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SEMICONDUCTOR CHIP AND SEMICONDUCTOR PACKAGE 

BACKGROUND 

Field 

5 Embodiments 	described 	herein 	relate 	generally 	to 	a 

semiconductor chip and a semiconductor package. 

Background Art 

To input differential signals to pad electrodes disposed in 

10 an JO cell region of a semiconductor chip in a semiconductor 

package or output differential signals from the pad electrodes 

disposed in the JO cell region of the semiconductor chip in the 

semiconductor package, for example, an inverted signal and a 

non-inverted signal need to be input to or output from different 

15 pad electrodes in the IO cell region. 

If pad electrodes on a semiconductor chip for a pair of 

differential signals are connected to a semiconductor package 

substrate by bonding wires, 	lengths of wires for the inverted 

signal and the non-inverted signal from the pad electrodes on 

20 the semiconductor chip to package balls are differ from each 

other, 	and 	characteristics 	of 	the 	differential 	signals 	can 

deteriorate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 Fig. 	1 	is 	a 	top 	view 	showing 	an 	example 	of 	a 

configuration of a semiconductor package 100 according to a 

first embodiment; 

Fig. 	2 	is 	a 	top 	view 	showing 	an 	example 	of 	a 

configuration of a region "F" of the semiconductor package 100 

30 shown in Fig. 1; 

Fig. 3 is a top view showing an example of connections 

between a differential amplifying circuit and pad electrodes in 

each I0 cell region shown in Fig. 2; 

Fig. 4 is a circuit diagram showing an example of a circuit 

35 configuration 	of 	the 	first 	differential 	amplifying 	circuit 	"Al" 

shown in Fig. 3; 
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Fig. 	5 	is 	a 	top 	view 	showing 	an 	example 	of 	a 

configuration of metal layers and the pad electrodes in the I0 

cell regions shown in Fig. 2; 

Fig. 6 is a cross-sectional view of the arrangement shown 

5 	in Fig. 5 taken along the first line "Y1"; 

Fig. 7 is a cross-sectional view of the arrangement shown 

in Fig. 5 taken along the second line "Y2"; 

Fig. 	8 	is a top view showing 	another example of the 

configuration of the region "F" of the semiconductor package 

10 	100 shown in Fig. 1; 

Fig. 9 is a top view showing an example of connections 

between a differential amplifying circuit and pad electrodes in 

each JO cell region shown in Fig. 8; 

Fig. 	10 	is 	a 	top 	view 	showing 	an 	example 	of 	a 

15 	configuration of metal layers and the pad electrodes in the IO 

cell regions shown in Fig. 8; and 

Fig. 	11 	is 	a 	cross-sectional 	view 	of the 	arrangement 

shown in Fig. 10 taken along the second line "Y2". 

20 DETAILED DESCRIPTION 

A semiconductor package according to an 	embodiment 

includes a base substrate. 	The semiconductor package includes 

a semiconductor chip 	mounted on the 	base substrate. 	The 

25 	semiconductor chip includes a core region disposed in a center 

part 	of 	the 	semiconductor 	chip, 	an 	internal 	circuit 	being 

provided in the core region. 	The semiconductor chip includes a 

plurality of IO cell regions disposed in a line along a side of the 

semiconductor chip, a differential circuit being provided in each 

30 	of the 	plurality 	of I0 	cell 	regions. 	The 	semiconductor 	chip 

includes a non-inverting pad electrode disposed above each of 

the JO cell regions and electrically connected to a non-inverting 

terminal 	of 	the 	differential 	circuit. 	The 	semiconductor 	chip 

includes an inverting pad electrode disposed above each of the 

35 	TO cell regions and connected to an inverting terminal of the 

differential 	circuit. 	A 	first 	set 	of 	the 	non-inverting 	pad 
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electrode and the inverting pad electrode is disposed above a 

first JO cell region of the plurality of I0 cell 	regions, and the 

first 	set 	is 	disposed 	in 	a 	first 	line 	along 	the 	side 	of 	the 

semiconductor chip. 	A second 	set of the 	non-inverting 	pad 

5 electrode and the inverting pad electrode is disposed above a 

second I0 cell region of the plurality of JO cell regions, and the 

second set is disposed in a second line along the side of the 

semiconductor chip. 

A first set of a first non-inverting pad electrode and a 

10 first inverting 	pad 	electrode 	is disposed 	above a 	first JO 	cell 

region 	of the 	plurality of JO cell 	regions, and the first set is 

disposed so that the first non-inverting pad electrode and the 

first inverting pad electrode are disposed along a first line along 

the side of the semiconductor chip. 

15 A second set of a second non-inverting pad electrode and 

a second inverting pad electrode is disposed above a second JO 

cell region of the plurality of JO cell regions, and the second set 

is disposed so that the second non-inverting pad electrode and 

the second inverting pad electrode are disposed along a second 

20 line along the side of the semiconductor chip. 

In 	the 	following, 	embodiments 	will 	be 	described 	with 

reference to the drawings. 

25 (First Embodiment) 

Fig. 	1 	is 	a 	top 	view 	showing 	an 	example 	of 	a 

configuration of a semiconductor package 100 according to a 

	

first embodiment. 	Fig. 2 is a top view showing an example of a 

configuration of a region "F" of the semiconductor package 100 

30 shown in Fig. 	1. 	Fig. 3 is a top view showing an example of 

connections between 	a 	differential amplifying 	circuit and 	pad 

electrodes in each JO cell region shown in Fig. 2. 

In 	Fig. 	1, 	illustration of a sealing 	resin, 	pad electrodes, 

bonding wires and bonding fingers is omitted. 

35 As 	shown 	in 	Fig. 	1, 	the 	semiconductor 	package 	100 

includes a semiconductor chip 1 and a base substrate 2. 
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The base substrate 2 is made of an insulating material 

and 	is configured 	so that the semiconductor chip 	1 	can 	be 

mounted on an upper surface of the base substrate 2. 	On the 

base substrate 2, the semiconductor chip 	1 	is sealed 	with 	a 

5 sealing 	resin 	(not 	shown). 	A 	solder 	ball 	(not 	shown) 	that 

serves as an external terminal of the semiconductor package 

100 is disposed on a lower surface of the base substrate 2. 

The 	solder 	ball 	is 	electrically 	connected 	to 	a 	bonding 

finger described later (not shown) by internal wiring provided in 

10 the base substrate 2 and substrate wiring provided on a surface 

of the base substrate 2, for example. 

The semiconductor chip 1 is mounted on a center part of 

the base substrate 2. 	The semiconductor chip 1 is bonded to 

the base substrate 2 by a resin or the like. 

15 As shown in 	Figs. 	1 and 2, the semiconductor chip 1 

includes a core region "lx", a plurality of JO cell regions (a first 

I0 cell region "I01", a second JO cell region "IO2" and a third 

I0 	cell 	region 	"I03"), 	non-inverting 	pad 	electrodes 	(a 	first 

non-inverting pad electrode "P1", a second 	non-inverting pad 

20 electrode "P2" and 	a 	third 	non-inverting 	pad 	electrode "P3"), 

and 	inverting 	pad 	electrodes 	(a 	first 	inverting 	pad 	electrode 

"Ni", 	a 	second 	inverting 	pad 	electrode 	"N2" 	and 	a 	third 

inverting pad electrode "N3"), for example. 	The core region 

25 

"lx" is arranged in a center part of the semiconductor chip 1, 

and an internal circuit is provided in the core region "lx" (Fig. 

1). 

The plurality of JO cell 	regions 	(the first JO cell 	region 

1101", 	the second 	I0 	cell 	region 	"102" 	and 	the third 	JO 	cell 

region "103") are arranged in a periphery of the core region 

30 "lx" in a line along a side "la" of the semiconductor chip 1 (Figs. 

1 and 2). 

For example, the second JO cell region "IO2" is adjacent 

to the first JO cell region "I01" and separated from the first JO 

cell region "101" by a boundary "Z1", as shown in Fig. 2. 

35 The third I0 cell region "I03" is adjacent to the second 

JO 	cell 	region 	"102" 	and 	separated 	from 	the 	second 	JO 	cell 
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region 102" by a boundary "Z2". 

As described later, the plurality of JO cell regions 101", 

102" and 103" are each provided with a differential amplifying 

circuit 	(differential 	circuit) 	(Fig. 	3). 	The 	plurality 	of 	JO 	cell 

5 regions 	101", 	102" 	and 	103" 	have 	a 	similar 	circuit 

configuration 	including 	the 	differential 	amplifying 	circuit. 	The 

term "similar" used herein means that the JO cell regions have 

the same circuit configuration except for the configuration of the 

wiring layer. 

10 As shown in Fig. 2, a plurality of bonding fingers (a first 

finger "Pix", 	a 	second 	finger 	"Nix", 	a 	third 	finger 	"P2x", 	a 

fourth finger "N2x", a fifth finger "P3x" and a sixth finger "N3x") 

are provided on the base substrate 2. 	The plurality of bonding 

fingers 	are 	electrodes 	made 	of 	a 	metal. 	The 	plurality 	of 

15 bonding 	fingers 	are 	arranged 	on 	the 	base 	substrate 	2 	to 

surround 	the 	region 	in 	which 	the 	semiconductor 	chip 	1 	is 

mounted. 

In 	particular, 	the 	first 	finger 	"Plx", 	the 	second 	finger 

"Nix", 	the 	fifth 	finger 	"P3x" 	and 	the 	sixth 	finger 	"N3x" 	are 

20 arranged on the base substrate 2 in a line (on a line "Gi") along 

the side "la" of the semiconductor chip 1. 

The third finger "P2x" and the fourth 	finger "N2x" are 

arranged on the base substrate 2 in a line (on a line "G2", which 

is 	different 	from 	the 	line 	"Gi") 	along 	the 	side 	"la" 	of 	the 

25 semiconductor chip 1. 

As shown in Fig. 2, the line "Gl" is closer to the side "la" 

of the semiconductor chip 1 than the line "G2". 

As shown in Fig. 2, sets of a non-inverting pad electrode 

and 	an 	inverting 	pad 	electrode 	(a 	first 	set 	of 	the 	first 

30 non-inverting 	pad 	electrode 	"P1" 	and 	the 	first 	inverting 	pad 

electrode "Ni", a second set of the second non-inverting pad 

electrode "P2" and the second inverting pad electrode "N2", a 

third set of the third non-inverting pad electrode "P3" and the 

third 	inverting 	pad 	electrode "N3") are 	arranged 	in two 	lines 

35 ("Yl" and "Y2") along the side "la" of the semiconductor chip 1. 

In 	particular, the first set of the first non-inverting 	pad 
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electrode 	"P1" 	and 	the 	first 	inverting 	pad 	electrode 	"Ni" 	is 

disposed on the first line "Y1" of the two lines, which is closer to 

the outer periphery of the semiconductor chip 1. 	The second 

set of the 	second 	non-inverting 	pad 	electrode 	"P2" 	and the 

5 second inverting pad electrode "N2" is disposed on the second 

line "Y2" of the two lines, which is closer to the center of the 

semiconductor chip 1. 	The third set of the third non-inverting 

pad electrode "P3" and the third inverting pad electrode "N3" is 

disposed on the first line "Yl" of the two lines, which is closer to 

10 the outer periphery of the semiconductor chip 1. 

The first inverting 	pad electrode "Ni" and the second 

non-inverting pad electrode "P2" are arranged side by side in a 

direction 	perpendicular to the side "la" of the semiconductor 

chip 1. 	More specifically, the first inverting pad electrode "Ni"" 

15 and the second non-inverting pad electrode "P2" are arranged 

on the boundary "Z1" between the first JO cell region "I01" and 

the second JO cell region "102". 

The second inverting pad electrode "N2" and the third 

non-inverting pad electrode "P3" are arranged side by side in 

20 the 	direction 	perpendicular 	to 	the 	side 	"ia" 	of 	the 

semiconductor chip 	1. 	More specifically, the second inverting 

pad electrode "N2" and the third 	non-inverting 	pad electrode 

"P3" are arranged on the boundary "Z2" between the second JO 

cell region "102" and the third JO cell region "103". 

25 As 	shown 	in 	Fig. 	2, 	the 	semiconductor package 	100 

includes a plurality of bonding wires (a first wire "Wi", a second 

wire "W2", a third wire "W3", a fourth wire "W4", a fifth wire 

"W5" and a sixth wire "W6"). 

The 	first 	wire 	"Wl" 	electrically 	connects 	the 	first 

30 non-inverting 	pad electrode "P1" of the first set and the first 

finger "Pix" provided on the base substrate 2 to each other. 

The 	second 	wire 	"W2" 	electrically 	connects 	the 	first 

inverting 	pad 	electrode "Ni" 	of the first set and the second 

finger "Nlx" provided on the base substrate 2 to each other. 

35 The length of the first wire "Wl" is equal to the length of 

the 	second 	wire 	"W2". 	In 	other 	words, 	the 	wiring 	length 
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between the first non-inverting pad electrode "Pl" and the first 

finger "Pix" 	is 	equal 	to 	the 	wiring 	length 	between 	the first 

inverting pad electrode "Ni" and the second finger "Nix". 

The 	third 	wire 	"W3" 	electrically 	connects 	the 	second 

5 	non-inverting pad electrode "P2" of the second set and the third 

finger "P2x" provided on the base substrate 2 to each other. 

The fourth 	wire 	"W4" 	electrically 	connects the 	second 

inverting pad electrode "N2" of the second set and the fourth 

finger "N2x" provided on the base substrate 2 to each other. 

10 The length of the third wire "W3" is equal to the length of 

the 	fourth 	wire 	"W4". 	In 	other 	words, 	the 	wiring 	length 

between the second non-inverting pad electrode "P2" and the 

third 	finger "P2x" 	is equal 	to the wiring 	length 	between 	the 

second inverting pad electrode "N2" and the fourth finger "N2x". 

15 The 	fifth 	wire 	"W5" 	electrically 	connects 	the 	third 

non-inverting pad electrode "P3" of the third set and the fifth 

finger "P3x" provided on the base substrate 2 to each other. 

The 	sixth 	wire 	"W6" 	electrically 	connects 	the 	third 

inverting pad electrode "N3" of the third set and the sixth finger 

20 	"N3x" provided on the base substrate 2 to each other. 

The length of the fifth wire "W5" is equal to the length of 

the sixth wire "W6". 	In other words, the wiring length between 

the third non-inverting pad electrode "P3" and the fifth finger 

"P3x" is equal to the wiring length between the third inverting 

25 	pad electrode "N3" and the sixth finger "N3x". 

As described above, the lengths of the wires from the 

non-inverting 	pad 	electrode 	and 	inverting 	pad 	electrode 

connected 	to 	one 	differential 	amplifying 	circuit 	of 	the 

semiconductor chip 1 to the bonding fingers are equal. 

30 As shown 	in 	Fig. 	3, a 	first differential amplifying 	circuit 

"Al" 	is provided 	in the first I0 cell 	region 	"I01". 	A second 

differential amplifying circuit "A2" is provided in the second JO 

cell 	region 	"IO2", which 	is adjacent to the first JO cell 	region 

"101". 	A third differential amplifying circuit "A3" is provided in 

35 	the third JO cell region "103", which is adjacent to the second 

JO cell region "102". 
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The 	first 	inverting 	pad 	electrode 	"Ni" 	is 	electrically 

connected to an inverting output terminal (inverting terminal) of 

the first differential amplifying circuit "Al" provided in the first 

IO cell region "101". 

5 The first non-inverting 	pad 	electrode "P1" 	is electrically 

connected 	to 	a 	non-inverting 	output 	terminal 	(non-inverting 

terminal) of the first differential amplifying circuit "Al" provided 

in the first IO cell region "101". 

The 	second 	inverting 	pad 	electrode 	"N2" 	is electrically 

10 connected to an inverting output terminal (inverting terminal) of 

the second differential amplifying circuit "A2" 	provided 	in the 

second JO cell region "102". 

	

The 	second 	non-inverting 	pad 	electrode 	"P2" 	is 

	

electrically 	connected 	to 	a 	non-inverting 	output 	terminal 

15 (non-inverting 	terminal) 	of the 	second 	differential 	amplifying 

circuit "A2" provided in the second JO cell region "102". 

The 	third 	inverting 	pad 	electrode 	"N3" 	is 	electrically 

connected to an inverting output terminal (inverting terminal) of 

the third differential amplifying circuit "A3" provided in the third 

20 IO cell region "103". 

The third non-inverting pad electrode "P3" is electrically 

connected 	to 	a 	non-inverting 	output 	terminal 	(non-inverting 

terminal) 	of 	the 	third 	differential 	amplifying 	circuit 	"A3" 

provided in the third JO cell region "103". 

25 As described above, differential signals output from the 

differential amplifying circuits are supplied to the inverting pad 

electrodes 	and 	the 	non-inverting 	pad 	electrodes. 	And, 	as 

described above, the lengths of the wires from the non-inverting 

pad 	electrode and 	inverting 	pad electrode connected to one 

30 differential amplifying circuit of the semiconductor chip 1 to the 

bonding fingers are equal. 

Therefore, 	characteristics 	of 	the 	differential 	signals 	of 	the 

differential amplifying circuits can be improved. 

The example shown in Fig. 3 described above concerns a 

35 circuit configuration in which the differential amplifying circuits 

provide differential outputs. 	However, a circuit configuration in 
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which 	the 	differential 	amplifying 	circuits 	receive 	differential 

inputs 	is 	also 	possible. 	In 	that 	case, 	the 	inverting 	input 

terminals 	(inverting 	terminals) 	of 	the 	differential 	amplifying 

circuits are connected to the inverting pad electrodes, and the 

5 non-inverting 	input terminals 	(non-inverting 	terminals) 	of the 

differential 	amplifying 	circuits 	are 	connected 	to 	the 

non-inverting pad electrodes. 

Fig. 4 is a circuit diagram showing an example of a circuit 

configuration 	of 	the 	first 	differential 	amplifying 	circuit 	"Al" 

10 shown in Fig. 3. 

As shown in Fig. 4, the first differential amplifying circuit 

"Al" 	includes a first resistor "Rl", a 	second 	resistor "R2", a 

third resistor "R3", a first nMOS transistor "Ti", a second nMOS 

transistor "T2" and an inverter "IN", for example. 

15 The first resistor "Rl" is connected to a power supply at 

one end thereof and to the first non-inverting pad electrode 

"P1" at another end thereof. 

The first nMOS transistor "Tl" is connected to the first 

non-inverting pad electrode "P1" at a drain thereof. 

20 The inverter "IN" is connected to an input terminal "TIN" 

at an input thereof and to a gate of the first nMOS transistor 

"Ti" at an output thereof. 	The input terminal "TIN" of the first 

differential amplifying circuit "Al" is electrically connected to an 

output of a logic circuit of the core region "lx". 

25 

	

The 	second 	resistor 	"R2" 	is 	connected 	to 	the 	power 

supply 	at 	one 	end 	thereof 	and 	to 	the 	first 	inverting 	pad 

electrode "Ni" at another end thereof. 

The second nMOS transistor "T2" is connected to the first 

inverting pad electrode "Ni" at a drain thereof. 

30 The third resistor "R3" is connected to sources of the first 

nMOS transistor "Ti" and the second nMOS transistor "T2" at 

one end thereof and to a ground at another end thereof. 

Although 	Fig. 	4 	shows 	an 	example 	of 	the 	circuit 

configuration of the first differential amplifying circuit "Al", the 

35 differential 	amplifying 	circuits 	in 	the 	other 	IO 	cell 	regions, 

including 	the 	second 	and 	third 	differential 	amplifying 	circuits 
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"A2" and "A3", have the same circuit configuration. 

Fig. 	5 	is 	a 	top 	view 	showing 	an 	example 	of 	a 

configuration of metal layers and the pad electrodes in the JO 

cell regions shown in Fig. 2. 	Fig. 6 is a cross-sectional view of 

5 the arrangement shown in Fig. 5 taken along the first line "Yr. 

Fig. 7 is a cross-sectional view of the arrangement shown in Fig. 

5 taken along the second line "Y2". 	For the sake of simplicity, 

Fig. 5 does not show vias shown in Figs. 6 and 7. 	In Figs. 6 

and 7, illustration of an insulating layer is omitted. 

10 As 	shown 	in 	Figs. 	5 	to 	7, 	the 	semiconductor 	chip 	1 

includes first metal layer parts "MP1", "MP2" and "MP3", second 

metal layer parts "MN1", "MN2" and "MN3", and vias "BP1a", 

"BP1b", 	"BP2a", 	"BP2b", 	"BP3a", 	"BP3b", 	"BNla", 	"BN1b", 

"BN2a", "BN2b", "BN3a" and "BN3b". 

15 As shown in Figs. 6 and 7, the first to third non-inverting 

pad electrodes "P1", "P2" and "P3" are disposed above the first 

to third 	JO 	cell 	regions 	"I01", 	"IO2" 	and 	"I03", 	respectively. 

The first to third inverting pad electrodes "Ni", "N2" and "N3" 

are disposed above the first to third JO cell regions "I01", "IO2" 

20 and "103", respectively. 

As shown in Figs. 5 to 7, the first metal layer part "MPl" 

is disposed between the first JO cell region "I01" and the first 

non-inverting 	pad 	electrode "P1". 	The first metal 	layer part 

"MPl" 	extends 	above 	the 	first 	JO 	cell 	region 	"101" 	in 	the 

25 direction 	perpendicular to the side "la" of the semiconductor 

chip 1 (Fig. 5). 

The first metal layer part "MPl" electrically connects the 

non-inverting output terminal of the first differential amplifying 

circuit "Al" and the first non-inverting 	pad electrode 	"P1" to 

30 each other through the vias "BPla" and "BP1b". 

The second metal layer part "MN1" is disposed between 

the 	first 	JO 	cell 	region 	"101" 	and 	the 	first 	inverting 	pad 

electrode "Ni". 	The second metal layer part "MN1" extends 

above 	the 	first 	JO 	cell 	region 	"101" 	in 	the 	direction 

35 perpendicular to the side "la" of the semiconductor chip 1 (Fig. 

5). 
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The second metal layer part "MN1" electrically connects 

the inverting output terminal of the first differential amplifying 

circuit "Al" and the first inverting pad 	electrode ""Ni" to each 

other through the vias "BNla" and "BN1b". 

5 As shown in Figs. 5 to 7, the first metal layer part "MP2" 

is disposed between the second JO cell region "102" and the 

second non-inverting pad electrode "P2". 	The first metal layer 

part "MP2" extends above the second JO cell region "102" in the 

direction perpendicular to the side "la" of the semiconductor 

10 chip 1 (Fig. 5). 

The first metal layer part "MP2" electrically connects the 

non-inverting 	output 	terminal 	of 	the 	second 	differential 

amplifying 	circuit 	"A2" 	and 	the 	second 	non-inverting 	pad 

electrode 	"P2" 	to 	each 	other 	through 	the 	vias 	"BP2a" 	and 

15 "BP2b". 

The second metal layer part "MN2" is disposed between 

the second ID cell region "102" and the second inverting pad 

electrode "N2". 	The second metal layer part "MN2" extends 

above 	the 	second 	JO 	cell 	region 	"102" 	in 	the 	direction 

20 perpendicular to the side "la" of the semiconductor chip 1 (Fig. 

5). 

The second metal layer part "MN2" electrically connects 

the 	inverting 	output 	terminal 	of 	the 	second 	differential 

amplifying circuit "A2" and the second inverting pad electrode 

25 "N2" to each other through the vias "BN2a" and "BN2b". 

As shown in Figs. 5 to 7, the first metal layer part "MP3" 

is disposed between the third JO cell region "103" and the third 

non-inverting 	pad 	electrode 	"P3". 	The first 	metal 	layer part 

"MP3" 	extends 	above 	the 	third 	I0 	cell 	region 	"I03" 	in 	the 

30 direction 	perpendicular to the side "la" of the semiconductor 

chip 1 (Fig. 5). 

The first metal layer part "MP3" electrically connects the 

non-inverting output terminal of the third differential amplifying 

circuit "A3" and the third non-inverting pad electrode "P3" to 

35 each other through the vias "BP3a" and "BP3b". 

The second metal layer part "MN3" is disposed between 
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the 	third 	JO 	cell 	region 	"I03" 	and 	the 	third 	inverting 	pad 

electrode "N3". 	The second metal layer part "MN3" extends 

above 	the 	third 	JO 	cell 	region 	"I03" 	in 	the 	direction 

perpendicular to the side "la" of the semiconductor chip 1 (Fig. 

5 5). 

The second metal layer part "MN3" electrically connects 

the inverting output terminal of the third differential amplifying 

circuit "A3" and the third inverting pad electrode "N3" to each 

other through the vias "BN3a" and "BN3b". 

10 As shown in Fig. 5, the length of the first metal layer 

parts "MP1", "MP2" and "MP3" in the direction perpendicular to 

the side "la" of the semiconductor chip 1 is equal to the length 

of the second metal layer parts "MN1", "MN2" and "MN3" in the 

direction 	perpendicular to the side "la" of the semiconductor 

15 chip 1, for example. 

In the arrangement of the metal layer parts shown in Figs. 

5 to 7, for example, the pad electrodes can be arranged in two 

lines along a side of the semiconductor chip. 

As described above, since the lengths of the wires from 

20 the 	non-inverting 	pad 	electrode 	and 	inverting 	pad 	electrode 

connected 	to 	one 	differential 	amplifying 	circuit 	of 	the 

semiconductor 	chip 	1 	to 	the 	bonding 	fingers 	are 	equal, 

characteristics 	of 	the 	differential 	signals 	of 	the 	differential 

amplifying circuits can be improved. 

25 That 	is, 	the 	semiconductor 	chip 	according 	to 	this 

embodiment 	can 	improve 	characteristics 	of 	the 	differential 

signals. 

(Second Embodiment) 

30 Fig. 	8 	is a top view showing 	another example of the 

configuration of the region "F" of the semiconductor package 

100 shown in Fig. 1. 	Fig. 9 is a top view showing an example 

of connections between a differential amplifying circuit and pad 

electrodes in each I0 cell region shown in Fig. 8. 

35 As shown in Fig. 8, sets of a non-inverting pad electrode 

and 	an 	inverting 	pad 	electrode 	(the 	first 	set 	of 	the 	first 



13 

non-inverting 	pad 	electrode 	"P1" 	and 	the 	first 	inverting 	pad 

electrode 	"Ni", a 	second set of a 	second 	non-inverting 	pad 

electrode "P2" and a second inverting pad electrode "N2", the 

third set of the third non-inverting pad electrode "P3" and the 

5 third 	inverting 	pad electrode "N3") are arranged 	in two lines 

("Y1" and "Y2") along the side "la" of the semiconductor chip 1. 

	

In 	particular, the first set of the first non-inverting pad 

	

electrode 	"P1" 	and 	the 	first 	inverting 	pad 	electrode 	"Ni" 	is 

disposed on the first line "Yr of the two lines, which is closer to 

10 the outer periphery of the semiconductor chip 1. 	The second 

set of the second 	non-inverting 	pad 	electrode 	"P2" 	and 	the 

second inverting pad electrode "N2" is disposed on the second 

line "Y2" of the two lines, which is closer to the center of the 

semiconductor chip 1. 	The third set of the third non-inverting 

15 pad electrode "P3" and the third inverting pad electrode "N3" is 

disposed on the first line "Yr of the two lines, which is closer to 

the outer periphery of the semiconductor chip 1. 

The second non-inverting pad electrode "P2" is arranged 

between 	the 	boundary "Z1" 	between 	the first I0 cell 	region 

20 "I01" and the second JO cell region "IO2" and the boundary 

"Z2" between the second JO cell region "IO2" and the third JO 

cell region "103". 

The 	second 	inverting 	pad 	electrode 	"N2" 	is 	arranged 

between the boundary "Z2" between the second JO cell region 

25 "102" and the third I0 cell region "I03" and a boundary "Z3" 

between 	the 	third 	JO 	cell 	region 	"I03" 	and 	another 	JO 	cell 

region. 

As shown in Figs. 8 and 9, the second non-inverting pad 

electrode "P2" includes an extension part "P2b", which extends 

30 from 	a 	rectangular 	main 	body 	part 	thereof. 	The 	second 

inverting pad electrode "N2" includes an extension part "N2b", 

which extends from a rectangular main body part thereof. 

That is, the second 	embodiment differs from 	the first 

embodiment 	in 	configuration 	and 	position 	of 	the 	second 

35 non-inverting pad electrode "P2" and the second inverting pad 

electrode "N2". 
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As 	shown 	in 	Fig. 	9, 	the 	second 	differential 	amplifying 

circuit "A2" is provided in the second JO cell region "IO2", which 

is adjacent to the first JO cell region "I01". 

The extension 	part "N2b" of the second 	inverting 	pad 

5 electrode "N2" is electrically connected to the inverting output 

terminal 	(inverting 	terminal) 	of 	the 	second 	differential 

amplifying 	circuit "A2" 	provided 	in the second 	JO cell 	region 

"102". 

The extension part "P2b" of the second non-inverting pad 

10 electrode 	"P2" 	is 	electrically 	connected 	to 	the 	non-inverting 

output 	terminal 	(non-inverting 	terminal) 	of 	the 	second 

differential amplifying circuit "A2" provided in the second JO cell 

region "102". 

As 	in 	the 	first embodiment, 	differential 	signals 	output 

15 from 	the 	differential 	amplifying 	circuits 	are 	supplied 	to 	the 

inverting pad electrodes and the non-inverting pad electrodes. 

In addition, as described above, the lengths of the wires from 

the 	non-inverting 	pad 	electrode 	and 	inverting 	pad 	electrode 

connected 	to 	one 	differential 	amplifying 	circuit 	of 	the 

20 semiconductor 	chip 	1 	to 	the 	bonding 	fingers 	are 	equal. 

Therefore, 	characteristics 	of 	the 	differential 	signals 	of 	the 

differential amplifying circuits can be improved. 

As 	described 	above, 	the 	example 	shown 	in 	Fig. 	9 

concerns 	a 	circuit 	configuration 	in 	which 	the 	differential 

25 amplifying 	circuits 	provide 	differential 	outputs. 	However, 	a 

circuit configuration in which the differential amplifying circuits 

receive differential 	inputs 	is also 	possible. 	In that case, the 

inverting input terminals (inverting terminals) of the differential 

amplifying circuits are connected to the inverting pad electrodes, 

30 and the non-inverting input terminals (non-inverting terminals) 

of 	the 	differential 	amplifying 	circuits 	are 	connected 	to 	the 

non-inverting pad electrodes. 

Fig. 	10 	is 	a 	top 	view 	showing 	an 	example 	of 	a 

configuration of metal layers and the pad electrodes in the JO 

35 cell regions shown in Fig. 8. 	Fig. 11 is a cross-sectional view of 

the arrangement shown in Fig. 10 taken along the second line 
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"Y2". 	The cross section of the arrangement taken along the 

first line "Yl" in Fig. 10 is the same as the cross section shown 

in Fig. 6 described above. 	For the sake of simplicity, 	Fig. 	10 

does 	not show 	vias. 	In 	Fig. 	11, 	illustration 	of an 	insulating 

5 layer is omitted. 

10 

As shown in Figs.6, 10 and 11, the semiconductor chip 1 

includes first metal layer parts "MP1", "MP2" and "MP3", second 

metal layer parts "MN1", "MN2" and "MN3", and vias "BPla", 

"BP1b", 	"BP2a", 	"BP2b", 	"BP3a", 	"BP3b", 	"BN1a", 	"BN1b", 

"BN2a", "BN2b", "BN3a" and "BN3b". 

15 

	

As 	shown 	in 	Figs. 	6, 	10 	and 	11, 	the 	first 	to 	third 

non-inverting pad electrodes "P1", "P2" and "P3" are disposed 

above the first to third JO cell regions "101", "IO2" and "I03", 

respectively. 	The first to third 	inverting 	pad electrodes "Ni", 

"N2" 	and 	"N3" 	are disposed 	above the first to third 	JO cell 

regions "I01", "IO2" and "103", respectively. 

As shown in Figs. 	10 and 	11, the first metal layer part 

"MP2" is disposed between the second JO cell region "IO2" and 

the second non-inverting pad electrode "P2" (the extension part 

20 "P2b"). 	The first metal layer part "MP2" extends above the 

second JO cell region "102" in the direction perpendicular to the 

side "la" of the semiconductor chip 1 (Fig. 10). 

The first metal layer part "MP2" electrically connects the 

non-inverting 	output 	terminal 	of 	the 	second 	differential 

25 amplifying 	circuit 	"A2" 	and 	the 	extension 	part 	"P2b" 	of the 

second non-inverting pad electrode "P2" to each other through 

the vias "BP2a" and "BP2b".  

The second metal layer part "MN2" is disposed between 

the second JO cell region "IO2" and the second inverting pad 

30 electrode "N2" (the extension "N2b"). 	The second metal layer 

part "MN2" extends above the second JO cell region "102" in the 

direction 	perpendicular to the side "la" of the semiconductor 

chip 1 (Fig. 10). 

The second metal layer part "MN2" electrically connects 

35 the 	inverting 	output 	terminal 	of 	the 	second 	differential 

amplifying 	circuit 	"A2" 	and 	the 	extension 	part 	"N2b" 	of the 
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second inverting pad electrode "N2" to each other through the 

vias "BN2a" and "BN2b". 

The remainder of the configuration is the same as that 

according to the first embodiment. 	That is, since the lengths of 

5 	the wires from the non-inverting 	pad 	electrode and inverting 

pad electrode connected to one differential amplifying circuit of 

the 	semiconductor chip 	1 	to 	the 	bonding 	fingers 	are 	equal, 

characteristics 	of 	the 	differential 	signals 	of 	the 	differential 

amplifying circuits can be improved. 

10 As described above, the semiconductor chip according to 

this embodiment can improve characteristics of the differential 

signals, as with the semiconductor chip according to the first 

embodiment. 

15 While certain embodiments have been described, these 

embodiments have been presented by way of example only, and 

are not intended to limit the scope of the inventions. 	Indeed, 

the 	novel 	methods 	and 	systems 	described 	herein 	may 	be 

embodied 	in 	a 	variety of other forms; 	furthermore, 	various 

20 	omissions, 	substitutions 	and 	changes 	in 	the 	form 	of 	the 

methods and systems described herein may be made without 

departing from the spirit of the inventions. 	The accompanying 

claims and their equivalents are intended to cover such forms or 

modifications as would 	fall within 	the 	scope and 	spirit of the 

25 	inventions. 
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What is claimed is: 

1. A semiconductor package, comprising: 

a base substrate; and 

a semiconductor chip mounted on the base substrate, 

wherein the semiconductor chip comprises: 

	

a 	plurality of IO cell 	regions disposed 	in a line along a 

side 	of 	the 	semiconductor 	chip, 	a 	differential 	circuit 	being 

provided in each of the plurality of IO cell regions; 

a non-inverting pad electrode disposed above each of the 

IO 	cell 	regions 	and 	electrically connected 	to 	a 	non-inverting 

terminal of the differential circuit; and 

an inverting pad electrode disposed above each of the IO 

cell 	regions 	and 	connected 	to 	an 	inverting 	terminal 	of the 

differential circuit, and 

wherein a first set of a first non-inverting pad electrode 

and a first inverting pad electrode is disposed above a first IO 

cell region of the plurality of IO cell regions, and the first set is 

disposed so that the first non-inverting pad electrode and the 

first inverting pad electrode are disposed along a first line along 

the side of the semiconductor chip; and 

	

wherein 	a 	second 	set 	of a 	second 	non-inverting 	pad 

electrode 	and 	a 	second 	inverting 	pad 	electrode 	is 	disposed 

above a second IO cell region of the plurality of IO cell regions, 

and the second set is disposed so that the second non-inverting 

pad 	electrode 	and 	the 	second 	inverting 	pad 	electrode 	are 

disposed 	along 	a 	second 	line 	along 	the 	side 	of 	the 

semiconductor chip. 

2. The semiconductor package according to claim 1, further 

comprising: 

a 	first 	wire 	that 	electrically 	connects 	the 	first 

non-inverting 	pad electrode of the first set and a first finger 

provided on the base substrate to each other, the first set being 

disposed on the first line of the first and second lines, and the 

first line being closer to an outer periphery of the semiconductor 

chip; and 
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a second wire that electrically connects the first inverting 

pad electrode of the first set and a second finger provided on 

the base substrate to each other; 

wherein a length of the first wire is equal to a length of 

the second wire. 

3. The semiconductor package according to claim 2, further 

comprising: 

a 	third 	wire 	that 	electrically 	connects 	the 	second 

non-inverting pad electrode of the second set and a third finger 

provided on the base substrate to each other, the second set 

being disposed on the second line of the first and second lines, 

and 	the 	second 	line 	being 	closer 	to 	a 	center 	of 	the 

semiconductor chip; and 

a 	fourth 	wire 	that 	electrically 	connects 	the 	second 

inverting pad electrode of the second set and a fourth finger 

provided on the base substrate to each other; 

wherein a length of the third wire is equal to a length of 

the fourth wire. 

4. The semiconductor package according to claim 3, wherein 

the first finger and the second finger are disposed on the base 

substrate in a line along the side of the semiconductor chip, and 

the third finger and the fourth finger are disposed on the 

base substrate in a line along the side of the semiconductor 

chip. 

5. The semiconductor package according to claim 1, wherein 

the plurality of IO cell regions have a same circuit configuration 

except for a wiring layer. 

6. The semiconductor package according to claim 3, wherein 

the first inverting 	pad electrode 	is connected to an 	inverting 

terminal of a first differential circuit provided in the first IO cell 

region of the plurality of IO cell regions, 

the second non-inverting pad electrode is connected to a 
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non-inverting terminal of a second differential circuit provided in 

the second IO cell region of the plurality of IO cell region, the 

second IO cell region being adjacent to the first IO cell region, 

and 

the 	first 	inverting 	pad 	electrode 	and 	the 	second 

non-inverting 	pad 	electrode 	are 	disposed 	side 	by 	side 	in 	a 

direction perpendicular to the side of the semiconductor chip. 

7. The semiconductor package according to claim 6, wherein 

the first inverting pad electrode and the second non-inverting 

pad electrode are disposed on a boundary between the first IO 

cell region and the second IO cell region. 

8. The semiconductor package according to claim 6, further 

comprising: 

a first metal layer that is disposed between the first IO 

cell 	region 	and 	the 	first 	non-inverting 	pad 	electrode 	and 

electrically 	connects 	a 	non-inverting 	terminal 	of 	the 	first 

differential 	circuit and the first non-inverting 	pad electrode to 

each other; and 

a second metal layer that is disposed between the second 

IO 	cell 	region 	and 	the 	second 	inverting 	pad 	electrode 	and 

electrically 	connects 	an 	inverting 	terminal 	of 	the 	second 

differential 	circuit and 	the 	second 	inverting 	pad 	electrode 	to 

each other. 

9. The semiconductor package according to claim 8, wherein 

the first metal layer extends above the first TO cell region in the 

direction perpendicular to the side of the semiconductor chip, 

and 

the second metal layer extends above the second TO cell 

region 	in 	the 	direction 	perpendicular 	to 	the 	side 	of 	the 

semiconductor chip. 

10. The semiconductor package according to claim 8, wherein 

the semiconductor chip further comprises a core region disposed 
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in a center part of the semiconductor chip, an internal circuit 

being provided in the core region. 

11. A semiconductor chip comprising: 

	

a 	core 	region 	disposed 	in 	a 	center 	part 	of 	the 

semiconductor chip, 	an 	internal 	circuit 	being 	provided 	in 	the 

core region; 

	

a 	plurality of JO cell 	regions disposed 	in 	a 	line along a 

side 	of 	a 	semiconductor 	chip, 	a 	differential 	circuit 	being 

provided in each of the plurality of JO cell regions; 

a non-inverting pad electrode disposed above each of the 

JO 	cell 	regions 	and 	electrically 	connected 	to 	a 	non-inverting 

terminal of the differential circuit; and 

an inverting pad electrode disposed above each of the I0 

cell 	regions 	and 	connected 	to 	an 	inverting 	terminal 	of 	the 

differential circuit, and 

wherein a first set of a first non-inverting pad electrode 

and a first inverting pad electrode is disposed above a first JO 

cell region of the plurality of JO cell regions, and the first set is 

disposed so that the first non-inverting pad electrode and the 

first inverting pad electrode are disposed along a first line along 

the side of the semiconductor chip; and 

	

wherein 	a 	second 	set of a 	second 	non-inverting 	pad 

electrode 	and 	a 	second 	inverting 	pad 	electrode 	is 	disposed 

above a second JO cell region of the plurality of JO cell regions, 

and the second set is disposed so that the second non-inverting 

pad 	electrode 	and 	the 	second 	inverting 	pad 	electrode 	are 

disposed 	along 	a 	second 	line 	along 	the 	side 	of 	the 

semiconductor chip. 

12. The 	semiconductor chip according to 	claim 	11, 	further 

comprising: 

a 	first 	wire 	that 	electrically 	connects 	the 	first 

non-inverting 	pad electrode of the first set and a first finger 

provided on the base substrate to each other, the first set being 

disposed on the first line of the first and second lines, and the 
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first line being closer to an outer periphery of the semiconductor 

chip; and 

a second wire that electrically connects the first inverting 

pad electrode of the first set and a second finger provided on 

the base substrate to each other; 

wherein a length of the first wire is equal to a length of 

the second wire. 

13. The semiconductor chip according to claim 	12, further 

comprising: 

a 	third 	wire 	that 	electrically 	connects 	the 	second 

non-inverting pad electrode of the second set and a third finger 

provided on the base substrate to each other, the second set 

being disposed on the second line of the first and second lines, 

and 	the 	second 	line 	being 	closer 	to 	a 	center 	of 	the 

semiconductor chip; and 

a 	fourth 	wire 	that 	electrically 	connects 	the 	second 

inverting pad electrode of the second set and a fourth finger 

provided on the base substrate to each other; 

wherein a length of the third wire is equal to a length of 

the fourth wire. 

14. The semiconductor chip according to claim 	13, wherein 

the first finger and the second finger are disposed on the base 

substrate in a line along the side of the semiconductor chip, and 

the third finger and the fourth finger are disposed on the 

base substrate in a 	line along the side of the semiconductor 

chip. 

15. The semiconductor chip according to claim 	11, wherein 

the plurality of IO cell regions have a same circuit configuration 

except for a wiring layer. 

16. The semiconductor chip according to claim 13, wherein 

the first inverting 	pad 	electrode is connected 	to an 	inverting 

terminal of a first differential circuit provided in the first IO cell 
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region of the plurality of IO cell regions, 

the second non-inverting pad electrode is connected to a 

non-inverting terminal of a second differential circuit provided in 

the second IO cell region of the plurality of IO cell region, the 

second IO cell region being adjacent to the first IO cell region, 

and 

the 	first 	inverting 	pad 	electrode 	and 	the 	second 

non-inverting 	pad 	electrode 	are 	disposed 	side 	by 	side 	in 	a 

direction perpendicular to the side of the semiconductor chip. 

17. The semiconductor chip according to claim 16, wherein 

the first inverting pad electrode and the second non-inverting 

pad electrode are disposed on a boundary between the first IO 

cell region and the second IO cell region. 

18. The semiconductor chip according 	to claim 	16, 	further 

comprising: 

a first metal layer that is disposed between the first IO 

cell 	region 	and 	the 	first 	non-inverting 	pad 	electrode 	and 

electrically 	connects 	a 	non-inverting 	terminal 	of 	the 	first 

differential circuit and the first non-inverting pad electrode to 

each other; and 

a second metal layer that is disposed between the second 

IO 	cell 	region 	and 	the 	second 	inverting 	pad 	electrode 	and 

electrically 	connects 	an 	inverting 	terminal 	of 	the 	second 

differential 	circuit 	and 	the 	second 	inverting 	pad 	electrode 	to 

each other. 

19. The semiconductor chip according to claim 	18, wherein 

the first metal layer extends above the first IO cell region in the 

direction perpendicular to the side of the semiconductor chip, 

and 

the second metal layer extends above the second IO cell 

region 	in 	the 	direction 	perpendicular 	to 	the 	side 	of 	the 

semiconductor chip. 
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20. 	The semiconductor chip according to claim 18, wherein 

the semiconductor chip further comprises a core region disposed 

in a center part of the semiconductor chip, an internal 	circuit 

being provided in the core region. 


