in form of a rectangular shape, wherein 
the address terminals of the external terminals are laid out at 
central part of a pair of long Sides of this Substrate of 
rectangular shape, while letting the input/output terminals of 
the external terminals be disposed at corner portions of the 
Substrate. Moreover, more than one control pad for use in 
inputting a control Signal of the memory circuit is further 
provided on each chip, one of each pair of Short Sides of the 
four chips is disposed adjacent to a corresponding one of its 
neighboring chip to permit each control pad on each chip to 
be placed on a center Side on the plane of the Substrate, each 
control pad is commonized and connected to a control 
terminal of the external terminals, and the control terminal 
is disposed at central part of a long Side of the Substrate. 
0.015. In addition, regarding each chip, for purposes of 
enabling common use or “commonization' of address Sig 
nals, the pads on each chip are laid out into a linear array 
along a long Side direction of each chip at central part 
thereof, or alternatively, the pads on each chip are laid out 
along the pair of long Sides of each chip. 
0016. In addition, regarding the pads on the substrate, for 
purposes of readily performing wire bonding, the pads on 
each chip are disposed along outside of the pair of longsides 
of each chip. 
0.017. With regard to practically implementable package 
Structure, each chip is mounted on the Substrate via a 
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die-bonding material, the pads on each chip are connected 
by bonding wires to the pads on the Substrate, each chip 
mounted on the Substrate and the bonding wires are struc 
turally arranged to be molded by a resin material, and the 
Substrate is provided with a penetration hole for permitting 
escape of moisture vapor occurring due to thermal proceSS 
ing during Solder reflow processes, wherein a step-like 
Surface configuration correcting member made of a dielec 
tric material is disposed at peripheral part of the penetration 
hole of the substrate while letting the die-bonding material 
be prevented from being disposed at the periphery of the 
penetration hole of the Substrate. 
0018 Regarding other possible practical package Struc 
ture, each chip is mounted on the Substrate by a face-down 
Structure, and each chip and the Substrate are coupled 
together by flip chip bonding techniques using metallic balls 
to have a structure with a resin material filled between a 
Surface of each chip and the Substrate. 

0019. This invention also provides another semiconduc 
tor device which is featured in that four chips are disposed 
in a linear Symmetrical fashion on the Substrate in form of 
an array of rows and columns, the plurality of address pads 
of each of the four chips are disposed adjacent to one side 
of the pair of Short Sides, the plurality of input/output pads 
are disposed and Spaced apart from one side of the pair of 
short sides toward the other side of the pair of short sides 
when compared to the plurality of address pads, one of the 
pair of short Sides of each of the four chips is disposed 
adjacent to one of the pair of Short Sides of its neighboring 
chip to permit the plurality of address pads of each of the 
four chips are placed at central part on a plane of the 
Substrate, corresponding pads in the plurality of address 
pads of each of the four chips are commonly connected 
together to the address terminals of the external terminals, 
and the plurality of input/output pads of each of the four 
chips are connected to the input/output terminals of the 
external terminals independently of one another in units of 
respective chips. With Such an arrangement, it is possible by 
using the linear-symmetrical chip layout to attain commoni 
Zation of address Signals while at the Same time improving 
the flexibility in wiring leads in connection between pads on 
each chip and the external terminals. 

0020. The invention also provides yet another semicon 
ductor device which is featured in that four chips are each 
Such that the input/output pads are of x 16 input/output bit 
configuration, corresponding pads in respective plurality of 
address pads of each of the four chips are connected in 
common to the address terminals of the external terminals, 
and the plurality of input/output pads of each of the four 
chips are connected to Said input/output terminals of the 
external terminals in a way independent per each chip and 
are thus caused by the four chips to have x64 input/output 
bit configuration. With Such an arrangement, it is possible by 
using four chips of x 16 input/output bit configuration to 
make up the intended package with x64 input/output bit 
configuration. 

0021 Further, as per each chip and the substrate, for the 
purpose of arranging the package with either x64 or x32 
input/output bit configuration, the four chips are each 
designed to have an option-use pad with a bonding option 
function capable of permitting the input/output bit configu 
ration to Switch between x 16 and x8, wherein the Substrate 



US 2002/0053732 A1 

has an option-use pad with a bonding option function 
capable of letting the input/output bit configuration Switch 
between X16 and x8, Switching between the option-use pad 
on each said chip and the option-use pad on the Substrate 
allows each of the four chips to exhibit either x 16- or 
x8-input/output bit configurations, and x64- or x32-input/ 
output bit configurations is established by the four chips. 

0022. Additionally, the semiconductor device incorporat 
ing the principles of the invention should not be limited only 
to the memory circuit, and a further Semiconductor device 
may be provided which includes Specified circuitry, a chip 
having on its Surface a plurality of pads for use in inputting 
and outputting respective signals of the circuitry, and a 
Substrate having on its Surface a plurality of pads being 
electrically connected to the pads on the chip respectively, 
and a plurality of external terminals as electrically connected 
to the pads on the Substrate respectively, characterized in 
that the pads on the chip and the pads on the Substrate are 
Structurally arranged So that they are connected together by 
bonding wires, that first bonding is performed to the pads on 
the Substrate, and that Second bonding is done to the pads on 
the chip. This may be effective when improving distance 
margins between chips and bonding wires while Suppressing 
the height of bonding wires. 

0023. Furthermore, as per the on-chip pads, in order to 
prevent damages to chips, metal balls are preformed at the 
pads on the chip, and the Second bonding is applied to part 
overlying the metal balls. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024 FIG. 1 is a diagram showing a plan view of a 
Semiconductor device in accordance with an embodiment 1 
of the present invention. 

0025 FIGS. 2A to 2C are diagrams showing a front 
view, side view and bottom view of the semiconductor 
device shown in the embodiment 1 of the invention. 

0.026 FIG. 3 is a cross-sectional view of the semicon 
ductor device of FIG. 1 as taken along line A-A in the 
embodiment 1 of the invention. 

0.027 FIG. 4 is a diagram schematically showing a plan 
View of a structure including a Substrate mounting chips 
thereon in accordance with the embodiment 1 of this inven 
tion (a Sealing material is not shown). 

0028 FIG. 5 is a sectional view of the device of FIG. 4 
along line B-B' in the embodiment 1 of the invention. 

0029 FIG. 6 is a plan view of an electrical lead pattern 
at the level of a first layer of the substrate in the embodiment 
1 of the invention. 

0030 FIG. 7 is a plan view of a lead pattern at a second 
layer level of the Substrate in the embodiment 1 of the 
invention. 

0031 FIG. 8 is a plan view of a lead pattern at a third 
layer level of the Substrate in the embodiment 1 of the 
invention. 

0032 FIG. 9 is a plan view of a lead pattern at a fourth 
layer level of the Substrate in the embodiment 1 of the 
invention. 
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0033 FIG. 10 is a plan view of the substrate as through 
viewed from an upper face thereof in the embodiment 1 of 
the invention. 

0034 FIG. 11 is a plan view of the Substrate as through 
viewed from the upper face thereof to visually reveal the 
layout of external terminals (x64) in the embodiment 1 of 
the invention. 

0035 FIG. 12 is a plan view of the substrate as through 
viewed from the upper face thereof to visually reveal the 
layout of external terminals (x32) in the embodiment 1 of 
the invention. 

0036 FIG. 13 is a plan view showing electrical connec 
tion state of wires in the embodiment 1 of the invention. 

0037 FIG. 14 is a plan view showing a connection state 
of x 16 input/output bit configuration in the embodiment 1 of 
the invention. 

0038 FIG. 15 is a plan view showing a connection state 
of x8 input/output bit configuration in the embodiment 1 of 
the invention. 

0039 FIG. 16 is a diagram for use in explaining function 
assignment of pads on a chip in the embodiment 1 of the 
invention. 

0040 FIG. 17 is a diagram for explanation of function 
assignment of X16- and x8-input/output bit configurations of 
pads on the substrate in the embodiment 1 of the invention. 
0041 FIG. 18 is a schematical function arrangement 
diagram showing a x64 (X16) input/output bit configuration 
of a package in the embodiment 1 of the invention. 
0042 FIG. 19 is a schematical function arrangement 
diagram showing a x32 (x8) input/output bit configuration 
of the package in the embodiment 1 of the invention. 

0043 FIG. 20 is a schematical plan view diagram show 
ing the connection State of a Single wire in the embodiment 
1 of the invention. 

0044 FIG. 21 is a sectional view of the structure shown 
in FIG. 20 taken along line C-C in the embodiment 1 of the 
invention. 

004.5 FIG. 22 is a flow diagram showing a procedure of 
package assembly processes in the embodiment 1 of the 
invention. 

0046 FIG. 23 is a plan view of a memory module in the 
embodiment 1 of the invention. 

0047 FIG. 24 is a plan view of a first-layer wiring 
pattern of a module substrate in the embodiment 1 of the 
invention. 

0048 FIG. 25 is a plan view of a second-layer wiring 
pattern of a module substrate in the embodiment 1 of the 
invention. 

0049 FIG. 26 is a plan view of a third-layer wiring 
pattern of a module substrate in the embodiment 1 of the 
invention. 

0050 FIG. 27 is a diagram showing one modified 
example of the on-SubStrate pad layout in the embodiment 1 
of the invention. 
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0051 FIG.28 is a diagram showing another modification 
of the on-substrate pad layout in the embodiment 1 of the 
invention. 

0.052 FIG. 29 is a diagram showing a further modifica 
tion of the on-substrate pad layout in the embodiment 1 of 
the invention. 

0.053 FIG. 30 is a diagram schematically showing a plan 
View of a structure including a Substrate mounting chips 
thereon in accordance with an embodiment 2 of the instant 
invention. 

0.054 FIG. 31 is a cross-sectional view of the semicon 
ductor device of FIG. 30 as taken along line D-D' in the 
embodiment 2 of the invention. 

0.055 FIG. 32 is a diagram schematically showing a plan 
View of a structure including a Substrate mounting chips 
thereon in accordance with an embodiment 3 of the inven 
tion. 

0056 FIG. 33 is a sectional view of the semiconductor 
device of FIG. 32 as taken along line E-E' in the embodi 
ment 3 of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0057. Some preferred embodiments of the present inven 
tion will now be described in detail with reference to the 
accompanying drawings below. Note that in all the drawings 
for use in explaining the embodiments, the same members 
are designated by the same reference characters with repeti 
tive explanations thereof will be eliminated. 

Embodiment 1 

0.058 FIGS. 1 to 3 are diagrams for explanation of a 
general configuration of a Semiconductor device in accor 
dance with an embodiment 1 of this invention, FIGS. 4 
through 12 are diagrams for detailed explanation of the 
structure of a substrate, FIGS. 13-19 are diagrams for 
detailed explanation of wire bonding between pads on chips 
and pads on the Substrate, FIGS. 20-21 are diagrams for 
detailed explanation of a wire bonding structure, FIG. 22 is 
a flow diagram for explanation of package assembly pro 
ceSS, FIGS. 23-26 are diagrams for explanation of a memory 
module, and FIGS. 27-29 are diagrams for explanation of 
more than one modified examples of the pad layout on the 
Substrate. 

0059 An explanation will first be given of a schematic 
arrangement of one example of the Semiconductor device of 
this invention in conjunction with FIGS. 1-3. FIG. 1 is a 
plan view, FIG. 2A is a front view, FIG. 2B is a side view, 
and FIG. 2C is a bottom view, and FIG. 3 shows a 
cross-sectional view as taken along line A-A of FIG. 1. 
0060. The semiconductor device of this embodiment is 
designed as a Surface-mount package of ball grid array 
(BGA) by way of example, which is constituted from four 
chips 1 with memory circuitry formed thereon, a Substrate 2 
mounting thereon these four chips 1, wires 3 used for 
connection between pads on this Substrate 2 and pads on the 
chips 1, Solder balls (bump electrodes) 4 as provided on a 
bottom or back Surface of the Substrate 2, a Sealing material 
5 for use in molding the chips 1 mounted on the substrate 2 
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and also the wires 3, and others. As shown in FIG. 1, this 
package is added with a marking 6 at one corner edge on the 
Surface thereof. 

0061. A respective one of the four chips 1 is arranged so 
that a memory circuit of Synchronous dynamic random 
access memory (SDRAM), for example, is provided thereon 
along with a plurality of pads that are provided on a Surface 
for electrical connection to this memory circuit. Respective 
pads on each chip 1 are with Specific function assignment as 
will be described below with reference to FIG. 16. 

0062) The substrate 2 is designed to have a multilayered 
lead structure of four layers, each of which is made of a glass 
epoxy material with a metallic thin film-Such as copper 
(Cu)-coated thereon by way of example, wherein a chip 1 
is mounted on its Surface with a die-bonding material 
7-Such as for example epoxy resin-laid therebetween, 
and wherein a plurality of pads is provided on the Surface, 
the pads being electrically connected via wires 3 to respec 
tive pads on this chip 1 respectively. Respective pads on this 
Surface are electrically connected to lands on the back 
Substrate Surface for connection of Solder balls, by way of a 
lead pattern on each layer and through-holes penetrating 
each layer and being filled with conductive materials. 
Respective layers of the Substrate 2 are with Specific func 
tion assignment as shown later in FIG. 5. Respective pads 
on the Substrate 2 and others are with function assignment as 
will be described later in the description in conjunction with 
FIGS. 6-9 and 17. 

0063) The wires 3 are formed of metal lines (bonding 
wires) made of gold (Au) for example, for causing the pads 
on the Substrate 2 to be electrically connected to the pads on 
each chip 1. 
0064. The solder balls 4 are external terminals of the 
package which are made of for example plumbum/Stannum 
(Pb/Sn) wherein a plurality of solder balls 4 being electri 
cally connected to respective lands that are disposed on the 
back surface of the substrate 2 is provided on the back 
surface of the substrate 2. Respective solder balls 4 are with 
function assignment as will be set forth later in conjunction 
with FIGS. 11-12. 

0065. The sealing material 5 is made of a resin material 
Such as epoxy resin for example; this Seal material 5 is for 
covering electrical exposure portions Such as the chips 1 
mounted on the substrate 2 and the wires 3 for molding, 
resulting in a BGA Surface-mount type package Structure. 
0066 One exemplary structure of the substrate 2 will 
then be explained with reference to FIGS. 4-12. FIG. 4 is a 
diagram Schematically showing a plan view of the Substrate 
2 with the chips 4 mounted thereon (the seal material 5 is not 
visible herein), FIG. 5 depicts a cross-sectional view of the 
structure of FIG. 4 along line B-B" (cross-section indication 
is omitted). FIGS. 6-9 are plan view diagrams showing lead 
patterns on respective layers of the Substrate 2, wherein 
FIG. 6 shows a first layer, FIG. 7 shows a second layer, 
FIG. 8 shows a third layer, and FIG. 9 shows a fourth layer, 
respectively. FIG. 10 is a plan view of the substrate 2 as 
through-viewed from its upper surface, and FIGS. 11-12 are 
plan view diagrams each showing the layout of Solder balls 
4 when through-viewed from the upside of the substrate 2. 
0067. As shown in FIG.4, the substrate 2 of substantially 
rectangular planar shape (polygon having a pair of long 
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sides and a pair of short sides) has its Surface on which four 
chips 4 of Substantially rectangular planar shape are 
mounted, each of which has a pair of long Sides and a pair 
of short Sides, wherein these four chips 1 are disposed into 
a 2D matrix (grid-like shape) array of two rows (in a lateral 
direction along short sides) and two columns in an up/down 
direction (along longsides). Let the lower left side be called 
a first chip 1a, the lower right one be a Second chip 1b, the 
upper right one be a third chip 1C, and upper left one be a 
fourth chip 1d. For purposes of explanation only, the lower 
side chips 1a, 1b with respect to an index portion 8 formed 
of a gold plated film for indication of the direction of the 
substrate 2 are added with markings F indicative of the 
direction of chipS 1 at the upper Side thereof whereas the 
upper side chips 1c, 1d relative to the index 8 are added with 
Similar markings F at the lower Side thereof, respectively. 
These four chipS 1 are disposed in Such a manner that the 
upper side pair and the lower Side pair thereof are in a linear 
Symmetrical layout relative to the center line in the direction 
of the longsides of the substrate 2. In other words, the four 
chips 1 are laid out So that certain ones forming a pair with 
Short-Side marking Fadded thereto are located neighboring 
upon each other. 

0068. In addition, each chip 1 is such that a plurality of 
pads 9 is disposed thereon and organized into an almost 
linear array extending Substantially along the center line in 
the short-side direction. While a detailed explanation as to 
the plurality of pads 9 being laid out to have the so-called 
“center pad layout” structure will be later given (in con 
junction with FIGS. 14-16), they are laid out on one side of 
a pair of short sides to thereby permit address pads 9a to be 
located on the center Side on the plane of the Substrate 2, for 
common-use or “commonization of an address Signal. 
More specifically, the chips 1a, 1b that are disposed on the 
lower side of the Substrate 2 in FIG. 4 have address pads 9a 
which are collected together at the upper part thereof 
whereas the remaining chips 1c, 1d that are disposed on the 
upper side of Substrate 2 have address pads 9a which are 
collected together at the lower part thereof. Control pads 9b 
of control Signals are similarly laid out So that these are 
positioned on the center side of the substrate 2. On the other 
hand, input/output pads 9c are laid out on the other side 
along the pair of short Sides in Such a manner that these are 
located on the peripheral Side on the plane of Substrate 2. 
Additionally, any specific regularity is not found relative to 
power Supply pads 9d. 

0069. A cross-sectional view along line B-B' passing 
through this part of such address pads 9a is as shown in FIG. 
5. As shown in FIG. 5, the Substrate 2 is formed of a 
four-layer lamination Structure, wherein a first layer acting 
as its uppermost layer is assigned to a signal layer (1), a 
Second layer is assigned to a ground voltage (VSS) layer of 
the power Supply, a third layer is to a power Supply Voltage 
(VDD) layer of the power supply, and a fourth layer serving 
as the lowermost layer is assigned to a signal layer (2), 
respectively. This four-layer lamination Structured Substrate 
2 is Such that desired lead wire patterns of respective layers 
are connected via through-holes 10 filled with conductive 
materials penetrating respective layers. In addition, the top 
Surface and bottom Surface of the Substrate 2 are covered or 
coated with resist films 11 for electrical insulation, except 
for Specified portions corresponding to the pads and lands. 
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0070 The first, uppermost layer of this substrate 2 is 
arranged as shown in FIG. 6. Note here that although in 
FIG. 6 function assignment indicator markings are added 
only to the through-holes 10 due to a limitation to available 
Space on the drawing sheet, the pads 9 are the same in 
function assignment as the through-holes 10 to be connected 
by an electrical lead pattern. Respective are Such that 
A0-A13 designate address signals; DQ0-DQ63 denote 
input/output data; CLK (clock signal), CKE (clock enable 
Signal), /CS (chip Select Signal, where "/ indicates an 
inversion symbol), /RAS (row address strobe signal), /CAS 
(column address strobe Signal), /WE (write enable signal), 
and DQMB0-DQMB7 (data mask signals) denote control 
Signals, VDD is the power Supply; VSS, ground Voltage, 
respectively. 
0071. The address signals A0-A13 are the signals that are 
for use in Selecting any given memory cells in a memory 
array that constitutes the memory circuitry within the chip 1. 
The input/output data DQ0-DQ63 are those signals that will 
be input and output for writing or reading data into or from 
memory cells during write or read operations. Respective 
control signals CLK, CKE, /CS, /RAS, /CAS, /WE, 
DQMB0-DQMB7 are for use in controlling an operation of 
the memory circuitry. The power supply voltage VDD and 
ground Voltage VSS are Supplied for operation of the 
memory circuit. 
0072. As shown in FIG. 6, on the first layer of the 
Substrate 2, a plurality of pads 12 being electrically con 
nected via wires 3 to respective pads on the chip 1 respec 
tively are laid out in the form of linear arrays along the 
long-side direction of the Substrate, which include two 
“columns' at the center part thereof and two columns on the 
opposite Sides of the peripheral portions of the Substrate. 
This may be reworded in a way such that the pads 12 are 
organized into two columns lying inside and outside of a 
laterally Subdivided parts-mount Surface area on the Surface 
of each chip 1. Additionally the through-holes 10 that are 
connected by a lead pattern to respective pads 12 are 
disposed at Selected portions including but not limited to the 
parts-mount area of the chip 1 and the periphery of the 
Substrate 2. 

0073. In the first layer of this substrate 2, especially for 
purposes of achievement of common use or “commoniza 
tion' of more than one address signal, address pads 12a of 
address Signals A0-A13 are collected together at Specified 
part on the center Side in the long-Side direction of the 
substrate 2. Further, in FIG. 6, at laterally adjacent upper 
Side and lower-side pairs of chips 1, the address pads 12a of 
address signals A0-A13 that are disposed in the form of two 
columns at the center in the short-side direction are alter 
nately different in position from each other. Furthermore, at 
every combination of two upside and downside chips 1, 
address-use leads 13.a being connected to the address pads 
12a of respective address Signals A0-A13 and addressing 
through-holes 10a are made common. Furthermore, address 
leads 13a for connection between the address pads 12a of 
respective address signals A0-A13 and their corresponding 
address through-holes 10a are Such that a lead pattern is 
wired in parallel to lateral directional leads extending in the 
Short-Side direction of the Substrate 2-that is, in the right 
ward/leftward directions in FIG. 6. 

0074 For instance, an address pad 12a of address signal 
A0 of the right side chip 1c and an address pad 12a of 
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address signal A0 of the left side chip 1d are connected 
together by a lateral directional address lead 13a, wherein an 
address through-hole 10a is provided at a location on this 
address wiring 13.a. The address through-hole 10a corre 
sponding to this address pad 12a of address Signal A0 is 
provided within the parts-mount area of the right Side chip 
1c and is connected to an address wiring 13a on the fourth 
layer through an address through-hole 10a in the fourth layer 
as will be described later in the description. Similarly, the 
address pads 12a of address signals A1-A13 of the other 
upper lateral adjacent chips 1c, 1d are connected by lateral 
directional leads 13a with address through-holes 10a being 
located at Specified portions there along. At this combination 
of Such upper chips 1c, 1d, addressing through-holes 10a 
corresponding to address pads 12a of the address signals 
A0-A3, A9-A10 and A13 are provided on the right side 
whereas addressing through-holes la corresponding to 
address pads 12a of the address signals A4-A8, A11 and A12 
are provided on the left side thereof. 
0075) Further, in regard to address pads 12a of the 
address signals A0-A13 of the lower lateral chips 1a-1b also, 
these are commonly connected together by lateral direc 
tional address wiring leads 13a in a way Similar to that of the 
upper ones. However, although the lower Side chips 1a-1b 
are laid out in linear Symmetrical with the upper Side chips 
1c-1d, the layout of address through-holes 10a is the same 
as those in the upside in that addressing through-holes 10a 
corresponding to address pads 12a of the address signals 
A0-A3, A9-A10 and A13 are provided on the right side 
whereas addressing through-holes 10a corresponding to 
address pads 12a of the address signals A4-A8, A11 and A12 
are provided on the left side thereof. This is due to the 
relation with address leads 13a in the fourth layer to be later 
described. 

0076) The control signals such as CLK, CKE, /CS, /RAS, 
/CAS, /WE are such that these are commonized in a way 
Similar to that of the address Signals to be collected together 
on the center Side in the long-Side direction of the Substrate 
2, wherein two linear arrays of control pads 12b disposed at 
the center part in the short-Side direction are different in 
position from each other between the upper Side combina 
tion of two lateral chips 1 and the lower side combination of 
two lateral chipS 1. In addition, control-use through-holes 
10b and control-use leads 13b as connected to the control 
pads 12b of respective control Signals are commonized at the 
upside and downside lateral two chipS 1. Furthermore, 
control leads 13b for use in connecting together the control 
pads 12b of respective control Signals and their correspond 
ing control through-holes 10b are designed to have a later 
ally elongate wiring lead pattern. Additionally the layout of 
control through-holes 10b is such that the ones with the same 
functionality belonging to the upside and downside are 
provided on the same side of the left side or the right side. 
0.077 On the other hand, input/output pads 12c of input/ 
output data DQ0-DQ63 are collected together on the periph 
eral side (upside and downside) in the long-side direction of 
the Substrate 2. A respective one of those groups of input/ 
output pads 12c of the input/output data DQ0-DQ15 (lower 
left side), DQ16-DQ31 (lower right side), DQ32-DQ47 
(upper right side), and DQ48-DQ63 (upper left side) is for 
use with Signals corresponding to every chip 1, which may 
be separate ones that are provided in parallel independently 
of one another among the four chips 1. Similarly, input/ 
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output through-holes 10c and input/output leads 13c as 
connected to respective input/output pads 12c are also 
arranged separately. 
0078. Although power supply pads 12d of the power 
supply voltage VDD and ground potential VSS have no 
Specific regularities in layout, these are disposed on the 
peripheral Side (right Side and left side)-namely, outside of 
the parts-mount area of chip 1 or the like. Power Supply 
through-holes 10d being connected to these power Supply 
pads 12d are provided outside of Such area. Power Supply 
wiring leads 13d for use in connecting together the power 
Supply pads 12d and power Supply through-holes 1d are 
connected by a lead pattern that is greater in width than those 
leads for transmission of Signals Such as input/output data. 
0079 An explanation will next be given of the second 
layer of the substrate 2 with reference to FIG. 7. In FIG. 7 
also, respective reference characters added to through-holes 
10 for indication of the function assignment thereof are the 
same as those in the first layer. As shown in FIG. 7, the 
Second layer is designed to have the So-called “sheet-like 
solid' lead arrangement with a power Supply lead 13d of the 
ground potential VSS being sheeted on the layer. More 
Specifically, the Second layer is Such that the power Supply 
lead “sheet’13d including power-supply through-holes 10d 
of the ground potential VSS is coated thereon while letting 
peripheral portions of the other through-holes be associated 
with no leads, which include respective through-holes 10a 
10c of the power Supply Voltage VDD, addressing Signals 
A0-A13, input/output data DQ0-DQ63, and control signals 
CLK, CKE, /CS, /RAS, /CAS, WE, DOMB0-DOMB7. 
0080. The third layer of the substrate 2 is as shown in 
FIG. 8. In FIG. 8 also, respective reference characters 
added to through-holes 10 for indication of the function 
assignment thereof are the Same as those in the first layer. AS 
shown in FIG. 8, the third layer is arranged to have the 
So-called sheet-like Solid lead arrangement with a power 
supply lead 13d of the power supply voltage VDD being 
Spread thereon. More specifically, the third layer is Such that 
the power Supply lead “sheet13d including power-Supply 
through-holes 10d of the power supply voltage VDD is 
coated thereon while letting peripheral portions of the other 
through-holes be associated with no leads, which include 
respective through-holes 10a–10c of the ground potential 
VSS, addressing signals A0-A13, input/output data DQ0 
DQ63, and control signals CLK, CKE, /CS, /RAS, /CAS, 
/WE, DOMB0-DOMB7. 

0081. Next, the lowermost, fourth layer of the Substrate 2 
is as shown in FIG. 9. It should be noted that although in 
FIG. 9 the function assignment symbols are added only to 
those lands 14 to which solder balls 4 are to be adhered due 
to a limitation of available Space on the drawing sheet, 
through-holes 10 will be the same in function assignment as 
the lands 14 as connected by a wiring lead pattern. Respec 
tive reference characters are the same in function assignment 
as those in the first layer Stated Supra. 
0082. As shown in FIG. 9, the fourth layer of the 
Substrate 2 is arranged So that a plurality of lands 14 to which 
solder balls 4 are to be electrically connected is laid out at 
the periphery of Substrate 2 excluding the center part thereof. 
More Specifically, in order to reduce complexity in resultant 
wiring lead pattern, the lands 14 are provided and organized 
into a matrix of eight (8) rows and nine (9) columns, which 
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matrix consists of an upper Side Sub-matrix and a lower side 
Submatrix each consisting of four (4) rows and nine (9) 
columns, wherein the rows extend along the short Sides of 
the Substrate 2 whereas the columns extend along the long 
Sides thereof, and are provided at the center part into a 
matrix of 9 rows and 4 columns as divided into a right side 
9-row/2-column Submatrix and a left side 9-row/2-column 
Submatrix. Hence, the Solder balls 4 to be adhered to these 
lands 14 are provided which consist of one hundred and 
eight (108) ones (where 108=8x9+9x4). In addition, 
through-holes 10 that are connected by a lead pattern to 
respective lands 14 are disposed at the same locations as 
those in the aforesaid first to third layers in Such a manner 
as to be used in common or “commonized” between the 
upper and lower two chips 1. 

0.083. In the fourth layer of this substrate 2, especially in 
order to commonly use or “commonize” address Signals in 
the same way as that in Said first layer, addressing lands 14a 
of address Signals A0-A13 corresponding to the upper-and 
lower/right-and-left four chips 1 are commonized So that 
these are collected together at locations on the opposite 
SideS-i.e. on the right Side and left Side-in the long-side 
direction of the Substrate 2. Further, address leads 13a for 
use in connecting together address lands 14a of respective 
address Signals A0-A13 and their corresponding address 
through-holes 10a are designed into the form of longitudinal 
wiring leads extending in the long-Side direction of the 
Substrate 2-in other words, they are railed to have a lead 
pattern resembling wave ripples in the up/down direction of 
FIG. 9. Additionally, the layout of address through-holes 
10a is such that the ones with the same functionality 
belonging to the upside and downside are provided on the 
Same Side of the left Side or the right Side. 
0084. For example, addressing through-holes 10a corre 
sponding to the upper Side chips 1c, 1d for connection to the 
address land 14a of address signal A0 being disposed on the 
right side of the substrate 2 and address through-holes 10a 
corresponding to the lower Side chips 1a, 1b are connected 
together by a laterally elongated address lead 13a. And, the 
address lead 13 is railed from one of the address through 
holes 10a which is on the lower side toward the address land 
14a of address signal A0. Similarly, those address through 
holes 10a being connected to the remaining address lands 
14a of address signals A1-A3, A9-A10, A13 which are 
disposed on the right Side are also connected by longitudinal 
address leads 13.a. Furthermore, those address through-holes 
10a being connected to the address lands 14a of address 
signals A4-A8, A11-A12 which are disposed on the left side 
these are also connected by longitudinal address leads 13a in 
the same manner as that on the right Side. 

0085. Further, regarding the control signals CLK, CKE, 
/CS, /RAS, /CAS, /WE, and the like also, these are com 
monized in the Same way as that of the address signals and 
control lands 14b are collected together at the opposite 
SideS-i.e. on the right Side and left Side-in the long-side 
direction of the Substrate 2. Furthermore, control leads 13b 
for use in connecting together the control lands 14b of 
respective control Signals and their corresponding control 
through-holes 10b are organized into the form of a longitu 
dinally elongate lead pattern. Additionally the layout of 
control through-holes 10b is provided on the same side 
relative to the upper side and the lower Side. 
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0086 On the other hand, input ?output lands 14c of 
input/output data DQ0-DQ63 are collected together at cor 
ner edge portions on the periphery in the long-Side direction 
of the substrate 2. These respective lands 14c of input/output 
data DQ0-DQ15 (lower left side), DQ16-DQ31 (lower right 
side), DQ32-DQ47 (upper right side) and DQ48-DQ63 
(upper left Side) are those signals corresponding to every 
chip 1 and are provided in parallel independently among the 
four chips 1. Additionally, input/output through-holes 10c 
and input/output leads 13c as connected to respective input/ 
output lands 14c are also arranged Separately. Input/output 
leads 13c for use in connecting together these respective 
input/output lands 14c and input/output through-holes 10c 
are connected by a “fat lead pattern with increased line 
widths. 

0087 Although power supply lands 14d of the power 
supply voltage VDD and ground potential VSS have no 
Specific regularities for layout, these are mainly disposed at 
or near the center part in the short-Side direction of the 
Substrate 2 and/or on the opposite SideS-the right Side and 
left Side-of the center part in the long-side direction or the 
like. Power supply through-holes 10d being connected to 
these power Supply lands 14d are provided at peripheral 
edge portions in the short-Side direction. Power Supply 
wiring leads 13d for use in connecting together the power 
Supply lands 14d and power Supply through-holes 10d are 
connected by a “fat lead pattern with increased line widths. 
0088 AS has been discussed above, in the substrate 2 of 
the illustrative embodiment, it becomes possible, by com 
monly using or “commonizing the address signals A0-A13 
of four Separate chips 1 as mounted on the Substrate 2, to 
achieve the intended electrical connection from the first 
layer addressing pads 12a via the laterally extending address 
leads 13a and address through-holes 10a to the fourth-layer 
longitudinal address leads 13a and address lands 14a. Simi 
larly, it is also possible, by commonly Sharing or “com 
monizing” the control signals CLK, CKE, /CS, /RAS, /CAS, 
/WE, to attain the intended electrical connection from the 
first-layer control pads 12b via the laterally extending con 
trol leads 13b and control through-holes 10b to the fourth 
layer longitudinal control leads 13b and control lands 14b. 
0089. On the other hand, regarding the input/output data 
DQ0-DQ63 of the four chips 1 mounted on the substrate 2, 
it is possible to attain electrical connection from the first 
layer input/output pads 12c via the input/output leads 13c 
and input/output through-holes 10c to the fourth-layer input/ 
output leads 13c and input/output lands 14c in an indepen 
dent and parallel fashion. 
0090 Turning now to FIG. 10, there is shown a plan 
view of the first and fourth level signal layers in this 
substrate 2, which is through-viewed from the upside 
thereof. As apparent from viewing FIG. 10 also, it would be 
readily understandable that a wiring lead pattern of the 
address leads 13a and control leads 13b at the center part in 
the long-side direction of the substrate 2 is formed of 
longitudinally extending leads (first layer) and lateral leads 
(fourth layer), each of which is connected via an address 
through-hole 10a and control through-hole 10b. 

0091. In addition, Solder balls 4 are laid out on the bottom 
or back Surface of the Substrate 2, which have functions 
corresponding to the function assignment of respective lands 
14 on the fourth layer, wherein the layout and function 
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assignment are as shown in FIG. 11 and FIG. 12 (each is a 
diagram as looked at from the upside thereof). FIG. 11 
corresponds to a x64 input/output bit configuration whereas 
FIG. 12 corresponds to a x32 input/output bit configuration, 
which will be described later. It would readily occur to those 
skilled in the art from viewing FIGS. 11-12 that those 
addressing Solder balls 4a of commonly usable or “com 
monizeable” address signals and solder balls 4b of control 
Signals are laid out on the opposite Sides of the center part 
in the long-side direction of the Substrate 2 whereas input/ 
output Solder balls 4c of input/output data are disposed at 
Specified portions at the peripheral edges in the long-side 
direction of substrate 2. Additionally, solder balls 4d of the 
power Supply voltage VDD and ground potential VSS are at 
certain locations at the center part in the short-Side direction 
of the Substrate 2 and also on the both Sides, i.e. right side 
and left Side, of the center part thereof and the like. 
0092 An explanation will next be given of one example 
of the wire bonding between the pads 9 on the chips 1 and 
the pads 12 on the Substrate 2 with reference to FIGS. 13-19. 
FIG. 13 is a plan View diagram showing a connection State 
of wires 3; FIG. 14 is a plan view showing a connection 
state of x 16 input/output bit configuration; and, FIG. 15 is 
a plan View showing a connection State of x8 input/output bit 
configuration. FIG. 16 is a table indicating the function 
assignment of pads 9 on chips 1; and FIG. 17 indicates 
function assignments of respective X16- and x8-input/output 
bit configurations of pads 12 on the substrate 2. FIG. 18 is 
a function assignment table Schematically showing a x64 
(x16) input/output bit configuration whereas FIG. 19 is a 
function assignment table Schematically showing a x32 (x8) 
input/output bit configuration. 

0093. As shown in FIG. 13, in the state that four chips 1 
are mounted on the Substrate 2, wires 3 are Substantially 
alternately bonded for electrical connection from pads 9 on 
each chip 1 toward the pads 12 that are disposed on the 
opposite SideS-right Side and left Side-of each chip 1 on 
the Substrate 2. An enlarged view of one of these four chips 
1 is shown in greater detail in FIGS. 14-15, which show x 16 
and x8-input/output bit configurations respectively. In Sum 
mary, either one of the X16- and x8- input/output bit 
configurations is achievable by use of the Same chip 1 while 
changing coupling of wires 3 therefor. 

0094. The function assignment of the pads 9 on the chip 
1 is as shown in FIG. 16. Those pads 9 with pad numbers 
1-36 added thereto are laid out at the center side in the 
long-side direction of the Substrate 2 whereas those added 
with pad numbers 37-72 are disposed on the peripheral side 
in the long-Side direction of the Substrate 2. AS shown in 
FIGS. 14-15, respective pads 9 on this chip 1 are more 
precisely Such that these are provided along the long-side 
direction in Such a manner as to be slightly shifted in 
position from the center line in the short-side direction while 
letting a slight offset be found between the pad numbers 1-36 
and pad numbers 37-72. Note here that such pad offset 
layout to one side may be freely modified on a case-by-case 
basis and that the invention should not be limited only to 
Said example. 

0.095 Especially, in regard to the layout of respective 
pads 9 on the chip 1, addressing pads 9a of the address 
signals A0-A13 (pad numbers 10-21 and 24-25) are assigned 
in the pad numbers 1-36 located on the center side in the 
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long-side direction of the Substrate 2. Further, control pads 
9b of the control signal CLK (pad number 29), CKE (pad 
number 27), /CS (pad number 26), /RAS (pad number 28), 
/CAS (pad number 30), and /WE (pad number 32) are also 
assigned in the pad numbers 1-36 on the center Side in the 
long-side direction of the Substrate 2. 
0096. On the other hand, input/output pads 9c of the 
input/output data DQ0-DQ15 (pad numbers 39-40, 43-46, 
49-50, 53-54, 57-60 and 63-64) are assigned in the pad 
numbers 37-72 located on the peripheral side in the long 
side direction of the substrate 2. Additionally the input/ 
output data DQ0-DQ15 correspond to the chip 1a; the 
remaining chips 1b-1d correspond to the input/output data 
DQ16-DQ31, input/output data DQ32-DQ47, and input/ 
output data DQ48-DQ63, respectively. 
0097. In addition, power supplying pads 9d pertaining to 
the power supplies (VDD, VSS, VDDI, VSSI, VDDQ, 
VSSQ, VDDIU, VSSIU) and test/inspection pads 9e con 
cerning probe-test use power supplies (VBB, VPLT, VPP, 
VPERI, VDL, VBLR) are assigned without any specific 
regularities. 
0098. The pads 9 on the chip 1 also include option-use 
pads 9f having a bonding option function, which pads are 
assigned to the pad numbers 8 (BOP1B), 9 (BOP2B), and 66 
(BOPOB), wherein alteration of connection between these 
option pads 9f on the chip 1 and option pads 12f on the 
Substrate 2 which have bonding-option functionality makes 
it possible to establish x 16 or x8 input/output bit configu 
ration. Note that in the case of establishment of x8 input/ 
output bit configuration, no wire bonding processes are 
applied to those input/output pads 9c of DQ8-DQ15 as 
Selected from among the input/output pads 9c of the input/ 
output data DQ0-DQ15. 
0099 Function assignment of respective pads 12 on the 
Substrate 2 is as shown in FIG. 17. Note here that as FIG. 
17 shows assignment corresponding to a single chip (1a), 
actually a four-time greater number of pads 12 correspond 
ing to four Separate chips 1 are disposed and assigned in a 
way similar thereto. Those pads 12 of pad numbers 1-28 are 
provided on the right Side of the parts-mount area of the 
chip 1 whereas pads 12 of pad numbers 29-57 are on the left 
Side of the parts-mount area of the chip 1. In addition, pads 
12 of pad numbers 1-13, 29-42 are laid out so that these are 
located on the center Side in the long-Side direction of the 
substrate 2 whereas pads 12 of pad numbers 14-28, 43-57 
are on the peripheral Side in the long-Side direction of the 
substrate 2. Of those pads, the pad 12 of pad number 1 is 
designed to have a specified size large enough to permit 
three, or more or less, wires 3 to be connected thereto, the 
pads 12 of pad numbers 14, 28-29, 43, 57 are each designed 
to have a size large enough to permit two, or more or less, 
wires 3 to be tied thereto. 

0100. In particular, with regard to the layout of respective 
pads 12 on the Substrate 2, in the same manner as that of the 
pads 9 on the chip 1, addressing pads 12a of the address 
signals A0-A13 (pad numbers 2-7, 9, 30-35 and 37) are 
assigned in the pad numbers 1-13, 29–42 located on the 
center Side in the long-side direction of the Substrate 2. 
Further, control pads 12b of the control signal CLK (pad 
number 11), CKE (pad number 10), /CS (pad number 38), 
/RAS (pad number 39), /CAS (pad number 40), and /WE 
(pad number 12), DQMU (pad number 41), DQML (pad 
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number 42) are also assigned in the pad numbers 1-13, 29-42 
on the center Side in the long-Side direction of the Substrate 
2. 

0101. On the other hand, in the same as that of the 
input/output pads 9c on the chip 1, input/output pads 12c of 
input/output data DQ0-DQ15 (pad numbers 15, 17-18, 20, 
22, 24-25, 27, 44, 46-47, 49, 51, 53-54, 56) are assigned in 
the pad numbers 37-72 as located on the peripheral side in 
the long-side direction of the Substrate 2. Regarding these 
input/output pads 12c, in addition to Said input/output data 
DQ0-DQ15 corresponding to the chip 1a, respective pads of 
input/output data DQ16-DQ31 corresponding to the chip 1b, 
input/output data DQ32-DQ47 corresponding to the chip 1c, 
and input/output data DQ48-DQ63 corresponding to the 
chip 1d are disposed on the Substrate 2. 
0102) Additionally, power supply pads 12d as to the 
power supplies (VDD, VSS, VREF) are assigned with no 
Specific regularities as in the power Supply pads 9d on the 
chip 1. 
0103) The pads 12 on the substrate 2 also include option 
use pads 12f having a bonding option function, which pads 
are assigned to the pad number 1 (BOP2B, BOP1B), 
wherein alteration of connection between these option pads 
12f on the substrate 2 and option pads 9f on the chip 1 makes 
it possible to establish x16 or x8 input/output bit configu 
ration. For instance, the X16 input/output configuration is 
achievable by connecting the option pad 9f (BOP2B) of the 
pad number 9 on the chip 1 to the option pad 12f (ground 
potential VSS) of pad number 1 on the substrate 2. Alter 
natively, the x8 input/output configuration may be estab 
lished by connecting the option pad 9f (BOP1B) of the pad 
number 8 on the chip 1 to the option pad 12f (ground 
potential VSS) of pad number 1 on the substrate 2. 
0104 Further, in the case of establishment of the x8 
input/output bit configuration, it will no longer be required 
that wires 3 be connected to the input/output pads 12c of 
DQ8-DQ15 as selected from among the input/output pads 
12c of input/output data DQ0-DQ15 on the substrate 2; thus, 
no wire bonding will be carried out. In this case, Since 
assignment of the input/output data DQ0-DQ15(x16), DQ0 
DQ7 (x8) is different between the x16 and x8 input/output 
bit configurations, that is, they are in relation of correspon 
dence of DQ0(x16)-DQ0(x8), DQ1 - NC (No Connection), 
DO2 - DO1, DO3 - NC, DO4 - DO2, DO5 - NC, DO6 - 
DO3, DQ7 - NC, DO8 - NC, DO9 - DQ4, DQ10 - NC, 
DO11 - DO5, DO12 - NC, DO13 - DO6, DO14 - NC, 
DQ15 - DQ7, no wires 3 are connected to the input/output 
pads 12c of the pad numbers 15, 18, 22, 25, 44, 47, 51, 54 
in the case of establishment of the x8 input/output bit 
configuration. 
0105. In addition, regarding the control signals of data 
mask Signals, it will also be required that wires 3 be 
connected to the control pads 12b of the pad numbers 41 
(DQMU), 42 (DQML) on the substrate 2 in the case of the 
X16 input/output bit configuration; in the case of the x8 
input/output bit configuration, let wires 3 be connected to the 
control pad 12b of the pad number 41 (DQM) on the 
Substrate 2. 

0106 A function arrangement of the resulting package 
having the four chips 1 of x 16 or x8 input/output bit 
configuration with the wire bonding completed in the way 
noted above is schematically shown in FIG. 18 (x16-4M: 
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x64), FIG. 19 (x8-8M; x32). An either one of the illustrative 
chips is 64-Mbit SDRAM, wherein the package of x64 
input/output bit configuration is of function assignment of 
4Mx16 whereas the package of x32 input/output bit con 
figuration is 8Mx8 in function assignment. The memory 
capacity of Such package becomes 256 Mbit. 

0107 As shown in FIG. 18, the package of x64 input/ 
output bit configuration is Such that address Signals A0-A13, 
chip Select signal /CS, row address Strobe Signal /RAS, 
column address Strobe Signal /CAS, write enable Signal 
/WE, clock signal CLK, and clock enable signal CKE are 
input in common to the four Separate chipS 1. Data mask 
signals DQMB0-DQMB7 are supplied in a way such that 
DQMB0 (DQMU) and DQMB1 (DQML) are input to the 
first chip 1a, DQMB2 and DQMB3 are to the second chip 
1b, DQMB4 and DQMB5 are to the third chip 1c, and 
DQMB6 and DQMB7 are to the fourth chip 1d, respectively. 
Input/output data DQ0-DQ64 are such that DQ0-DQ15 are 
input/output relative to the first chip 1a, DQ16-DQ31 are to 
the second chip 1b, DQ32-DQ47 are to the third chip 1c, and 
DQ48-DQ63 are to the fourth chip 1d, respectively. 
0108. An operation of this x64 input/output bit configu 
ration is Such that the internal circuitry of each chip 1 is 
operation-controlled on the basis of the control Signals /CS, 
/RAS, /CAS, /WE, CLK, CKE, DOMB0-DOMB7. One 
example is that during read and write operations, a row 
address Signal and a column address Signal are input to a row 
decoder and column decoder respectively within each chip 
1 So that any given memory cell or cells will be Selected in 
the memory array thereof. And, during reading, data of more 
than one memory cell thus Selected is output from an output 
buffer via a sense amplifier and input/output bus, which will 
then be read out as input/output data DQ0-DQ63 in a x64 
input/output bit configuration. Additionally, during writing, 
input/output data DQ0-DQ63 will be input from an input 
buffer in the x64 input/output bit configuration and then 
written into those memory cells being presently Selected. 

0109). On the other hand, as shown in FIG. 19, the 
package of x32 input/output bit configuration is generally 
Similar in operation to the package of x64 input/output bit 
configuration-i.e. address signals A0-A13 and the control 
signals /CS, /RAS, /CAS, /WE, CLK, CKE are commonly 
input to the four chips 1. Data mask signals DQMB0 
DQMB3 are supplied in a way such that DQMB0 (DQM) is 
input to the first chip 1a, DQMB1 is input to the second chip 
1b, DQMB2 is to the third chip 1c, and DQMB3 is to the 
fourth chip 1d, respectively. Input/output data DQ0-DQ31 
are such that DQ0-DQ7 are input and output to and from the 
first chip 1a, DQ8-DQ15 are input/output to/from the second 
chip 1b, DQ16-DQ23 are to/from the third chip 1c, and 
DQ24-DQ31 are to/from the fourth chip 1d, respectively. 
0110. An operation of this x32 input/output bit configu 
ration is Similar to that of the package of x64 input/output bit 
configuration and is performed in Such a way that the 
internal circuitry of each chip 1 is operation-controlled on 
the basis of the control signals/CS, /RAS, /CAS, /WE, CLK, 
CKE, DQMB0-DQMB3 for selection of a given memory 
cell or cells in the memory array on the basis of address 
Signals A0-A13. And, during reading, data of more than one 
memory cell thus Selected is output as input/output data 
DQ0-DQ31 from an output buffer in association with x32 
input/output bit configuration; during writing, input/output 



US 2002/0053732 A1 

data DQ0-DQ31 will be input from an input buffer in the 
x32 input/output bit configuration and then written as data 
into presently Selected memory cells. 
0111. A detailed explanation will next be given of one 
example of the bonding structure of the pads 9 on chips 1 
and the pads 12 on Substrate 2, in conjunction with FIGS. 
20-21 below. FIG. 20 is a schematical plan view of the 
coupling State of a Single wire 3, and FIG. 21 is a Sectional 
view as taken along line C-C of FIG. 20. 
0112 As shown in FIG. 20, in the package with four 
Separate chipS 1 mounted on the Substrate 2, a single wire 3 
is tied between a pad 9 on chip 1 and a pad 12 on Substrate 
2. A Sectional view of this structure along line C-C passing 
through this portion of wire 3 is shown in FIG. 21. As shown 
in FIG. 21, the substrate 2 is provided with solder balls 4 on 
the back Surface thereof, wherein Specified portions exclud 
ing these Solder balls 4 and portions excluding pads 12 on 
the Surface are covered or coated with a resist 11 for 
electrical insulation. In addition to the above-noted through 
holes 10 penetrating the Substrate 2 from its top surface to 
bottom surface, this substrate 2 has a penetration hole 15 for 
use in forcing moisture vapor to escape outwardly, which 
Vapor can be generated during thermal processing at Solder 
reflow process steps. This will especially be effective in 
cases where Some problems exist as to the reflow charac 
teristics in combination of members. 

0113 Further, in the case of provision of the penetration 
hole 15, said resist 11 covering the surface is provided at the 
periphery of this penetration hole 15, as a step-like height 
difference correction member which Serves to reduce any 
possible step-like Surface irregularities. Furthermore, in 
order to prevent unwanted blocking of this penetration hole 
15, a die-bonding material 7 is disposed to cover up to a 
location as slightly Spaced part from the periphery of the 
penetration hole 15. 
0114. In the wire bonding procedure, in cases where the 
pads 12 on the Substrate 2 are in close proximity to the lateral 
Sides of chipS 1 due to limitations of external Shape, wire 
bonding is carried out with the pads 12 on Substrate 2 being 
as a first bond side of wire bonding and with the pads 9 on 
chips 1 being as a Second bond Side thereof. This makes it 
possible to improve the distance margin between Such chips 
1 and wires 3. Additionally as the wires 3 are forced to rise 
up on the first bond Side, it is possible to reduce the height 
of wires 3 from the Surface of the Substrate 2. 

0115 Further, in the case of performing wire bonding 
processes, it will often happen that wiring lead patterns can 
be damaged depending on the passivation Strength at the 
periphery of the pads 9 on chips 1. To eliminate this 
damageability, gold balls 16 are prebonded onto the pads 9 
on chipS 1; then, Second bonding is applied to these gold 
balls 16. This is done through effectuation of known good 
die (KGD) processes, and will be similarly effective in cases 
where gold balls 16 reside on the pads 9. The same will also 
be effective even where the first bonding is performed 
relative to the pads 9 on chips 1. 
0116. An explanation will next be given of an assembly 
flow of a BGA Surface-mount type package in accordance 
with this embodiment, in conjunction with FIG. 22 below. 
0117. At the beginning, prior to the intended assembly, 
there are prepared chips 1 each of which has been cut by 
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dicing techniques away from a wafer and has an SDRAM 
formed thereon, a Substrate 2 of four-layer lamination Struc 
ture which was formed into a Strip-like shape in units of a 
plurality of e.g. Six (6) or more or less-ones, a die 
bonding material 7 Such as epoxy resin, wires 3 made of for 
example gold, a Sealing material 5 Such as epoxy resin, 
solder balls 4 made of for example plumbum/stannum or 
lead/tin, and others. 
0118 Firstly, at a die-bonding process step, let respective 
ones of a plurality of chips 1 be mounted on respective 
parts-mount regions on the Substrate 2 as formed into 
Strip-like shape through the die-bonding material 7 (at Step 
S1 in FIG. 22). During this process, attempts are made to 
prevent the die-bonding material 7 from badly behaving to 
block a penetration hole or holes 15 defined in the substrate 
2. 

0119 Further in a wire bonding process, let respective 
pads 9 on respective plural chips 1 be connected by wires 3 
to respective pads 12 on the Substrate 2 (at Step S2). In this 
case, first bonding is performed relative to the pads 12 on the 
Substrate 2 causing after fabrication of gold holes on these 
pads 12 the wires 3 to rise up and then curve toward the chip 
1 Side, thereby performing Second bonding on the gold balls 
16 of the pads 9 on chips 1. 
0120 Subsequently, in a Sealing process, use the Seal 
material 5 to mold the strip-shaped substrate 2 with the 
plurality of chips 1 mounted thereon to ensure that the chips 
1 and wires 3 will hardly be exposed (at step S3 in FIG.22). 
At this time, heat up for plasticization the Seal material 5 by 
transfer molding techniques, for example; then, insert under 
preSSure or “preSS-insert” it into a heated metal mold struc 
ture for mold-shaping processing. 
0121 Further in a solder ball attachment process, adhere 
or bond Solder balls 4, which will later be used as external 
terminals, to the back Surface of the Substrate (at Step S4). 
Lastly, at a Substrate cutaway proceSS Step, cutting for 
Separation is applied to a frame of the Strip-like Substrate 2 
to thereby Subdivide it into several separate packages (at 
step S5). Whereby, the intended BGA surface-mount type 
packages may be completed. 
0122) An explanation will next be given of one exem 
plary memory module employing the BGA Surface-mount 
type packages of this embodiment, in conjunction with 
FIGS. 23-26. FIG. 23 is a diagram showing a plan view of 
the memory module; FIGS. 24-26 are plan view diagrams 
showing wiring lead patterns of respective layer of a module 
board, wherein FIG. 24 shows a first layer, FIG. 25 shows 
a second layer, FIG. 26 shows a third layer, respectively. 
0123 FIG. 23 is an example of the small outline dual 
inline memory module (SODIMM), wherein four BGA 
Surface-mount type packages 22 each having a planar rect 
angular shape are mounted on a Substantially planarly rect 
angular module board 21, which are laid out to have a linear 
array along the long Sides of the board. External connection 
terminals 23 are provided along one long Side of this module 
board 21 on the both Surfaces thereof. This SODIMM offers 
1,024-Mbit memory capacity. 
0124. This SODIMM’s module board 21 is designed to 
have a six-layer lamination Structure by way of example, 
wherein three ones of Such six layers are arranged as Signal 
layers, the first layer of which is as shown in FIG. 24, the 
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Second one of which is shown in FIG. 25, and the third one 
of which is in FIG. 26. The three remaining layers of them 
are assigned for power Supply use. It should be noted that 
although FIGS. 24-26 show lands 24 and wiring leads 25 
plus through-holes 26 corresponding only to part of two 
BGA Surface-mount type packages 22, additional leads 
corresponding to the other two BGA Surface-mount type 
packages 22 are designed to extend in the rightward direc 
tion. 

0.125. In FIGS. 24-26, an ensemble of addressing lands 
24a of address Signals and controlling lands 24b of control 
Signals is collectively disposed on the center Side in the 
short-side direction of the module board 21 in a way 
corresponding to each BGA Surface-mount type package 22, 
wherein a lead pattern of parallel address wiring leads 25a 
and control leads 25b is led out and formed these respective 
lands 24a, 24b in the long-side direction of the module board 
21. Similarly, from input/output lands 24c of input/output 
data as collectively disposed on the peripheral Side in the 
short-side direction of the module board 21, a lead pattern of 
parallel input/output leads 25c is arranged in the long-side 
direction of the module board 21. In addition, through-holes 
26 filled with conductive materials for electrical connection 
through each layer are laid out at those locations similar to 
the BGA Surface-mount type packages 22, for example. 
0126 The SODIMM thus arranged as stated above is 
assembled as a memory module into various types of 
electrical devices Such as for example computers, for use as 
a main Storage unit for Storing therein a large amount of data 
and the like. 

0127 Consequently, according to the BGA Surface 
mount type packages 22 of this embodiment, the following 
advantages are obtainable. 
0128 (1) By disposing the pads 9 on chips 1 in a way 
such that the address/control signal pads 9a-9b are laid out 
at the central part whereas input/output data's input/output 
pads 9c are at peripheral portions while letting the Substrate 
2 to have a four-layer lamination Structure, it becomes 
possible to dispose on each layer of the Substrate 2 a pattern 
of certain wiring leads 13, adjacent ones of which contact 
(touch) each other resulting in creation of interference; thus, 
it is possible to improve the degree of freedom or flexibility 
in railing leads for connection from the pads 9 on chips 1 via 
the Substrate 2 to the Solder balls 4. 

0129 (2) Disposing a group of address/control signal 
pads 12a, 12b on the substrate 2 and through-holes 10a, 10b 
and the like at the center part with respect to four chips 1 
makes it possible to common use or “commonization' of 
leads 13a, 13b for use in connecting together these pads 12a, 
12b and the through-holes 10a, 10b, thereby enabling, as in 
the Said case, improvement in flexibility of railing leads for 
connection from the pads 9 on chips 1 via the substrate 2 to 
the Solder balls 4. 

0130 (3) Disposing the pads 12 on the substrate 2 in such 
a manner that they are divided into those lying at the central 
part among the chips 1 and the others at peripheral portions 
makes it possible to permit bonding processes of wires 3 
from the pads 9 on chips 1 toward the pads 12 on Substrate 
2 to be done in away Separately for the right Side and the left 
Side; thus, it becomes possible to make easier railing of 
electrical leads for use with the BGA surface-mount type 
packages 22. 
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0131 (4) By having on the chips 1 and substrate 2 
Specific option-use pads 9f, 12f of bonding option functions 
capable of Switching into a X16 or x8 input/output bit 
configuration to thereby permit Switching of wire bonding, 
it is possible by using the Same chips 1 and Substrate 2 to 
achieve the intended BGA Surface-mount type package(s) 22 
of x64 or x32 input/output bit configuration. 

0132 (5) Providing more than one penetration hole 15 in 
the Substrate 2 makes it possible, in case problems occur in 
reflow characteristics depending on combination of mem 
bers, to allow moisture vapor occurring during thermal 
processing at Solder reflow process Steps to Successfully 
escape from the top Surface Side of the Substrate 2 through 
such penetration hole 15 toward the bottom surface side 
thereof. 

0133 (6) Applying the first bonding to the pads 12 on the 
Substrate 2 while performing the Second bonding to the pads 
9 on the chips 1 makes it possible to improve the distance 
margin between the chips 1 and the wires 3 in case the Side 
edges of chips 1 are in close proximity in position to the pads 
12 on the Substrate 2 due to a limitation of the Outer shape. 
In addition, as the wires 3 are forced to rise up on the Side 
of Such first bonding, it is possible by utilizing the height of 
the chips 1 to reduce the height of such wires 3 from the 
Surface of the Substrate 2. 

0134 (7) Prebonding gold balls 16 onto the pads 9 on the 
chipS 1 and then applying the Second bonding to portions 
overlying this gold ball 16 makes it possible to prevent 
damages to lead patterns on the chips 1. 

0135 (8) As the BGA surface-mount type packages 22 
are each arranged So that the address/control Signal Solder 
balls 4a-4b are centrally laid out whereas the input/output 
data Solder balls 4c are disposed at peripheral portions, it is 
possible by laterally disposing Such BGA Surface-mount 
type packages 22 to facilitate achievement of the module 
making procedure for manufacture of the intended memory 
module. 

0.136. It should be noted here that although in said BGA 
Surface-mount type packages 22 one specific example has 
been explained which comes with the pads 12 on the 
Substrate 2 including two columns extending in the long-side 
direction and two rows on the both sides of peripheral 
portions, this arrangement may be modified in a way as 
shown in FIGS. 27-29 by way of example. Note that FIG. 
27 shows only part at which two, upper and lower chips 1 
are mounted whereas FIGS. 28-29 each show only part 
whereat a single chip 1 is mounted. 
0137 FIG. 27 is an example wherein the pads 12 on the 
Substrate 2 are organized into Several linear pad array or 
“columns.” in Such a manner that a single column is dis 
posed at the center part in the long-side direction of the 
Substrate 2 and that a couple of parallel pad columns is 
disposed at each of the both Side peripheral portions while 
causing the Single column at the center part to be designed 
So that pads 12 are disposed only at Specified periphery in 
the long-side direction of the Substrate 2. In this case, with 
regard to address Signals and control Signals, wires 3 will be 
tied from the pads 9 on the chips 1 to those pads 12 as 
disposed into two columns at the peripheral portions on the 
Substrate 2, which will be effective in cases where the 
address Signal transmission leads are Substantially the same 
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in lead length as the control Signal transfer leads. Thus, it 
becomes possible to eliminate any possible time delay or 
time lag otherwise occurring between address signals or 
between control signals or alternatively between Such both 
Signals, thus enabling an operation to increase in Stability. 
0138 FIG. 28 is an example wherein the pads 12 on the 
Substrate 2 are organized into four linear pad array or 
“columns' in Such a manner that a couple of parallel pad 
columns is disposed at each of the both Side peripheral 
portions in the long-side direction of the Substrate 2. In this 
case, wires 3 will be tied from the pads 9 on the chips 1 for 
address signals and control Signals plus input/output data to 
those pads 12 as disposed into two columns at the peripheral 
portions on the substrate 2, which will be effective in cases 
where no space is present at the center part in the long-side 
direction of the Substrate 2. 

0139 FIG. 29 is a modified example of that shown in 
FIG. 28, which will be effective in case space is available 
between the upper side and the lower Side along the long 
Side direction of the Substrate 2 and also at the upper and 
lower Side edge portions. 

Embodiment 2 

0140 FIGS. 30-31 are drawings for explanation of a 
semiconductor device which is an embodiment 2 of the 
present invention. FIG. 30 is a schematical plan view 
diagram in the State that chips are mounted on a Substrate, 
and FIG. 31 depicts a cross-sectional view of the structure 
shown in FIG. 30 as taken along line D-D'. 
0141 The semiconductor device of the illustrative 
embodiment is arranged as a BGA Surface-mount type 
package in a way similar to that of Said embodiment 1, 
wherein the former is different from the latter in chip mount 
Structure-that is, this embodiment is designed to employ a 
Specific Structure which is Such that the chips are mounted 
on the Substrate by use of a face-down Structure, wherein the 
chips and the Substrate are flip-chip bonded together by 
metal balls with a resin material being filled in a Space 
between Surfaces of the chips mounted on the Substrate and 
the Substrate. 

0142 More specifically, as shown in FIG. 31, the BGA 
Surface-mount type package of this embodiment is generally 
configured from four chips 31 each with a memory circuit 
formed thereon, a Substrate 32 mounting thereon these four 
chips 31, Solder bumps 33 for use in connecting this sub 
strate 32 and chips 31 together, solder balls 34 provided on 
the back Surface of the Substrate 32, a protective material 35 
for protection of Surfaces of the chipS 31 as mounted on 
substrate 32, and others. This structure is substantially the 
same as said embodiment 1 except that the solder bumps 33 
are bonded to chips 31 in the alternative of bonding pads 
while providing lands 36 on the substrate 32 due to the fact 
that the surfaces of chips 31 become the side of the substrate 
32. 

0143 AS in said embodiment 1, the embodiment shown 
herein is also arranged So that four chips 31 each having a 
Substantially rectangular planar shape are mounted on the 
Substrate 32 of a Substantially rectangular planar shape in 
Such a manner that these chips are disposed in a matrix of 
two rows and two columns on the Substrate Surface, as 
shown in FIG. 30. This matrix array of these four chips 31 
may include an upper pair of chips and a lower chip pair, 
which are laid out in linear Symmetry with respect to the 
center line extending in the long-Side direction of the 
Substrate 32. 
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0144. In addition, the solder bumps 33 are laid out on the 
Surface of each chip 31 in the form of a matrix including a 
plurality of columns, e.g. four columns. These plurality of 
Solder bumps 33 are disposed So that address-use Solder 
bumps 33a of address Signals and controlling Solder bumps 
33b of control Signals are placed on the center Side in the 
long-side direction of the Substrate 32 for common use or 
“commonization' of Such address Signals and control Sig 
nals. On the other hand, input/output solder bums 33c of 
input/output data are disposed So that they are located on the 
peripheral Side in the long-side direction of the Substrate 32. 
0.145) Further, respective lands 36 on the substrate 32 are 
arranged similarly to the solder bumps 33 on the chips 31 in 
Such a manner that addressing lands 36a of address signals 
and control lands 36b of control Signals are disposed on the 
center Side in the long-side direction of the Substrate 32 
whereas input/output lands 36c of input/output data are laid 
out on the peripheral side in the long-Side direction of the 
Substrate 32. 

0146 Accordingly, with the BGA surface-mount type 
package of this embodiment, it is possible to obtain Similar 
advantages to those of Said embodiment 1 while at the same 
time enabling the package to decrease in size as compared 
to said embodiment 1 because of the fact that the Solder 
bumps 33 of the chips 31 are disposed in the form of a matrix 
array including a plurality of columns while designing the 
Substrate 32 So that it does not require any space around Such 
chipS 31 thereby avoiding the need to appreciably make 
larger the chips 31 and Substrate 32. 

Embodiment 3 

0147 FIGS. 32-33 are drawings for explanation of a 
Semiconductor device in accordance with an embodiment 3 
of the present invention. FIG. 32 is a schematical plan view 
diagram in the State that chips are mounted on a Substrate, 
and FIG.33 shows a sectional view of the structure of FIG. 
32 as taken along line E-E'. 
0.148. The semiconductor device of this embodiment is 
arranged as a BGA Surface-mount type package in the same 
way as in said embodiment 1, wherein the former is different 
from the latter in pad layout on chips-that is, this embodi 
ment is designed to employ the So-called peripheral pad 
layout Structure with on-chip pads disposed along the oppo 
Site sides at peripheral portions of neighboring chips. 

0149 More specifically, as shown in FIG. 33, the BGA 
Surface-mount type package of this embodiment is generally 
configured from four chips 41 each with a memory circuit 
formed thereon, a Substrate 42 mounting thereon these four 
chipS 41, wires 43 for use in connecting together pads on this 
substrate 42 and pads on the chips 41, solder balls 44 
provided on the back Surface of the Substrate 42, a Sealing 
material 45 for molding the chips 41 as mounted on Substrate 
42 and the wires 43, and the like. This structure is Substan 
tially the Same as Said embodiment 1 except that pads 46 on 
chipS 41 are disposed along the opposite sides in the 
long-side direction. 

0150 AS in said embodiment 1, the embodiment shown 
herein is also designed So that four chipS 41 each having a 
Substantially rectangular planar shape are mounted on the 
Substrate 42 of a Substantially rectangular planar shape in 
Such a manner that these chips are disposed in a matrix of 
two rows and two columns on the Substrate Surface, as 
shown in FIG. 32. This matrix array of these four chips 41 
includes an upper pair of chips and a lower chip pair, which 
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are laid out in linear Symmetry with respect to the center line 
extending in the long-side direction of the Substrate 42. 
0151. In addition, the plurality of pads 46 are laid out on 
the Surface of each chip 41 along the opposite Sides in the 
long-side direction. These pads 46 are disposed So that 
address-use Solder bumpS 46a of address Signals and con 
trolling pads 46b of control Signals are placed on the center 
side in the long-side direction of the Substrate 42 for 
common use or “commonization' of Such address signals 
and control Signals. On the other hand, input/output pads 46c 
of input/output data are disposed So that they are located on 
the other Side along the opposing Side on each chip 41-i.e. 
on the peripheral Side in the long-side direction of the 
Substrate 42. 

0152. Further, respective pads 47 on the Substrate 42 are 
arranged Similarly to the pads 46 on the chipS 41 in Such a 
manner that addressing pads 47a of address Signals and 
control lands 47b of control signals are disposed on the 
center Side in the long-side direction of the Substrate 42 
whereas input/output pads 47c of input/output data are laid 
out on the peripheral side in the long-Side direction of the 
Substrate 42. 

0153. Accordingly, with the BGA surface-mount type 
package of this embodiment, it is possible to obtain Similar 
advantages to those of Said embodiment 1 while Simulta 
neously enabling the package to decrease in size as com 
pared to Said embodiment 1 because of the fact that the pads 
46 of the chips 41 are disposed along the opposite sides 
thereby avoiding the need to appreciably make larger the 
chips 41. 
0154 It must be noted that the chips 41 of said peripheral 
pad layout Structure may be modified to have what is called 
the “mirror chip” wherein the pads 46 as disposed along the 
opposite Sides are inverted in function assignment. This 
mirror chip will be effective in cases where Signal transfer 
lines are made equal in lead length. 
O155 Although the invention as made by the present 
inventors as named herein has been practically explained on 
the basis of Several embodiments thereof, the present inven 
tion should not be limited only to such embodiments and 
may be freely modified and altered into a variety of forms 
without departing from the true Spirit and Scope of the 
invention. 

0156 For example, said embodiments stated Supra are 
arranged to exemplarily employ the BGA Surface-mount 
type package(s); however, the principal concepts of the 
invention may also be applied without any Significant alter 
ation to other packaging Structures with external terminals 
disposed on the back Surface of a Substrate, including but not 
limited to land grid array (LGA), chip size package (CSP), 
and other Similar Suitable Structures. 

O157. In addition, the requisite number of those chips 
mounted on the Substrate should not be limited only to 
four-in cases where two, three or five or more chips are to 
be mounted thereon, Similar effects and advantages may be 
obtained by taking into consideration the layout of address 
Signals and control Signals plus input/output data in the way 
discussed in conjunction with Said embodiments. 
0158. Further, the circuitry as formed on the chips should 
not be limited only to the SDRAM, and obviously the 
invention may also be applied to other memory circuits, 
including DRAMs, SRAMs, etc. 
0159 Furthermore, the Substrate should not be limited 
only to the four-layer lamination Structure and may alterna 
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tively be designed to have a lamination Structure of five or 
more layers, Still further, a tape of multilayer Structure is 
employable which includes metal thin-films made of copper 
(Cu) on a respective one of tape-shaped layers made of resin 
materials. Such as polyimide. In the case of this tape Substrate 
used, Such Substrate may be wound for processing into a 
reel-like shape at assembly process Steps. 
0160 Moreover, the function assignment of those con 
nection terminals of address signals and control Signals plus 
input/output data as disposed on the Substrate should not be 
limited to Said one as shown in the drawings, detailed 
assignment is modifiable in each of an ensemble of address/ 
control Signals laid out to place on the center Side of the 
Substrate and a collection of input/output data disposed on 
the peripheral Side of the Substrate. 
0.161 Additionally, while the present invention is effec 
tively adaptable for use in memory packages mounting a 
plurality of chips each with memory circuitry formed 
thereon, the invention may also be applied to other Semi 
conductor devices such as system LSIs with different types 
of chips mounted together in combination in a single pack 
age, including but not limited to a microprocessor or micro 
computer chip and multiple data Storage circuit chips opera 
tively associated therewith. 

Advantages of the Invention 
0162 Several effects and advantages obtainable by the 
representative ones of the inventions as disclosed herein are 
as follows. 

0163 (1) It becomes possible to improve the degree of 
freedom or flexibility of railing those wiring leads for use in 
connection from respective chips via a Substrate up to 
external terminals because it is possible to collectively 
dispose address leads on the center Side of the Substrate, by 
Specifically arranging four Separate chips on the Substrate in 
the form of a matrix consisting of rows and columns in Such 
a manner that one of a pair of short Sides of each chip is laid 
out adjacent to a corresponding one of a pair of Short Sides 
of its neighboring chip to ensure that respective addressing 
pads of each chip are placed on the center Side on the plane 
of Such Substrate while permitting corresponding pads in 
respective address pads of respective chips to be commonly 
coupled together to an external terminal. 
0.164 (2) By employing a specific arrangement wherein 
the Substrate is of a multilayer lamination Structure having 
wiring leads in a plurality of layers while providing a first 
lead layer extending in the short-side direction of the Sub 
Strate for electrically Separating or insulating between those 
address pads of certain chips as disposed in the Short-side 
direction of the Substrate and also providing a Second lead 
layer different from the first lead layer and extending in the 
long-side direction of the Substrate for electrically insulating 
between address pads of Specified chips as disposed in the 
long-side direction of the Substrate with each layer being 
electrically connected by more than one through-hole filled 
with a conductive material, it is possible to dispose on each 
layer of the Substrate a railing pattern of certain wiring leads 
adjacent ones of which can contact each other in the planar 
direction resulting in occurrence of interference; accord 
ingly, in combination with said (1), it becomes possible to 
improve the flexibility of arranging those wiring leads for 
connection from respective chips via a Substrate up to 
external terminals. 

0165 (3) Disposing the pads on the substrate along 
outside of a pair of long Sides of each chip makes it possible 
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to perform bonding processes of bonding wires from the 
pads on each chip to the pads on the Substrate in a way Such 
that to-be-bonded portions are distributed between the right 
Side and left Side, which in turn makes it possible to readily 
perform the intended railing of leads during wire bonding 
proceSSeS. 

0166 (4) Forming more than one penetration hole or 
aperture in the Substrate makes it possible for moisture vapor 
occurring due to thermal processing at Solder-reflow proceSS 
Steps to Successfully escape from the top Surface Side of the 
Substrate toward the bottom or back Surface side thereof in 
cases where problems occur in reflow characteristics in 
combination of members used. 

0167 (5) Applying the first bonding to the pads on the 
Substrate while applying the Second bonding to the pads on 
the chips makes it possible to improve the distance margin 
between the chips and the bonding wires in the event that the 
lateral Sides of Such chips are in close proximity in position 
to the pads on the Substrate due to a limitation to external 
shape. 
0168 (6) Forcing the bonding wires to rise up on the first 
bonding Side makes it possible to reduce by utilizing the 
height of chip the height of Such bonding wires as measured 
from the Surface of the Substrate. 

0169 (7) Forming metal balls on the pads on chips for 
permitting the Second bonding to be applied to Such metal 
balls makes it possible to prevent damages to electrical lead 
patterns on Such chips. 
0170 (8) By specifically designing respective chip and 
the Substrate Supporting them thereon So that these are 
respectively arranged to have option-use pads with bonding 
option functionalities capable of Switching between X16 and 
x8 input/output bit configurations, it is possible to permit 
each chip to offer x 16 or x8 input/output bit configuration 
through changeover of the bonding of those option-use pads 
on each chip and the Substrate, which in turn makes it 
possible by using the same chips and Substrate to arrange the 
intended x64 or x32 input/output bit configuration. 
0171 (9) Letting the address terminals of the external 
terminals be laid out at the center part of a pair of longsides 
of the Substrate while disposing input/output terminals at the 
corners thereof makes it possible, in case a module arrange 
ment is required, to dispose packages into a lateral array, 
which in turn enables facilitation of “moduling” resign 
activities. 

0172 (10) Due to said (1) to (9), when one-packaging of 
a plurality of chips, it becomes possible to achieve the 
intended Semiconductor device Suitable for use in accom 
modating the quest for larger capacities, by mounting four 
Separate chips on a Substrate in the form of a 2D matrix of 
two rows and two columns in the planar direction. 
What is claimed is: 

1. A Semiconductor device comprising four chips each 
having on its Surface a memory circuit and a plurality of 
pads including a plurality of address pads for use in inputting 
address Signals of Said memory circuit along with a plurality 
of input/output pads for inputting and outputting input/ 
output data and also having a pair of long Sides and a pair 
of short Sides, a Substrate Supporting thereon Said four chips 
and having on its Surface a plurality of pads including 
address pads and input/output pads as electrically connected 
to respective ones of the address pads and input/output pads 
of Said four chips, and a plurality of external terminals being 
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electrically connected to the address pads and input/output 
pads on Said Substrate and including address terminals and 
input/output terminals as provided on a bottom Surface of 
Said Substrate, 

Said four chips are disposed on Said Substrate in form of 
an array of rows and columns, the plurality of address 
pads of each of Said four chips are disposed adjacent to 
one side of Said pair of Short Sides, Said plurality of 
input/output pads are disposed and Spaced apart from 
one side of Said pair of Short Sides toward the other Side 
of Said pair of Short SideS when compared to Said 
plurality of address pads, one of the pair of short Sides 
of each of Said four chips is disposed adjacent to one of 
the pair of short Sides of its neighboring chip to permit 
the plurality of address pads of each of Said four chips 
are placed at central part on a plane of Said Substrate, 
corresponding pads in the plurality of address pads of 
each of Said four chips are commonly connected 
together to Said address terminals of Said external 
terminals, and the plurality of input/output pads of each 
of Said four chips are connected to Said input/output 
terminals of Said external terminals independently of 
one another in units of respective chips. 

2. The Semiconductor device according to claim 1, Said 
Substrate is of a polygonal shape having a pair of longsides 
and a pair of Short Sides, Said Substrate has a multilayered 
wiring lead structure with electrical leads of a plurality of 
layers, said four chips are laid out into a matrix of two rows 
in a direction along the short Sides of Said Substrate and two 
columns in a long Side direction, address pads of chips laid 
out in the short Side direction of Said Substrate are electri 
cally connected together by a first lead layer extending in the 
Short Side direction of Said Substrate, and address pads of 
chips laid out in the long Side direction of Said Substrate are 
electrically connected together by a Second lead layer being 
different from Said first lead layer and extending in the long 
Side direction of Said Substrate. 

3. The Semiconductor device according to claim 2, Said 
first lead layer is an uppermost layer among the plurality of 
lead layers of Said Substrate, Said Second lead layer is a 
lowermost layer among the plurality of lead layers of Said 
Substrate, and Said first lead layer and Said Second lead layer 
are electrically connected together by more than one 
through-hole filled with a conductive material as formed in 
Said Substrate. 

4. The Semiconductor device according to claim 3, Said 
external terminals have lands used for connection of Solder 
balls, Said Second lead layer is the same in level as the lands 
of Said external terminals, and all of the lads of Said external 
terminals are disposed on a bottom Surface of Said Substrate 
in an area outside of Said Second lead layer. 

5. The Semiconductor device according to claim 4, Said 
Substrate is of a rectangular shape, Said address terminals of 
Said external terminals are laid out at central part of a pair 
of long Sides of Said Substrate of rectangular shape, and Said 
input/output terminals of Said external terminals are dis 
posed at corner portions of Said Substrate. 

6. The Semiconductor device according to claim 5, more 
than one control pad for use in inputting a control Signal of 
Said memory circuit is further provided on each Said chip, 
one of each pair of Short Sides of Said four chips is disposed 
adjacent to a corresponding one of its neighboring chip to 
permit each control pad on each Said chip to be placed on a 
center Side on the plane of Said Substrate, each Said control 
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pad is commonized and connected to a control terminal of 
Said external terminals, and Said control terminal is disposed 
at central part of a long Side of Said Substrate. 

7. The Semiconductor device as recited in claim 1, char 
acterized in that the pads on each Said chip are laid out into 
a linear array along a long Side direction of each said chip 
at central part thereof. 

8. The Semiconductor device as recited in claim 1, char 
acterized in that the pads on each said chip are laid out along 
the pair of long Sides of each said chip. 

9. The Semiconductor device according to claim 1, the 
pads on each Said chip are disposed along outside of the pair 
of long Sides of each Said chip. 

10. The Semiconductor device according to claim 1, each 
Said chip is mounted on Said Substrate via a die-bonding 
material, the pads on each Said chip are connected by 
bonding wires to the pads on Said Substrate, each Said chip 
mounted on Said Substrate and Said bonding wires are 
Structurally arranged to be molded by a resin material, and 
Said Substrate is provided with a penetration hole for per 
mitting escape of moisture vapor occurring due to thermal 
processing during Solder reflow processes. 

11. The Semiconductor device according to claim 10, a 
Step-like Surface configuration correcting member made of a 
dielectric material is disposed at peripheral part of the 
penetration hole of Said Substrate. 

12. The Semiconductor device according to claim 10, Said 
die-bonding material is prevented from being disposed at the 
periphery of the penetration hole of Said Substrate. 

13. The Semiconductor device according to claim 1, each 
said chip is mounted on said Substrate by a face-down 
Structure, and each said chip and Said Substrate are coupled 
together by flip chip bonding techniques using metallic balls 
to have a structure with a resin material filled between a 
Surface of each said chip and Said Substrate. 

14. A Semiconductor device comprising four chips each 
having on its Surface a memory circuit and a plurality of 
pads including a plurality of address pads for use in inputting 
address Signals of Said memory circuit along with a plurality 
of input/output pads for inputting and outputting input/ 
output data and also having a pair of long Sides and a pair 
of short Sides, a Substrate Supporting thereon Said four chips 
and having on its Surface a plurality of pads including 
address pads and input/output pads as electrically connected 
to respective ones of the address pads and input/output pads 
of Said four chips, and a plurality of external terminals being 
electrically connected to the address pads and input/output 
pads on Said Substrate and including address terminals and 
input/output terminals as provided on a bottom Surface of 
Said Substrate, 

Said four chips are disposed in a linear Symmetrical 
fashion on Said Substrate in form of an array of rows 
and columns, the plurality of address pads of each of 
Said four chips are disposed adjacent to one Side of Said 
pair of Short Sides, Said plurality of input/output pads 
are disposed and Spaced apart from one Side of Said pair 
of short sides toward the other side of said pair of short 
SideS when compared to Said plurality of address pads, 
one of the pair of short Sides of each of Said four chips 
is disposed adjacent to one of the pair of short Sides of 
its neighboring chip to permit the plurality of address 
pads of each of Said four chips are placed at central part 
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on a plane of Said Substrate, corresponding pads in the 
plurality of address pads of each of Said four chips are 
commonly connected together to Said address terminals 
of Said external terminals, and the plurality of input/ 
output pads of each of Said four chips are connected to 
Said input/output terminals of Said external terminals 
independently of one another in units of respective 
chips. 

15. A Semiconductor device comprising four chips each 
having on its Surface a memory circuit and a plurality of 
pads including a plurality of address pads for use in inputting 
address Signals of Said memory circuit along with a plurality 
of input/output pads for inputting and outputting input/ 
output data and also having a pair of long Sides and a pair 
of short Sides, a Substrate Supporting thereon Said four chips 
and having on its Surface a plurality of pads including 
address pads and input/output pads as electrically connected 
to respective ones of the address pads and input/output pads 
of Said four chips, and a plurality of external terminals being 
electrically connected to the address pads and input/output 
pads on Said Substrate and including address terminals and 
input/output terminals as provided on a bottom Surface of 
Said Substrate, 

Said four chips are each Such that Said input/output pads 
are of x16 input/output bit configuration, correspond 
ing pads in respective plurality of address pads of each 
of Said four chips are connected in common to Said 
address terminals of Said external terminals, and the 
plurality of input/output pads of each of Said four chips 
are connected to said input/output terminals of Said 
external terminals in a way independent per each chip 
and are thus caused by Said four chips to have x64 
input/output bit configuration. 

16. The Semiconductor device according to claim 15, Said 
four chips each have an option-use pad with a bonding 
option function capable of permitting Said input/output bit 
configuration to Switch between X16 and x8, Said Substrate 
has an option-use pad with a bonding option function 
capable of letting Said input/output bit configuration Switch 
between X16 and x8, Switching between the option-use pad 
on each Said chip and the option-use pad on Said Substrate 
allows each of said four chips to exhibit either one of the 
X16- and x8-input/output bit configurations, and one of x64 
and x32-input/output bit configurations is established by 
Said four chips. 

17. A Semiconductor device including specified circuitry, 
a chip having on its Surface a plurality of pads for use in 
inputting and outputting respective signals of Said circuitry, 
and a Substrate having on its Surface a plurality of pads being 
electrically connected to the pads on Said chip respectively, 
and a plurality of external terminals as electrically connected 
to the pads on Said Substrate respectively, 

the pads on Said chip and the pads on Said Substrate are 
Structurally arranged So that they are connected 
together by bonding wires, first bonding is performed 
to the pads on Said Substrate, and Second bonding is 
done to the pads on Said chip. 

18. The semiconductor device according to claim 17, 
metal balls are preformed at the pads on Said chip, and Said 
Second bonding is applied to part overlying Said metal balls. 
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