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(57) ABSTRACT 

An input-output circuit cell includes an input-output circuit 
formed on a semiconductor chip and having a signal termi 
nal and an electric source terminal and a plurality of input 
output bumps connected to the signal and electric-source 
terminals of the input-output circuit through Wirings respec 
tively, the plurality of input-output bumps being made to 
correspond to the input-output circuit and arranged at a 
center in a plane of projection of the input-output circuit. 
Accordingly, the input-output circuit is disposed in an arbi 
trary position on the semiconductor chip. 
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INPUT-OUTPUT CIRCUIT CELL AND 
SEMICONDUCTOR INTEGRATED CIRCUIT 

APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an input-output 
circuit cell and a semiconductor integrated circuit apparatus. 

[0002] In a semiconductor integrated circuit apparatus 
such as a one-chip CPU, or the like, not only a logical device 
unit and a memory unit but also an external interface unit for 
interface connection to the outside and an input-output 
circuit unit serving as a buffer betWeen the external interface 
unit and an input-output terminal of the outside are formed 
on one semiconductor chip. 

[0003] The input-output terminal of an input-output circuit 
constituting an input-output circuit unit is connected to an 
input-output bump by means of Wiring in a multilayer Wiring 
substrate. Generally, the pitch interval of input-output 
bumps is made equal to the pitch interval of pins formed in 
a package. On the other hand, the siZe of an input-output 
circuit is determined on the basis of load drive force for 
driving circuit species or external devices and in accordance 
With the available semiconductor process, so that the pitch 
interval of input-output circuits is different from the pitch 
interval of input-output bumps. Accordingly, When input 
output circuits are to be arranged on a semiconductor chip, 
it is necessary to match the pitch interval of the input-output 
circuits With the pitch interval of the input-output bumps 
(that is, the pitch interval of pins in the package). Assuming 
noW that the pitch interval of pins in the package (that is, the 
pitch interval of the input-output bumps) is 300 pm and the 
pitch interval of the input-output circuits is 180 pm, then the 
least common multiple of the tWo is calculated and input 
output bumps and input-output circuits are arranged collec 
tively in design of layout so that six input-output circuits are 
made to correspond to six pins (six input-output bumps) in 
the package in a distance of 1800 pm. 

[0004] As described above, in the semiconductor inte 
grated circuit apparatus, input-output circuits cannot be 
arranged arbitrarily on the semiconductor chip because the 
pins of the package and the input-output circuits are 
designed to be arranged collectively in design of layout. 

[0005] Further, because the pins of the package and the 
input-output circuits must be arranged collectively in design 
of layout, the input-output circuits are arranged, for 
example, at the periphery of the semiconductor chip, that is, 
at four corners of the square semiconductor chip. In the 
system having input-output circuits arranged at the periph 
ery of the semiconductor chip, an external interface unit 
must be, hoWever, arranged near the center of the semicon 
ductor chip so that the distances from the input-output 
circuits arranged at the four corners are kept equal. As a 
result, With the advance of the increase of the chip siZe, the 
distances betWeen the external interface unit and the input 
output circuits increase, so that propagation delay increases. 
Particularly When the semiconductor integrated circuit appa 
ratus is applied to a high-performance CPU, overhead on 
performance increases. Further, in the system having input 
output circuits mounted at the periphery of the semiconduc 
tor chip, the number of input-output bumps alloWed to be 
arranged in one side is limited on the basis of the siZe of the 
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semiconductor chip and the pitch interval of the input-output 
bumps. That is, the number of input-output terminals is 
limited. 

[0006] With the advance of the integration of LSIs on the 
basis of the recent semiconductor re?ning technique, a 
central processing unit (CPU), and so on, are integrated into 
one chip and the number of input-output terminals required 
for one chip is shoWing a tendency to increase. Accordingly, 
in the system having input-output circuits mounted at the 
periphery of the semiconductor chip, the number of input 
output terminals is limited to the order of hundreds of 
terminals. 

[0007] On the contrary, as another method for arranging 
pins of the package and input-output circuits collectively in 
design of layout, for example, there is knoWn a method in 
Which input-output circuits are arranged in the form of 
stripes in the inside of the semiconductor chip. If eight 
input-output circuits are arranged in the form of stripes in the 
inside of the semiconductor chip, the number of input-output 
terminals can be doubled compared With the system having 
input-output circuits arranged at four corners of the semi 
conductor chip. By the arrangement of input-output circuits 
in the form of stripes in the inside of the semiconductor chip, 
the distances betWeen the external interface unit disposed at 
the center of the semiconductor chip and the input-output 
circuits can be relatively reduced compared With the afore 
mentioned system. Accordingly, propagation delay can be 
reduced. In the system having input-output circuits arranged 
in the form of stripes in the inside of the semiconductor chip, 
hoWever, a logic unit is separated by the input-output circuits 
arranged in the form of stripes. As a result, overhead on 
internal logic propagation delay increases because internal 
logic is required to propagate over the input-output circuits. 
Furthermore, there has been a US. Pat. No. 5,341,049 as a 
related art. 

SUMMARY OF THE INVENTION 

[0008] An object of the present invention is to provide an 
input-output circuit cell by Which input-output circuits can 
be arranged arbitrarily on a semiconductor chip. 

[0009] Another object of the present invention is to pro 
vide a semiconductor integrated circuit apparatus in Which 
propagation delay betWeen an external interface unit and 
input-output circuits is small, so that overhead on internal 
logic propagation delay is small. 

[0010] In order to achieve the above objects, according to 
an aspect of the present invention, provided is an input 
output circuit cell comprising: an input-output circuit 
formed on a semiconductor chip and including a signal 
terminal, and an electric source terminal; and a plurality of 
input-output bumps connected to the signal and electric 
source terminals of the input-output circuit through Wirings, 
Wherein the plurality of input-output bumps are made to 
correspond to the input-output circuit and the input-output 
bumps are arranged at a center in a planes of projection of 
the input-output circuit. With such a con?guration, input 
output circuits can be arranged arbitrarily on a semiconduc 
tor chip. 

[0011] In order to achieve the above objects, according to 
another aspect of the present invention, provided is an 
input-output circuit cell comprising: an input-output circuit 
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formed on a semiconductor chip and including a signal 
terminal, and an electric source terminal; and a plurality of 
input-output bumps connected to the signal terminal and the 
electric source terminal of the input-output circuit through 
Wirings respectively, Wherein the plurality of input-output 
bumps are made to correspond to the input-output circuit, 
and the input-output bumps are arranged relative to the 
input-output circuit so that an area occupied by the plurality 
of input-output bumps is equal to an area occupied by the 
input-output circuit. With such a con?guration, input-output 
circuits can be arranged arbitrarily on a semiconductor chip. 

[0012] In order to achieve the above objects, according to 
a further aspect of the present invention, provided is a 
semiconductor integrated circuit apparatus comprising an 
input-output circuit unit formed on a semiconductor chip so 
as to be connected to an external interface unit, Wherein: the 
input-output circuit unit includes a plurality of input-output 
circuit cells; each of the input-output circuit cells includes an 
input-output circuit having a signal terminal and an electric 
source terminal, and a plurality of input-output bumps 
connected to the signal and electric source terminals of the 
input-output circuit through Wirings; and layout is made on 
the semiconductor chip With each input-output circuit cell, 
as a unit, having the plurality of input-output bumps made 
to correspond to the input-output circuit. With such a con 
?guration, input-output circuits can be arranged arbitrarily 
on a semiconductor chip. 

[0013] In the above semiconductor integrated circuit appa 
ratus, preferably, the input-output circuit unit is disposed on 
tWo adjacent sides of the semiconductor chip so as to be 
L-shaped. In such a con?guration, propagation delay 
betWeen the external interface unit and the input-output 
circuits can be reduced to thereby reduce overhead on 
internal logic propagation delay. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a diagram for explaining the arrangement 
of units on a semiconductor chip in a semiconductor inte 
grated circuit apparatus according to an embodiment of the 
present invention; 

[0015] FIG. 2 is a diagram for explaining input-output 
circuit cells used in the semiconductor integrated circuit 
apparatus according to an embodiment of the present inven 
tion; 

[0016] FIG. 3 is a section taken along the line III-III in 
FIG. 2 and shoWing input-output circuit cells used in the 
semiconductor integrated circuit apparatus according to an 
embodiment of the present invention; 

[0017] FIG. 4 is a section taken along the line IV-IV in 
FIG. 2 and shoWing a plurality of input-output circuit cells 
used in the semiconductor integrated circuit apparatus 
according to an embodiment of the present invention; 

[0018] FIG. 5 is a section taken along the line V-V in FIG. 
2 and typically shoWing the electric source side Wiring 
connection structure of a plurality of input-output circuit 
cells used in the semiconductor integrated circuit apparatus 
according to an embodiment of the present invention; 

[0019] FIG. 6 is a diagram for explaining the positional 
relation betWeen input-output bumps and input-output cir 
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cuits in input-output circuit cells used in the semiconductor 
integrated circuit apparatus according to an embodiment of 
the present invention; 

[0020] FIG. 7 is a diagram for explaining an input-output 
circuit cell used in the semiconductor integrated circuit 
apparatus according to another embodiment of the present 
invention; 
[0021] FIG. 8 is a diagram for explaining the arrangement 
of units on a semiconductor chip in the semiconductor 
integrated circuit apparatus according to a further embodi 
ment of the present invention; and 

[0022] FIG. 9 is a diagram for explaining the arrangement 
of units on a semiconductor chip in the semiconductor 
integrated circuit apparatus according to a further embodi 
ment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] Referring to FIGS. 1 through 6, a semiconductor 
integrated circuit apparatus according to an embodiment of 
the present invention Will be described beloW. 

[0024] Referring ?rst to FIG. 1, the arrangement of units 
on a semiconductor chip in the semiconductor integrated 
circuit apparatus according to an embodiment of the present 
invention Will be described. 

[0025] FIG. 1 is a diagram for explaining the arrangement 
of units on a semiconductor chip in the semiconductor 
integrated circuit apparatus according to the embodiment of 
the present invention. 

[0026] Input-output circuit units 110 and 210 are arranged 
so as to be L-shaped on the tWo sides, that is, left and loWer 
sides of a semiconductor chip 1000 respectively. The input 
output circuit unit 110 is constituted by N input-output 
circuits 110-1, 110-2, 110-3, . . . , 110-N. Similarly, the 

input-output circuit unit 210 is constituted by N input-output 
circuits 210-1, 210-2, 210-3, . . . , 210-N. Each of the 

input-output circuits 110-1, 110-2, 110-3, . . . , 110-N and 

210-1, 210-2, 210-3, . . . , 210-N is an input circuit including 
an input buffer ampli?er or an output circuit including an 
output buffer ampli?er. The input circuit may include a 
bypass capacitor as a measure against electric source noise. 
The output circuit may include a termination resistor for 
making impedance matching With respective to an LSI 
external transmission system. 

[0027] An SPU (Second cash and Processor bus control 
Unit) 300 Which is an external interface unit is disposed at 
the left loWer corner of the semiconductor chip 1000, that is, 
in the nearest position to the input-output circuit units 110 
and 210 Which are arranged so as to be L-shaped. Because 
the SPU 300 is disposed near the input-output circuit units 
110 and 210, the distances betWeen the SPU 300 and the 
input-output circuit units 110 and 210 can be reduced. 
Accordingly, propagation delay can be reduced compared 
With the conventional system having input-output circuits 
arranged at the periphery of a semiconductor chip. 

[0028] An memory unit (MU) 400, an ?oating-point unit 
(FU) 500, a branch unit (BU) 600, etc. are arranged in the 
residual region of the semiconductor chip 1000. That is, the 
MU 400, the FU 500, the BU 600, etc. can be arranged 
collectively so as not to be separated by the input-output 
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circuit units 110 and 210. Accordingly, overhead on internal 
logic propagation delay can be reduced compared With the 
conventional system having stripe-like input-output circuits 
arranged in the inside of a semiconductor chip. 

[0029] Referring neXt to FIG. 2, input-output circuits 
constituting the input-output circuit units 110 and 210 Will 
be described. 

[0030] FIG. 2 is a diagram for explaining input-output 
circuit cells used in the semiconductor integrated circuit 
apparatus according to an embodiment of the present inven 
tion. 

[0031] FIG. 2 shoWs three input-output circuit cells 100-1, 
100-2 and 100-3. The input-output circuit cell 100-1 is 
constituted by the input-output circuit 110-1 shoWn in FIG. 
1, input-output bumps 120-1 and 122-1, and Wirings 132-1 
and 134-1 formed in a multilayer Wiring substrate. 

[0032] The sectional structure of the input-output circuit 
cell 100-1 Will be described later in detail With reference to 
FIGS. 3 through 5. Amultilayer Wiring substrate containing 
Wirings 132-1 and 134-1 formed therein is connected onto 
the input-output circuit 110-1. One end of the Wiring 132-1 
is connected to a signal terminal 112-1 formed in the 
input-output circuit 110-1. One end of the Wiring 132-2 is 
connected to an electric source terminal 114-1 formed in the 
input-output circuit 110-1. 

[0033] The input-output bumps 120-1 and 122-1 are 
formed on the multilayer Wiring substrate containing the 
Wirings 132-1 and 134-1 formed therein. The input-output 
bump 120-1 is connected to the other end of the Wiring 
132-1. The input-output bump 122-1 is connected to the 
other end of the Wiring 134-1. 

[0034] That is, the input-output bump 120-1 is connected, 
through the Wiring 132-1, to a signal terminal 112-1 formed 
in the input-output circuit 110-1, so that the input-output 
bump 120-1 serves as a signal bump. The input-output bump 
122-1 is connected, through the Wiring 134-1, to an electric 
source terminal 114-1 formed in the input-output circuit 
110-1, so that the input-output bump 122-1 serves as an 
electric source bump. 

[0035] Similarly, the input-output circuit cell 100-2 is 
constituted by the input-output circuit 110-2 shoWn in FIG. 
1, input-output bumps 120-2 and 122-2, and Wirings 132-2 
and 134-2 formed in the multilayer Wiring substrate. The 
input-output bump 120-2 is connected, through the Wiring 
132-2, to a signal terminal 112-2 formed in the input-output 
circuit 110-2 Whereas the input-output bump 122-2 is con 
nected, through the Wiring 134-2, to an electric source 
terminal 114-2 formed in the input-output circuit 110-2. 
Further, the input-output circuit cell 100-3 is constituted by 
the input-output circuit 110-3 shoWn in FIG. 1, input-output 
bumps 120-3 and 122-3, and Wirings 132-3 and 134-3 
formed in the multilayer Wiring substrate. The input-output 
bump 120-3 is connected, through the Wiring 132-3, to a 
signal terminal 112-3 formed in the input-output circuit 
110-3 Whereas the input-output bump 122-3 is connected, 
through the Wiring 134-3, to an electric source terminal 
114-3 formed in the input-output circuit 110-3. 

[0036] Referring neXt to FIG. 3, the sectional structure of 
the input-output circuit cell 110-1 Will be described. 
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[0037] FIG. 3 is a section taken along the line III-III in 
FIG. 2 and shoWing an input-output circuit cell used in the 
semiconductor integrated circuit apparatus according to an 
embodiment of the present invention. 

[0038] The input-output circuit cell 110-1 is formed in the 
inside of the semiconductor chip 1000. A multilayer Wiring 
substrate 130 is formed on the surface of the input-output 
circuit 110-1. The Wirings 132-1 and 134-1 are formed in the 
multilayer Wiring substrate 130. The Wiring 132-1 is formed 
in the multilayer Wiring substrate 130 so that one end of the 
Wiring 132-1 is connected to the signal terminal 112-1 of the 
input-output circuit 110-1. The Wiring 134-1 is also formed 
in the multilayer Wiring substrate 130 so that one end of the 
Wiring 134-1 is connected to the electric source terminal 
114-1 of the input-output circuit 110-1. The input-output 
bumps 120-1 and 122-1 are formed at the other ends of the 
Wirings 132-1 and 134-1 respectively. As described above, 
the input-output circuit cell 100-1 is constituted by the 
input-output circuit 110-1, the input-output bumps 120-1 
and 122-1, and the Wirings 132-1 and 134-1 formed in the 
multilayer Wiring substrate 130. 

[0039] The input-output bumps 120-1 and 122-1 are con 
nected to respective ends of Wirings 152-1 and 154-1 formed 
in a package substrate 150. The package substrate 150 is a 
multilayer Wiring substrate. The other ends of the Wirings 
152-1 and 154-1 are connected to input-output pins 160-1 
and 162-1 respectively. 

[0040] Referring neXt to FIG. 4, a sectional structure for 
the plurality of input-output circuit cells 110-1, 110-2 and 
110-3 Will be described beloW. 

[0041] FIG. 4 is a section taken along the line IV-IV in 
FIG. 2 and shoWing a plurality of input-output circuit cells 
used in the semiconductor integrated circuit apparatus 
according to one embodiment of the present invention. 

[0042] The input-output circuits 110-1, 110-2 and 110-3 
are formed in the inside of the semiconductor chip 1000 so 
as to be arranged at equal intervals. The multilayer Wiring 
substrate 130 is formed on the surface of the input-output 
circuits 110-1, 110-2 and 110-3. The Wirings 132-1, 132-2 
and 132-3 are formed in the multilayer Wiring substrate 130. 
The Wirings 132-1 and 134-1 are formed in the multilayer 
Wiring substrate 130. The Wiring 132-1 is formed in the 
multilayer Wiring substrate 130 so that one end of the Wiring 
132-1 is connected to the signal terminal 112-1 of the 
input-output circuit 110-1. The Wiring 132-2 is also formed 
in the multilayer Wiring substrate 130 so that one end of the 
Wiring 132-2 is connected to the signal terminal 112-2 of the 
input-output circuit 110-2. The Wiring 132-3 is further 
formed in the multilayer Wiring substrate 130 so that one end 
of the Wiring 132-3 is connected to the signal terminal 112-3 
of the input-output circuit 110-3. The input-output bumps 
120-1, 120-2 and 120-3 are formed at the other ends of the 
Wirings 132-1, 132-2 and 132-3 respectively. 

[0043] As described above, the input-output bumps 120-1, 
120-2 and 120-3 are located at the centers of the input-output 
circuits 110-1, 110-2 and 110-3 respectively, so that the 
positional relations betWeen the input-output circuits 110-1, 
110-2 and 110-3 and the input-output bumps 120-1, 120-2 
and 120-3 are made constant for every input-output circuit 
cell. Even in the case Where the signal terminals 112-1, 
112-2 and 112-3 are provided in different positions corre 
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spondingly to the input-output circuits 110-1, 110-2 and 
110-3 respectively, the positional relations betWeen the 
input-output circuits 110 and the input-output bumps 120 
can be made constant for every input-output circuit cell if the 
Wiring shapes of the Wirings 132-1, 132-2 and 132-3 inter 
posed betWeen the input-output circuits 110-1, 110-2 and 
110-3 and the input-output bumps 120-1, 120-2 and 120-3 
and disposed in the multilayer Wiring substrate 130 are 
suitably designed. 
[0044] The input-output bumps 120-1, 120-2 and 120-3 
are connected to the respective one ends of the Wirings 
152-1, 152-2 and 152-3 formed in the package substrate 150. 
The other ends of the Wirings 152-1, 152-2 and 152-3 
formed in the package substrate 150 are connected to 
input-output pins 160-1, 160-2 and 160-3 respectively. 
[0045] Referring neXt to FIG. 5, the electric source side 
Wiring connection structure for the plurality of input-output 
circuit cells 110-1, 110-2 and 110-2 Will be described. 

[0046] FIG. 5 is a section taken along the line V-V in FIG. 
2 and typically shoWing an electric source side Wiring 
connection structure for the plurality of input-output circuit 
cells used in the semiconductor integrated circuit apparatus 
according to one embodiment of the present invention. 

[0047] Though not clearly shoWn in the description of the 
input-output circuits 110-1, 110-2 and 110-3 in FIG. 2, three 
kinds of electric source terminals are formed in the input 
output circuits 110-1, 110-2 and 110-3 respectively. That is, 
the three kinds of electric source terminals are electric 
source terminals of the ground level V55, electric source 
terminals of the highest level VDD and electric source 
terminals of the intermediate level VTT betWeen the ground 
level VSS and the highest level VDD. The VSS electric source 
terminal, the VDD electric source terminal and the VTT 
electric source terminal are required to be supplied With 
different electric source voltages V55, VDD and VTT respec 
tively. Therefore, for example, the electric source voltage 
VDD supplied from the input-output bump 122-1 shoWn in 
FIG. 2 is distributed to the three input-output circuits 110-1, 
110-2 and 110-3. Similarly, the electric source voltage VSS 
supplied from the input-output bump 122-2 is distributed to 
the three input-output circuits 110-1, 110-2 and 110-3 and 
the electric source voltage VTT supplied from the input 
output bump 122-3 is distributed to the three input-output 
circuits 110-1, 110-2 and 110-3. 

[0048] FIG. 5 shoWs the aforementioned Wiring relations. 
That is, as shoWn in FIG. 4, the bump 120-1 is connected, 
through the Wiring 132-1, to the electric source terminal 
112-1 of the input-output circuit 110-1. Assuming noW that 
the electric source terminal 112-1 is a VDD electric source 
voltage, then the Wiring 132-1 is also connected to the VDD 
electric source terminals of the other input-output circuits 
110-2 and 110-3. Similarly, assuming noW that the electric 
source terminal 112-2 is a VSS electric source terminal, then 
the input-output bump 120-2 is connected, through the 
Wiring 132-2, to the electric source terminal 112-2 of the 
input-output circuit 110-2 and also to the VSS electric source 
terminals of the input-output circuits 110-1 and 110-3. 
Assuming further noW that the electric source terminal 112-3 
is a VTT electric source terminal, then the input-output bump 
120-3 is connected, through the Wiring 132-3, to the electric 
source terminal 112-3 of the input-output circuit 110-3 and 
also to the VTT electric source terminals of the input-output 
circuits 110-1 and 110-2. 

Sep. 20, 2001 

[0049] As described above, in this embodiment, the input 
output bumps 120-1, 122-1, 120-2, 122-2, 120-3 and 122-3 
are disposed in center positions in planes of projection of the 
input-output circuits 110-1, 110-2 and 110-3 respectively as 
shoWn in FIG. 2. Accordingly, the pitch interval L1 of the 
input-output bumps is equal to the pitch interval L2 of the 
input-output circuits. Aplurality of input-output bumps and 
a plurality of input-output circuits need be arranged collec 
tively in design of layout in the conventional method 
Whereas input-output circuits can be arranged independently 
in arbitrary positions in this embodiment. That is, in this 
embodiment, a bump and an input-output circuit are used in 
combination as a unit in design of layout, so that the 
arrangement of input-output bumps and the arrangement of 
input-output circuits in an LSI are made equivalent to each 
other. Accordingly, the arrangement of input-output bumps 
and the arrangement of input-output circuits in an LSI need 
not be considered independently. Because an LSI designer 
can consider only the arrangement of input-output circuit 
cells in necessary positions, the LSI designer can design the 
layout of the LSI easily. 

[0050] Further, because input-output circuits can be 
arranged in arbitrary positions, the input-output circuits 
110-1, . . . , 110-N, 210-1, 210-N can be arranged on the 

tWo sides of the semiconductor chip 1000 so as to be 
L-shaped as shoWn in FIG. 1. 

[0051] Accordingly, because the SPU 200 can be deposed 
in the nearest position to the input-output circuit units 110 
and 210 Which are arranged so as to be L-shaped, the 
distances betWeen the SPU 200 and the input-output circuit 
units 110 and 210 can be reduced. Accordingly, propagation 
delay can be reduced compared With the system having 
input-output circuits arranged in the periphery of a semi 
conductor chip. 

[0052] Further, When the MU 400, the PU 500, the BU 
600, etc. are arranged in the residual region of the semicon 
ductor chip 1000, these units can be arranged collectively so 
as not to be separated by the input-output circuit units 110 
and 210. Accordingly, overhead on internal logic propaga 
tion delay can be reduced compared With the system having 
stripe-like input-output circuits arranged in the inside of a 
semiconductor chip. 

[0053] When the pitch interval L1 of input-output bumps 
and the pitch interval L2 of input-output circuits are both 
selected to be 150 pm in this embodiment though the 
original pitch interval of input-output bumps is 300 pm, 
input-output pins as many as in the case Where input-output 
circuits are arranged on four corners of a semiconductor chip 
can be obtained. Further, When input-output circuits 
arranged in each of L-shaped sides are arranged not in one 
line as shoWn in FIG. 1 but in tWo parallel lines, the number 
of input-output pins can be doubled. 

[0054] The input-output bumps 120-1, 122-1, 120-2, 122 
2, 120-3 and 122-3 are connected to the signal terminals 
112-1, 112-2 and 112-3 and electric source terminals 114-1, 
114-2 and 114-3 of the input-output circuits 110-1, 110-2 and 
110-3 respectively and to the Wirings 132-1, 134-1, 132-2, 
134-2, 133-3 and 134-3 formed in the multilayer Wiring 
substrate. Accordingly, When the positions of the Wirings 
132-1, 134-1, 132-2, 134-2, 132-3 and 134-3 are changed, 
the input-output bumps 120-1, 122-1, 120-2, 122-2, 120-3 
and 122-3 can be arranged in center positions of the input 
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output circuits 110-1, 110-2 and 110-3 respectively regard 
less of the arrangement positions of the signal terminals 
112-1, 112-2 and 112-3 and electric source terminals 114-1, 
114-2 and 114-3 in the input-output circuits 110-1, 110-2 and 
110-3. 

[0055] Referring next to FIG. 6, the positional relation 
betWeen the input-output bumps 120 and the input-output 
circuits 110 Will be described from another point of vieW. 

[0056] FIG. 6 is a diagram for explaining the positional 
relation betWeen the input-output bumps and the input 
output circuits in input-output circuit cells used in the 
semiconductor integrated circuit apparatus according to an 
embodiment of the present invention. 

[0057] In this embodiment, a combination of tWo input 
output bumps has one-to-one correspondence With one 
input-output circuit so that the area occupied by tWo input 
output bumps is made equal to the area occupied by one 
input-output circuit. This point Will be described With ref 
erence to FIG. 6. 

[0058] The “area occupied by one input-output circuit” 
used herein means an area Which is occupied by a certain 
input-output circuit When the certain input-output circuit is 
disposed so as to be adjacent to another input-output circuit 
and a middle line betWeen the certain input-output circuit 
and the other input-output circuit is de?ned as a boundary 
therebetWeen. That is, since the input-output circuit 110-2 is 
adjacent to each of the input-output circuits 110-1 and 110-3 
as shoWn in FIG. 6, the broken line CL-1 expressing the 
middle line betWeen the input-output circuits 110-1 and 
110-2 is de?ned as a boundary therebetWeen and the broken 
line CL-2 expressing the middle line betWeen the input 
output circuits 110-3 and 110-2 is de?ned as a boundary 
therebetWeen. With respect to the left and right boundaries, 
the left and right ends of the input-output circuit 110-2 are 
de?ned as the boundaries. In this occasion, the area S1 of the 
hatched region is de?ned as the area occupied by the 
input-output circuit 110-2. 

[0059] On the other hand, the “area occupied by one 
input-output bump” used herein means the area Which is 
occupied by a certain input-output bump When the certain 
input-output bump is arranged so as to be adjacent to another 
input-output bump and the middle line betWeen the certain 
input-output bump and the other input-output bump is 
de?ned as a boundary therebetWeen. That is, since the 
input-output bump 120-3 is adjacent to the input-output 
bumps 120-2, 120-4 and 122-3 as shoWn in FIG. 6, the 
broken line CL-2 expressing the middle line betWeen the 
input-output bumps 120-2 and 120-3 is de?ned as a bound 
ary therebetWeen, the broken line CL-3 expressing the 
middle line betWeen the input-output bumps 120-3 and 
120-4 is de?ned as a boundary therebetWeen and the broken 
line CL-4 expressing the middle line betWeen the input 
output bumps 120-3 and 122-3 is de?ned as a boundary 
therebetWeen. With respect to the left boundary, the left end 
portion of the input-output circuit 110-2 is de?ned as a left 
boundary. In this occasion, the area S2 of the hatched region 
is de?ned as the area occupied by the input-output bump 
120-3. Similarly, the area S3 of the hatched region is de?ned 
as the area occupied by the input-output bump 122-3. The 
area occupied by the input-output bump 120-2 is equal to the 
area S2 Whereas the area occupied by the input-output bump 
122-3 is equal to the area S3. 
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[0060] Because a combination of tWo input-output bumps 
120-2 and 122-2 has one-to-one correspondence With one 
input-output circuit 110-2, the area (S2+S3) occupied by the 
tWo input-output bumps is made equal to the area S1 
occupied by the input-output circuit. 

[0061] In this embodiment, because a combination of 
input-output bumps are arranged so as to correspond to one 
input-output circuit so that the area occupied by the com 
bination of input-output bumps is made equal to the area 
occupied by the input-output circuit, individual input-output 
circuits can be arranged in arbitrary positions independently. 

[0062] Further, because the SPU can be disposed in the 
nearest position to the input-output circuit units Which are 
arranged so as to be L-shaped, propagation delay can be 
reduced compared With the system having input-output 
circuits arranged in the periphery of a semiconductor chip. 

[0063] Further, because the MU, the PU, the BU, etc. can 
be arranged collectively so as not to be separated by the 
input-output circuit units, overhead on internal logic propa 
gation delay can be reduced. 

[0064] Although the above description has been made 
about the case Where the input-output bumps 120-1, 120-2 
and 120-3 in the left roW shoWn in FIG. 2 are connected to 
signal terminals and the input-output bumps 122-1, 122-2 
and 122-3 in the right roW shoWn in FIG. 2 are connected 
to electric source terminals, the present invention may be 
applied also to the case Where the bumps are connected 
alternately to signal terminals and electric source terminals. 
That is, the input-output bumps 120-1, 122-2 and 120-3 may 
be connected to signal terminals and the input-output bumps 
122-1, 120-2 and 122-3 may be connected to electric source 
terminals. In such connecting relation, not only the distances 
betWeen the input-output bumps 120-1, 122-2 and 120-3 
connected to signal terminals can be increased but also 
relatively stable electric source lines are interposed betWeen 
the signal lines. Accordingly, the interference of signals With 
each other can be reduced. 

[0065] As described above, the arrangement of input 
output circuits and input-output bumps can be made in the 
same manner as in the ?oor plan of internal logic of an LSI, 
or the like. Accordingly, overhead on the input-output cir 
cuits is reduced, so that the ?oor plan to bring out the best 
performance of the LSI can be made. That is, improvement 
in the performance of the semiconductor integrated circuit 
apparatus can be attained effectively. 

[0066] In this embodiment, individual input-output cir 
cuits can be arranged in arbitrary positions respectively 
independently of each other. 

[0067] Further, because the SPU can be arranged in the 
nearest position to the input-output circuit units Which are 
arranged so as to be L-shaped, propagation delay can be 
reduced compared With the system having input-output 
circuits arranged on the periphery of a semiconductor chip. 

[0068] Further, because the MU, the PU, the BU, etc. can 
be arranged collectively so as not to be separated by the 
input-output circuit units, overhead on internal logic propa 
gation delay can be reduced. 

[0069] Referring next to FIG. 7, an input-output circuit 
cell according to another embodiment of the present inven 
tion Will be described. 
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[0070] FIG. 7 is a diagram for explaining an input-output 
circuit cell used in the semiconductor integrated circuit 
apparatus according to another embodiment of the present 
invention. 

[0071] The input-output circuit cell is con?gured so that 
four input-output bumps 180, 182, 184 and 186 correspond 
to one input-output circuit 170. The input-output bump 180 
is connected, through a Wiring 190 formed in a multilayer 
Wiring substrate, to a signal terminal 172 formed in the 
input-output circuit 170, so that the input-output bump 180 
serves as a signal bump. The input-output bump 182 is 
connected, through a Wiring 192, to a V electric source 
terminal 174 formed in the input-output circuit 170, so that 
the input-output bump 182 serves as a VDD electric source 
bump. The input-output bump 184 is connected, through a 
Wiring 194, to a VSS electric source terminal 176 formed in 
the input-output circuit 170, so that the input-output bump 
184 serves as a VSS electric source bump. The input-output 
bump 186 is connected, through a Wiring 196, to a VTT 
electric source terminal 178 formed in the input-output 
circuit 170, so that the input-output bump 186 serves as a 
VTT electric source bump. 

[0072] Accordingly, as described above With reference to 
FIG. 5, the Wiring for distributing an electric source from 
one electric source bump to electric source terminals of three 
input-output circuits becomes unnecessary. 

[0073] Referring next to FIG. 8, the arrangement of 
respective units on a semiconductor chip in the semicon 
ductor integrated circuit apparatus according to another 
embodiment of the present invention Will be described. 

[0074] FIG. 8 is a diagram for explaining the arrangement 
of units on a semiconductor chip in the semiconductor 
integrated circuit apparatus according to another embodi 
ment of the present invention. 

[0075] Input-output circuit units 110A and 210A are 
arranged on one left side and one loWer side, that is, tWo 
sides in total, of a semiconductor chip 1000A so as to be 
L-shaped. The input-output circuit unit 110A is constituted 
by a plurality of input-output circuits as shoWn in FIG. 1. 
Similarly, the input-output circuit unit 210A is constituted by 
a plurality of input-output circuits. A ?rst SPU 300A Which 
is an external interface unit is disposed at the left loWer 
corner of the semiconductor chip 1000A, that is, in the 
nearest position to the input-output circuit units 110A and 
210A Which are arranged so as to be L-shaped. Because the 
SPU 300A is arranged near the input-output circuit units 
110A and 210A, the distances betWeen the SPU 300A and 
the input-output circuit units 110A and 210A can be reduced. 
Accordingly, propagation delay can be reduced compared 
With the system having input-output circuits arranged on the 
periphery of a semiconductor chip. 

[0076] A memory unit (MU) 400A, a ?oating-point unit 
(FU) 500A, a branch unit (BU) 600A, etc. are arranged in the 
residual region of the semiconductor chip 1000A. In this 
occasion, the PU 500A and the BU 600A are connected to 
the SPU 300A. 

[0077] Because the MU 400A is, hoWever, disposed so as 
to be far from the SPU 300A, an SPU 310A is neWly 
disposed near the MU 400A. An input-output circuit 210B 
is arranged near the SPU 310A. Because the MU 400A can 
be designed so that the number of terminals for interface 
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connection to the outside reduced, the input-output circuit 
210B can be arranged in an arbitrary position as described 
above. 

[0078] In this embodiment, the input-output circuit cell 
constituted by the input-output circuits 110A, 210A and 
210B is con?gured as shoWn in FIGS. 2 to 4. Accordingly, 
individual input-output circuits can be arranged in arbitrary 
positions independently, so that the input-output circuit 
210B can be arranged neWly in an optimum position. 

[0079] Referring next to FIG. 9, a further embodiment of 
the present invention Will be described. 

[0080] An L-shaped input-output circuit unit 7 is arranged 
at an upper portion of the left side of a semiconductor chip 
6 and at a left portion of the upper side of the same chip 6. 
The input-output circuit unit 7 is constituted by a plurality of 
input-output circuit cells. An external interface unit 8 is 
arranged in a position near the input-output circuit unit 7 
Which is disposed so as to be L-shaped. Because the external 
interface unit 8 is arranged near the input-output circuit unit 
7, propagation delay can be reduced compared With the 
conventional system having input-output circuits arranged 
on the periphery of a semiconductor chip. 

[0081] Further, an input-output circuit unit 9 is arranged 
near the center portion of the semiconductor chip 6. An 
external interface unit 10 is arranged near the input-output 
circuit unit 9. As described above, such an input-output 
circuit unit can be disposed in an arbitrary position. 

[0082] According to the present invention, input-output 
circuits can be arranged arbitrarily on a semiconductor chip. 

[0083] Further, according to the present invention, propa 
gation delay betWeen an external interface unit and an 
input-output circuit in the semiconductor integrated circuit 
apparatus is small, so that overhead on internal logic propa 
gation delay can be reduced. 

We claim: 
1. A semiconductor integrated circuit apparatus to be 

formed on a semiconductor chip, comprising: 

a logical unit; 

a memory unit; 

an interface unit forming an interface betWeen said logical 
unit and memory unit, and an external unit; and 

an input/output circuit unit forming a buffer betWeen said 
interface unit and said semiconductor chip, Wherein 

said input/output circuit unit is disposed an With L-shaped 
form along tWo edges adjacent to said semiconductor, 
Wherein 

said interface unit is disposed adjacent to said input/ 
output circuit unit disposed With the L-shaped form; 
and Wherein 

said logical unit and said memory unit are disposed on a 
chip region other than a region on Which said input/ 
output circuit unit and said interface unit are disposed. 

2. A semiconductor integrated circuit apparatus according 
to claim 1, Wherein said input/output circuit unit includes a 
plurality of input/output circuits arranged in a roW. 

3. A semiconductor integrated circuit apparatus according 
to claim 2, Wherein said input/output circuit includes one of 
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an input circuit having an input buffer ampli?er and an 
output circuit having an output buffer ampli?er. 

4. A semiconductor integrated circuit apparatus according 
to claim 3, Wherein said input circuit includes a bypass 
capacitor used for a measure of poWer source noise. 

5. A semiconductor integrated circuit apparatus according 
to claim 3, Wherein said output circuit includes a terminating 
resistor used for impedance matching. 

6. A semiconductor integrated circuit apparatus according 
to claim 1, Wherein said input/output circuit unit disposed 
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With the L-shaped form is disposed on a part of each of said 
tWo edges of said semiconductor chip. 

7. A semiconductor integrated circuit apparatus according 
to claim 2, Wherein said input/output circuit unit disposed 
With the L-shaped form includes a plurality of roWs in 
parallel, each roW including said input/output circuit. 


