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(57) ABSTRACT 

The input/output circuit of the present invention includes a 
first p-channel transistor and a charge drawing circuit. The 
first p-channel transistor is connected to an input/output pad 
of the Semiconductor integrated circuit. The charge drawing 
circuit, driven with a control Signal, draws a charge from an 
n-well diffusion region of the p-channel transistor during 
output. By the charge drawing, the potential at the n-well 
diffusion region of the p-channel transistor is kept at the 
Supply Voltage during output, and thus the input/output 
circuit is prevented from deterioration in current flow capa 
bility due to a back bias effect. 
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INPUT/OUTPUT CIRCUIT OF SEMICONDUCTOR 
INTEGRATED CIRCUIT 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to an input/output 
circuit, and more particularly, to an input/output circuit of a 
field effect Semiconductor integrated circuit, for inputting/ 
outputting Signals from/to the outside of the Semiconductor 
integrated circuit. 

0002 With the recent high integration of semiconductor 
devices, high performance has been increasingly demanded 
in the technology of input/output circuits for inputting/ 
outputting Signals from/to the outside of the devices. In 
particular, while the Voltage of external input/output signals 
remains at the conventional TTL level, the Supply Voltage 
internal to a Semiconductor integrated circuit is required to 
be lower as the size of the Semiconductor integrated circuit 
is made finer. In View of this, it is required to provide an 
input/output circuit capable of accepting a Voltage higher 
than the Supply Voltage internal to a Semiconductor inte 
grated circuit. In realization of Such an input/output circuit, 
a problem arises in a p-channel transistor of the output part 
of the input/output circuit. That is, in a normal configuration, 
the Supply Voltage is applied to an n-well region of the 
p-channel transistor of the output part. The drain of the 
p-channel transistor is a p-type diffusion region. Therefore, 
when a Voltage higher than the Supply Voltage is applied to 
the drain, a forward bias is applied to the PN junction 
causing flow of a large current, and this may possibly 
destroy the Semiconductor integrated circuit. Thus, a unique 
construction is necessary for an input/output circuit capable 
of accepting a Voltage higher than the Supply Voltage inter 
nal to the Semiconductor integrated circuit. 
0.003 FIG. 11 illustrates an input/output circuit capable 
of accepting a Voltage higher than the Supply Voltage inter 
nal to the Semiconductor integrated circuit, as first related 
art. In FIG. 11, for simplification of description, only a 
p-channel transistor B02 of an output part is shown, omitting 
an input part and an n-channel transistor of the output part. 
The p-channel transistor B02 includes a source diffusion 
region B02a, a gate B02b, a drain diff-usion region B02c, an 
n-well diffusion region B02d, a substrate B02e and device 
isolators B02g and B02h. The input/output of signals into/ 
from a Semiconductor integrated circuit having the input/ 
output circuit shown in FIG. 11 is entirely performed via an 
input/output pad B03. The Supply voltage VDD (V) is 
applied to the source diffusion region B02a. Therefore, in 
the initial State, the Voltage at the n-well diffusion region 
B02d is as high as VDD (V) due to the PN junction with the 
Source diffusion region B02a. 
0004. The operation of the input/output circuit with the 
above configuration is as follows. Herein, the case that a 
Voltage is applied from outside when the input/output circuit 
is in the input State is described. When an input at a voltage 
VH (V) higher than the supply voltage is applied to the 
input/output pad B03, the potential at the n-well diffusion 
region B02d rises to as high as VH (V) due to the PN 
junction with the drain diffusion region B02c. A current 
flows into the input/output pad B03 during the charging of 
the n-well diffusion region B02d to VH (V). However, the 
current flow stops once the Voltage at the n-well diffusion 
region B02d reaches VH (V). Also, at this time, a reverse 
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voltage is applied to the PN junction between the n-well 
diffusion region B02d and the source diffusion region B02a. 
Therefore, no large current will flow between the n-well 
diffusion region B02d and the source diffusion region B02a. 
Accordingly, using the input/output circuit shown in FIG. 
11, the Semiconductor integrated circuit is prevented from 
destruction even when a Voltage higher than the Supply 
Voltage internal to the Semiconductor integrated circuit is 
input into the Semiconductor integrated circuit. 

0005. The input/output circuit shown in FIG. 11 does not 
accept a voltage lower than the ground Voltage due to the 
existence of the n-channel transistor (not shown) of the 
output part. An input/output circuit capable of accepting a 
Voltage lower than the ground Voltage is realized by a 
diffusion method separating a p-well. FIG. 12 illustrates a 
conventional input/output circuit capable of accepting a 
Voltage lower than the ground Voltage, as Second related art. 
In FIG. 12, for simplification of description, only an n-chan 
nel transistor C02 of an output part is shown, omitting an 
input part and a p-channel transistor of the output part. The 
n-channel transistor C02 includes a Source diffusion region 
C02a, a gate C02b, a drain diffusion region C02c, a p-well 
diff-usion region C02d, a substrate CO2e and device isolators 
C02g and C02h. The input/output of signals into/from a 
Semiconductor integrated circuit (LSI) having the input/ 
output circuit shown in FIG. 12 is entirely performed via an 
input/output pad C03. The source diffusion region C02a is 
grounded. Therefore, in the initial State, the potential at the 
p-well diff-usion region C02d is as low as the ground voltage 
due to the PN junction with the source diffusion region 
CO2a. 

0006 The operation of the input/output circuit with the 
above configuration is as follows. Herein, the case that a 
Voltage is applied from outside when the input/output circuit 
is in the input State is described. When an input signal at a 
voltage VL (V) lower than the ground Voltage is applied to 
the input/output pad C03, the voltage at the p-well diffusion 
region C02d drops to as low as VL (V) due to the PN 
junction with the drain diffusion region C02c. A current 
flows from the input/output pad C03 during the discharging 
of the p-well diffusion region C02d to VL (V). However, the 
current flow Stops once the potential at the p-well diffusion 
region C02d reaches VL (V). Also, at this time, a reverse 
voltage is applied to the PN junction between the p-well 
diffusion region C02d and the source diffusion region C02a. 
Therefore, no large current will flow between the p-well 
diffusion region C02d and the source diffusion region C02a. 
Accordingly, using the conventional input/output circuit 
shown in FIG. 12, the LSI is prevented from destruction 
even when a Voltage lower than the ground Voltage is input 
into the LSI. 

0007. However, the related art described above has the 
following problems. In the input/output circuit shown in 
FIG. 11, after a Voltage higher than the Supply Voltage is 
applied during input, the potential at the n-well diffusion 
region B02d of the p-channel transistor B02 is higher than 
the Supply Voltage during output. This deteriorates the 
current flow capability due to a back bias effect. 

0008. In the input/output circuit shown in FIG. 12, after 
a Voltage lower than the ground Voltage is applied during 
input, the potential at the p-well diff-usion region C02d of 
the n-channel transistor C02 is lower than the ground 
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Voltage during output. This deteriorates the current flow 
capability due to the back bias effect. 

SUMMARY OF THE INVENTION 

0009. An object of the present invention is providing an 
input/output circuit capable of preventing deterioration in 
current flow capability due to the back bias effect. 
0010. According to one aspect of the present invention, 
the input/output circuit is an input/output circuit of a Semi 
conductor integrated circuit, including a first p-channel 
transistor and a charge drawing circuit. The first p-channel 
transistor is connected to an input/output pad of the Semi 
conductor integrated circuit. The charge drawing circuit 
draws a charge from an n-well diffusion region of the first 
p-channel transistor. 
0011. According to another aspect of the invention, the 
input/output circuit is an input/output circuit of a Semicon 
ductor integrated circuit, including a first n-channel transis 
tor and a charge drawing circuit. The first n-channel tran 
Sistor is connected to an input/output pad of the 
Semiconductor integrated circuit. The charge drawing circuit 
draws a charge from a p-well diffusion region of the first 
n-channel transistor. 

0012. The input/output circuit described above includes 
the charge drawing circuit. Therefore, deterioration in cur 
rent flow capability due to the back bias effect is prevented. 
0013. According to yet another aspect of the invention, 
the input/output circuit is an input/output circuit for output 
ting a signal from an internal circuit of a Semiconductor 
integrated circuit to an input/output pad of the Semiconduc 
tor integrated circuit, including a first p-channel transistor 
and a charge drawing circuit. The first p-channel transistor 
is connected between a power Supply node receiving a 
Supply Voltage internal to the Semiconductor integrated 
circuit and the input/output pad. The gate of the first 
p-channel transistor receives a signal from an internal circuit 
of the Semiconductor integrated circuit directly or indirectly. 
The charge drawing circuit draws a charge from an n-well 
diffusion region of the first p-channel transistor to a ground 
node receiving a ground Voltage when the input/output 
circuit outputs the Signal from the internal circuit to the 
input/output pad. 
0.014 Preferably, the charge drawing circuit includes a 

first n-channel transistor and a Second n-channel transistor. 
The first n-channel transistor is connected between the 
n-well diff-usion region of the first p-channel transistor and 
a first node, and is turned ON when the input/output circuit 
outputs the Signal from the internal circuit to the input/ 
output pad. The Second n-channel transistor is connected 
between the first node and the ground node, and is turned 
OFF when the input/output circuit outputs the signal from 
the internal circuit to the input/output pad. 
0.015. In the input/output circuit described above, the 
potential at the n-well diffusion region of the first p-channel 
transistor is kept at the internal Supply Voltage level when 
the input/output circuit outputs the Signal from the internal 
circuit to the input/output pad. Therefore, deterioration in 
current flow capability due to the back bias effect of the first 
p-channel transistor is prevented. 
0016. According to still another aspect of the invention, 
the input/output circuit is an input/output circuit for output 
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ting a signal from an internal circuit of a Semiconductor 
integrated circuit to an input/output pad of the Semiconduc 
tor integrated circuit, including a first n-channel transistor 
and a charge drawing circuit. The first n-channel transistor 
is connected between a ground node receiving a ground 
Voltage and the input/output pad. The gate of the first 
n-channel transistor receives a signal from an internal circuit 
of the Semiconductor integrated circuit directly or indirectly. 
The charge drawing circuit draws a charge from a p-well 
diffusion region of the first n-channel transistor to a power 
Supply node receiving a Supply Voltage internal to the 
Semiconductor integrated circuit when the input/output cir 
cuit outputs the Signal from the internal circuit to the 
input/output pad. 
0017 Preferably, the charge drawing circuit includes a 

first p-channel transistor and a Second p-channel transistor. 
The first p-channel transistor is connected between the 
p-well diffusion region of the first n-channel transistor and 
a first node, and is turned ON when the input/output circuit 
outputs the Signal from the internal circuit to the input/ 
output pad. The Second p-channel transistor is connected 
between the first node and the power Supply node, and is 
turned OFF when the input/output circuit outputs the signal 
from the internal circuit to the input/output pad. 
0018. In the input/output circuit described above, the 
potential at the p-well diffusion region of the first n-channel 
transistor is kept at the ground Voltage level when the 
input/output circuit outputs the Signal from the internal 
circuit to the input/output pad. Therefore, deterioration in 
current flow capability due to the back bias effect of the first 
n-channel transistor is prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 FIG. 1 is an illustration of an output part of an 
input/output circuit of Embodiment 1 of the present inven 
tion. 

0020 FIG. 2 is an illustration of an output part of an 
input/output circuit of Embodiment 2 of the present inven 
tion. 

0021 FIG. 3 is an illustration of an output part of an 
input/output circuit of Embodiment 3 of the present inven 
tion. 

0022 FIG. 4 is an illustration of an output part of an 
input/output circuit of Embodiment 4 of the present inven 
tion. 

0023 FIG. 5 is an illustration of an output part of an 
input/output circuit of Embodiment 5 of the present inven 
tion. 

0024 FIG. 6 is an illustration of an output part of an 
input/output circuit of Embodiment 6 of the present inven 
tion. 

0025 FIG. 7 is an illustration of an output part of an 
input/output circuit of Embodiment 7 of the present inven 
tion. 

0026 FIG. 8 is an illustration of an output part of an 
input/output circuit of Embodiment 8 of the present inven 
tion. 

0027 FIG. 9 is an illustration of an output part of an 
input/output circuit of Embodiment 9 of the present inven 
tion. 
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0028 FIG. 10 is an illustration of an output part of an 
input/output circuit of Embodiment 10 of the present inven 
tion. 

0029 FIG. 11 is an illustration of an output part of a 
conventional input/output circuit. 
0030 FIG. 12 is an illustration of an output part of 
another conventional input/output circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0.031 Hereinafter, preferred embodiments of the present 
invention will be described with reference to the accompa 
nying drawings. 

Embodiment 1 

0032. An input/output circuit of Embodiment 1 of the 
present invention, placed inside a Semiconductor integrated 
circuit (LSI), includes an input part and an output part. The 
input part receives a Signal from the outside of the LSI and 
passes the Signal to an internal circuit of the LSI. The output 
part receives a signal from an internal circuit of the LSI and 
outputs the signal to the outside of the LSI. 
0.033 FIG. 1 illustrates the output part of the input/output 
circuit of Embodiment 1. Referring to FIG. 1, the output 
part includes a p-channel transistor 102, a charge drawing 
circuit 101 and a control circuit 104. The p-channel transis 
tor 102 includes a Source diff-usion region 102a, a gate 
102b, a drain diffusion region 102c, an n-well diffusion 
region 102d, a substrate 102e, an n-diff-usion region 102f 
and device isolators 102g, 102h and 102i. The control circuit 
104 outputs a low (L) level (ground voltage level) control 
Signal CTL when the input/output circuit is in the output 
State and outputs a high (H) level (Supply voltage level) 
control Signal CTL when the input/output circuit is in the 
input State. The charge drawing circuit 101 draws a charge 
from the n-well diffusion region 102d to a ground node via 
the n-diffusion region 102f when the control signal CTL is 
at the L level, and does not draw a charge when the control 
signal CTL is at the H level. The ground node receives the 
ground voltage VSS. 
0034) For simplification of description, the input part and 
an n-channel transistor of the output part are omitted in FIG. 
1. A signal to be output externally is Supplied to the gates of 
the p-channel transistor 102 and the n-channel transistor 
directly or indirectly from an internal circuit of the LSI. 

0035. The input/output of signals into/from the LSI hav 
ing the input/output circuit shown in FIG. 1 is entirely 
performed via an input/output pad 103. 

0036) The supply voltage VDD (V) internal to the LSI is 
applied to the source diffusion region 102a. Therefore, in the 
initial state, the potential at the n-well diff-usion region 102d 
is as high as VDD (V) due to the PN junction with the source 
diffusion region 102a. 
0037 Hereinafter, the operation of the input/output cir 
cuit having the above configuration will be described. 

0.038 First, the case that the input/output circuit is in the 
input state (a signal from the outside of the LSI is input into 
an internal circuit of the LSI) will be described. 
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0039. In the input state, the control circuit 104 outputs the 
H-level control signal CTL. Receiving the H-level control 
Signal CTL, the charge drawing circuit 101 does not draw a 
charge. Therefore, the n-well diffusion region 102d is iso 
lated from the ground node. In this State, when a signal at a 
voltage VH (V) higher than the Supply Voltage is input into 
the input/output pad 103, the potential at the n-well diffusion 
region 102d rises to as high as VH (V) due to the PN 
junction with the drain diffusion region 102c. A current 
flows into the input/output pad 103 during the charging of 
the n-well diffusion region 102d to VH (V). However, the 
current flow Stops once the Voltage at the n-well diffusion 
region 102d reaches VH (V). Also, at this time, a reverse 
voltage is applied to the PN junction between the n-well 
diffusion region 102d and the source diffusion region 102a. 
Therefore, no large current will flow between the n-well 
diffusion region 102d and the source diffusion region 102a. 
Accordingly, the LSI having the input/output circuit shown 
in FIG. 1 is prevented from destruction even when a voltage 
higher than the Supply Voltage internal to the LSI is input 
into the LSI. 

0040. Next, the case that the input/output circuit is in the 
output state (a signal from an internal circuit of the LSI is 
output to the outside of the LSI) will be described. 
0041. In the output state, the control circuit 104 outputs 
the L-level control signal CTL. Receiving the L-level con 
trol Signal CTL, the charge drawing circuit 101 draws a 
charge from the n-well diffusion region 102d via the n-dif 
fusion region 102f Thus, a charge accumulated in the n-well 
diffusion region 102d is drawn to the ground node. The 
potential at the n-well diffusion region 102d therefore drops 
and once it is lower than the Supply voltage VDD (V), it 
resumes the Supply voltage VDD (V) due to the PN junction 
with the source diffusion region 102a. In this way, in the 
output state, the n-well diff-usion region 102d always 
resumes the voltage VDD (V). Accordingly, it is possible to 
prevent deterioration in current flow capability due to the 
back bias effect of the p-channel transistor 102 of the output 
part. 

0042. It is important to draw a charge to the ground node 
because if a charge having a potential higher than the Supply 
Voltage is drawn to a power Supply node, the p-channel 
transistor connected to a power Supply line may possibly 
cause latch-up. 

Embodiment 2 

0043. The input/output circuit of Embodiment 2 of the 
present invention includes a charge drawing circuit 201 
shown in FIG. 2 in place of the charge drawing circuit 101 
shown in FIG.1. The other components of the input/output 
circuit are the same as those of the input/output circuit of 
Embodiment 1. FIG. 2 illustrates an output part of the 
input/output circuit of Embodiment 2. Referring to FIG. 2, 
the charge drawing circuit 201 includes an inverter circuit 
205, n-channel transistors 201a and 201b and a capacitance 
201e. The inverter circuit 205 inverts the control signal CTL 
from the control circuit 104. The n-channel transistor 201a, 
connected between the n-diffusion region 102f of the 
p-channel transistor 102 and a node N201, receives the 
output of the inverter circuit 205 at its gate. The n-channel 
transistor 201b, connected between the node N201 and a 
ground node, receives the control Signal CTL from the 
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control circuit 104 at its gate. The capacitance 201e is 
connected between the node N201 and a ground node in 
parallel with the n-channel transistor 201b. 
0044) Hereinafter, the operation of the input/output cir 
cuit with the above configuration will be described. 
0.045 First, the case that the input/output circuit is in the 
input state (a signal from the outside of the LSI is input into 
an internal circuit of the LSI) will be described. 
0046. In the input state, the control circuit 104 outputs the 
H-level control signal CTL. Receiving the H-level signal, 
the inverter circuit 205 outputs an L-level signal. This turns 
the n-channel transistor 201b ON and the n-channel tran 
sistor 201a OFF. Therefore, the potential at the node N201 
becomes the L level, and the capacitance 201e is charged to 
the ground Voltage. As a result, the charge drawing circuit 
201 does not draw a charge, and thus the n-well diffusion 
region 102d of the p-channel transistor 102 is isolated from 
the ground node. In this State, when a signal at a Voltage VH 
(V) higher than the Supply voltage is input into the input/ 
output pad 103, the voltage at n-well diffusion region 102d 
rises to as high as VH (V) due to the PN junction with the 
drain diffusion region 102c. A current flows into the input/ 
output pad 103 during the charging of the n-well diffusion 
region 102d to VH (V). However, the current flow stops 
once the voltage at the n-well diffusion region 102d reaches 
VH (V). Also, at this time, a reverse voltage is applied to the 
PN junction between the n-well diffusion region 102d and 
the Source diffusion region 102a. Therefore, no large current 
will flow between the n-well diffusion region 102d and the 
Source diffusion region 102a. Accordingly, the LSI having 
the input/output circuit shown in FIG. 2 is prevented from 
destruction even when a Voltage higher than the Supply 
voltage internal to the LSI is input into the LSI. 
0047 Next, the case that the input/output circuit is in the 
output state (a signal from an internal circuit of the LSI is 
output to the outside of the LSI) will be described. 
0.048. In the output state, the control circuit 104 outputs 
the L-level control signal CTL. Receiving the L-level con 
trol signal CTL, the inverter circuit 205 outputs an H-level 
signal. This turns the n-channel transistor 201b OFF and the 
n-channel transistor 201a ON, and thus the node N201 and 
the n-well diffusion region 102d are electrically connected 
via the n-channel transistor 201a. Suppose the diffusion 
parasitic capacitance values of the n-channel transistors 
201a and 201b connected to the node N201 are C201 a (F) 
and C201b (F), respectively, the capacitance value of the 
capacitance 201e is C201e (E), and the parasitic capacitance 
value of the n-well diffusion region 102d of the p-channel 
transistor is C102d (F). The potential Vlast (V) at the n-well 
diffusion region 102d after the connection is calculated as 
follows, under the assumption that the n-channel transistor 
201a remains ON until the final state. 

Vlast=C102d (C201a--C201b+C201e+C102d)xVH Expression (1) 

0049. The condition under which the n-channel transistor 
201a remains ON until the final state is as follows. 

C201e Expression (2) 

0050 wherein Vth is the threshold voltage of the n-chan 
nel transistor 201a. ASSume that C201a--C201b.--C201e sat 
isfies the above condition. Normally, C102d is a compara 
tively small value. Therefore, if the condition of Expression 
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(2) is satisfied only with C201a and C201b, the capacitance 
201e in FIG. 2 is unnecessary. Under the above assumption, 
the Vlast (V) satisfies the following. 
0051 Vlast<VDD-Vtn Expression (3) 
0052 AS described above, the potential at the n-well 
diffusion region 102d drops below VDD (V). The potential 
at the n-well diffusion region 102d that has dropped then 
rises to VDD (V) due to the PN junction with the source 
diffusion region 102a. In this way, in the output State, the 
n-well diffusion region 102d always resumes the voltage 
VDD (V). Accordingly, it is possible to prevent deterioration 
in current flow capability due to the back bias effect of the 
p-channel transistor 102 of the output part. 

Embodiment 3 

0053. In the input/output circuit of Embodiment 2, the 
node N201 of the charge drawing circuit 201 is at the Llevel 
(ground Voltage level) in the input State. Therefore, when the 
State is Switched to the output State, part of the n-well 
diffusion region 102d of the p-channel transistor 102 may 
possibly be at the ground Voltage momentarily, and this may 
easily cause latch-up. Embodiment 3 aims to overcome this 
problem. 

0054 The input/output circuit of Embodiment 3 of the 
present invention includes a charge drawing circuit 301 
shown in FIG. 3 in place of the charge drawing circuit 201 
shown in FIG. 2. The other components of the input/output 
circuit are the same as those of the input/output circuit of 
Embodiment 2. FIG. 3 illustrates an output part of the 
input/output circuit of Embodiment 3. Referring to FIG. 3, 
the charge drawing circuit 301 includes the inverter circuit 
205, the n-channel transistors 201a and 201b, the capaci 
tance 201e and a p-channel transistor 301d. The p-channel 
transistor 301d is connected between a power supply node 
receiving the supply voltage VDD and the node N201, and 
receives a Voltage at the node N201 at its gate. ASSume that 
the threshold voltage Vtp (V) of the p-channel transistor 
301d and the threshold voltage Vtn (V) of the n-channel 
transistor 201a have the following relationship. 

Vtp:Vtn Expression (4) 

0055. Hereinafter, the operation of the input/output cir 
cuit with the above configuration will be described. 
0056 First, the case that the input/output circuit is in the 
input State (a signal from the outside of the LSI is input into 
an internal circuit of the LSI) will be described. 
0057. In the input state, the control circuit 104 outputs the 
H-level control signal CTL. Receiving the H-level control 
signal, the inverter circuit 205 outputs an L-level signal. This 
turns the n-channel transistor 201b ON and the n-channel 
transistor 201a OFF. Therefore, the node N201 becomes the 
L level, and thus the p-channel transistor 301d is turned ON. 
With the p-channel transistor 301d being turned ON, the 
potential at the node N201 rises. Finally, the p-channel 
transistor 301d is turned OFF when the voltage at the node 
N201 reaches VDD-Vtp. Therefore, the charge drawing 
circuit 301 does not draw a charge, and thus the n-well 
diffusion region 102d of the p-channel transistor 102 is 
isolated from the ground node. In this State, when a Signal at 
a voltage VH (V) higher than the Supply voltage is input into 
the input/output pad 103, the potential at the n-well diffusion 
region 102d rises to as high as VH (V) due to the PN 
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junction with the drain diffusion region 102c. A current 
flows into the input/output pad 103 during the charging of 
the n-well diffusion region 102d to VH (V). However, the 
current flow stops once the Voltage at the n-well diffusion 
region 102d reaches VH (V). Also, at this time, a reverse 
voltage is applied to the PN junction between the n-well 
diffusion region 102d and the source diffusion region 102a, 
and thus, no large current will flow between the n-well 
diffusion region 102d and the source diffusion region 102a. 
Accordingly, the LSI having the input/output circuit shown 
in FIG. 3 is prevented from destruction even when a voltage 
higher than the Supply Voltage internal to the LSI is input 
into the LSI. 

0.058 Next, the case that the input/output circuit is in the 
output state (a signal from an internal circuit of the LSI is 
output to the outside of the LSI) will be described. 
0059. In the output state, the control circuit 104 outputs 
the L-level control signal CTL. Receiving the L-level Signal, 
the inverter circuit 205 outputs an H-level signal. This turns 
the n-channel transistor 201b OFF. As for the n-channel 
transistor 201a, since the gate potential is VDD (V) and the 
Source potential is VDD-Vtp, the gate-Source voltage is 
Vtp. From the condition of Expression (4) above, the 
n-channel transistor 201a is turned ON, and the p-channel 
transistor 301d is turned OFF. Thus, the node N201 of the 
charge drawing circuit 301 and the n-well diffusion region 
102d of the p-channel transistor 102 are electrically con 
nected via the n-channel transistor 201a. Suppose the diff 
usion parasitic capacitance values of the n-channel transis 
tors 201a and 201b connected to the node N201 are C201a 
(F) and C201b (F), respectively, the sum of the diffusion 
parasitic capacitance Value and the gate parasitic capacitance 
value of the p-channel transistor 301d connected to the node 
N201 is C301d (F), the capacitance value of the capacitance 
201e is C201e (F), the parasitic capacitance value of the 
n-well diffusion region 102d of the p-channel transistor 102 
is C102d), and the total capacitance value Call (F) is as 
follows. 

Call=C2O1a-C201b+C301d +C201e--C102d Expression (5) 

0060. The potential Vlast (V) at the n-well diffusion 
region 102d after the connection is calculated as follows, 
under the assumption that the n-channel transistor 201a 
remains ON until the final state. 

Vlast=(Call-C102d)x(VDD-Vtp)+C102.dx VH)/Call Expression (6) 

0061 The condition under which the n-channel transistor 
201a remains ON until the final state is as follows. 

C301d +C201e Expression (7) 

0062 Assume that C201a+C201b+C301d+C201e satis 
fies the above condition. Normally, C102d is a compara 
tively small value. Therefore, if the condition of Expression 
(7) is satisfied only with C201a, C201b and C301d, the 
capacitance 201e in FIG. 3 is unnecessary. Under the above 
assumption, the Vlast (V) satisfies the following. 

Vlast&WDD-Vin Expression (8) 

0.063 AS described above, the potential at the n-well 
diffusion region 102d drops below VDD (V). The potential 
at the n-well diffusion region 102d that has dropped then 
rises to VDD (V) due to the PN junction with the source 
diff-usion region 102a. In this way, in the output State, the 
n-well diff-usion region 102d always resumes the voltage 
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VDD (V). Accordingly, it is possible to prevent deterioration 
in current flow capability due to the back bias effect of the 
p-channel transistor 102 of the output part. 
0064. In the input state, the node N201 is at a potential 
higher than the ground Voltage. Therefore, a potential higher 
than the ground Voltage is applied to the n-well diffusion 
region 102d when the state is switched to the output state. 
Thus, latch-up will not easily occur. 
0065 Due to the existence of the inverter circuit 205, the 
n-channel transistors 201a and 201b may momentarily be 
turned ON simultaneously when the state is switched from 
the output State to the input State. In Such an event, however, 
the potential at the n-well diffusion region 102d is prevented 
from dropping to VDD-Vtp or lower due to the charging by 
the p-channel transistor 301d. This Suppresses occurrence of 
latch-up. 

Embodiment 4 

0066. In the input/output circuit of Embodiment 3, a 
through current flows along the route of the power Supply 
node-the p-channel transistor 301d-the n-channel tran 
sistor 201b-the ground node in the input state. Embodi 
ment 3 aims to overcome this problem. 
0067. The input/output circuit of Embodiment 4 of the 
present invention includes a charge drawing circuit 401 
shown in FIG. 4 in place of the charge drawing circuit 301 
shown in FIG. 3. The other components of the input/output 
circuit are the same as those of the input/output circuit of 
Embodiment 3. FIG. 4 illustrates an output part of the 
input/output circuit of Embodiment 4. Referring to FIG. 4, 
the charge drawing circuit 401 includes the inverter circuit 
205, the n-channel transistors 201a and 201b, the capaci 
tance 201e, the p-channel transistor 301d and a p-channel 
transistor 401c. The p-channel transistor 401c-is connected 
in series with the p-channel transistor 301d between the 
power Supply node receiving the Supply Voltage VDD and 
the node N201, and receives the control signal CTL from the 
control circuit 104 at its gate. Assume that the threshold 
voltage Vtp (V) of the p-channel transistor 301d and the 
threshold voltage Vtn (V) of the n-channel transistor 201a 
have the following relationship. 

Viple Vin Expression (9) 
0068. Hereinafter, the operation of the input/output cir 
cuit with the above configuration will be described. 
0069. As in Embodiment 3, the LSI is prevented from 
destruction even when a Voltage higher than the Supply 
voltage VDD (V) internal to the LSI is input into the LSI in 
the input State. In addition, in this embodiment, Since the 
control signal CTL is at the H level in the input state, the 
p-channel transistor 401c receiving this signal at its gate is 
turned OFF. Thus, the through current flowing along the 
route of the power Supply node-the p-channel transistor 
301d the n-channel transistor 201b-the ground node can 
be reduced. 

0070 Next, the case that the input/output circuit is in the 
output state will be described. 
0071 Suppose the diffusion parasitic capacitance values 
of the n-channel transistors 201a and 201b connected to the 
node N201 are C201a (F) and C201b (F), respectively, the 
Sum of the diffusion parasitic capacitance value and the gate 
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parasitic capacitance value of the p-channel transistor 301d 
connected to the node N201 is C301d (F), the capacitance 
value of the capacitance 201e is C201e (F), and the parasitic 
capacitance value of the n-well diffusion region 102d of the 
p-channel transistor 102 is C102d (F). Assume that the 
C201a+C201b+C301d+C201e satisfies the following. 

(VH-VDD+Vin)/(Vip-Vth)xC102d-C201a+C201b+ 
C301d +C201e Expression (10) 

0.072 Under the above assumption, the potential Vlast 
(V) at the n-well diffusion region 102d after the connection 
Satisfies the following. 

Vlast&WDD-Vin Expression (11) 

0073. The potential at the n-well diffusion region 102d, 
which has dropped as described above, then rises to VDD 
(V) due to the PN junction with the source diffusion region 
102a. In this way, in the output state, the n-well diffusion 
region 102d always resumes the voltage VDD (V). Accord 
ingly, it is possible to prevent deterioration in current flow 
capability due to the back bias effect of the p-channel 
transistor 102 of the output part. 
0.074 Normally, C102d is a comparatively small value. 
Therefore, if the condition of Expression (10) is satisfied 
only with C201a, C201b and C301d, the capacitance 201e in 
FIG. 4 is unnecessary. 
0075 Thus, Embodiment 4 provides not only the effect of 
preventing deterioration in current flow capability due to the 
back bias effect of the p-channel transistor 102 of the output 
part because the n-well diffusion region 102d always 
resumes the Supply voltage VDD (V) in the output state, but 
also the effect of reducing the through current in the input 
State. 

0.076 The node N201 is at the ground voltage in the input 
state because the p-channel transistor 401c is turned OFF. 
Therefore, some delay time may preferably be provided for 
the inverter circuit 205 to avoid the n-well diff-usion region 
102d from being drawn to the ground voltage. 

Embodiment 5 

0077. In the input/output circuit of Embodiment 1, when 
a Voltage higher than the Supply Voltage internal to the LSI 
is applied to the input/output pad 103 in the input State, a 
Voltage exceeding the withstand Voltage may be applied to 
a transistor of the charge drawing circuit 101, and this may 
destroy the circuit. Embodiment 5 aims to overcome this 
problem. 

0078. As shown in FIG. 5, the input/output circuit of 
Embodiment 5 of the present invention includes an n-chan 
nel transistor 506 in addition to the components of the 
input/output circuit of Embodiment 1. The n-channel tran 
sistor 506 is connected between the n-diffusion region 102f 
of the p-channel transistor 102 and the charge drawing 
circuit 101, and receives the Supply voltage VDD internal to 
the LSI at its gate. 
0079. In this embodiment, as in Embodiment 1, even 
when a Voltage higher than the LSI internal Supply Voltage 
is input in the input State, the LSI is prevented from 
destruction due to flow of a forward current from the drain 
diffusion region 102c to the n-well diffusion region 102d. 
0080 AS for the charge drawing circuit 101, when a 
voltage VH (V) higher than the internal supply voltage is 
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applied to the input/output pad 103, the voltage VH (V) is 
also applied to the n-well diff-usion region 102d and the 
n-diffusion region 102f due to the PN junction between the 
drain diffusion 102c and the n-well diffusion region 102d. 
The gate of the n-channel transistor 506 receives the internal 
supply voltage VDD. Therefore, only a voltage VDD-Vtn 
(wherein Vitn (V) is the threshold of the n-channel transistor 
506) is applied to the charge drawing circuit 101. With this 
Voltage, which is lower than the internal Supply Voltage 
VDD (V), the charge drawing circuit 101 is not easily 
destroyed. Thus, in the inputState, Since only a Voltage lower 
than the LSI internal Supply Voltage is applied to the charge 
drawing circuit 101, the charge drawing circuit 101 is 
resistant to destruction. 

0081. In the output state, as in Embodiment 1, since the 
n-well diffusion region 102d always resumes VDD (V), it is 
possible to reduce deterioration in current flow capability 
due to the back bias effect of the p-channel transistor 102 of 
the output part. 

Embodiment 6 

0082) An input/output circuit of Embodiment 6 of the 
present invention, placed inside a Semiconductor integrated 
circuit (LSI), includes an input part and an output part. The 
input part receives a Signal from the outside of the LSI and 
passes the Signal to an internal circuit of the LSI. The output 
part receives a signal from an internal circuit of the LSI and 
outputs the signal to the outside of the LSI. 
0.083 FIG. 6 illustrates the output part of the input/output 
circuit of Embodiment 6. Referring to FIG. 6, the output 
part includes an n-channel transistor 602, a charge drawing 
circuit 601 and a control circuit 104. The n-channel transis 
tor 602 includes a source diffusion region 602a, a gate 602b, 
a drain diffusion region 602c, a p-well diffusion region 602d, 
a substrate 602e, a p-diffusion region 602f and device 
isolators 602g, 602h and 602i. The control circuit 104 
outputs an L-level (ground voltage level) control Signal CTL 
when the input/output circuit is in the output State and 
outputs an H-level (Supply voltage level) control Signal CTL 
when the input/output circuit is in the inputState. The charge 
drawing circuit 601 draws a charge from the p-well diffusion 
region 602d to the Supply voltage VDD via the p-diffusion 
region 602f when the control signal CTL is at the L level, 
and does not draw a charge when the control Signal CTL is 
at the H level. 

0084. For simplification of description, the input part and 
a p-channel transistor of the output part are omitted in FIG. 
6. A signal to be output externally is Supplied to the gates of 
the n-channel transistor 602 and the p-channel transistor 
directly or indirectly from an internal circuit of the LSI. 
0085. The input/output of signals into/from the LSI hav 
ing the input/output circuit shown in FIG. 6 is entirely 
performed via the input/output pad 103. 
0086 The source diffusion region 602a is grounded. 
Therefore, in the initial State, the potential at the p-well 
diffusion region 602d is as low as the ground Voltage due to 
the PN junction with the source diffusion region 602a. 
0087 Hereinafter, the operation of the input/output cir 
cuit having the above configuration will be described. 
0088 First, the case that the input/output circuit is in the 
input State (a signal from the outside of the LSI is input into 
an internal circuit of the LSI) will be described. 
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0089. In the above state, the control circuit 104 outputs 
the H-level control signal CTL. Receiving the H-level 
control Signal CTL, the charge drawing circuit 601 does not 
draw a charge. Therefore, the p-well diffusion region 602d 
is isolated from a power Supply node receiving the Supply 
voltage VDD. In this state, when a signal at a voltage VL(V) 
lower than the ground voltage VSS is input into the input/ 
output pad 103, the potential at the p-well diff-usion region 
602d drops to as low as VL (V) due to the PN junction with 
the drain diffusion region 602c. A current flows from the 
input/output pad 103 during the discharging of the p-well 
diffusion region 602d to VL (V). However, the current flow 
stops once the potential at the p-well diffusion region 602d 
reaches VL (V). Also, at this time, a reverse Voltage is 
applied to the PN junction between the p-well diffusion 
region 602d and the source diffusion region 602a. Therefore, 
no large current will flow between the p-well diffusion 
region 602d and the source diffusion region 602a. Accord 
ingly, the LSI having the input/output circuit shown in FIG. 
6 is prevented from destruction even when a Voltage lower 
than the ground voltage VSS is input into the LSI. 

0090 Next, the case that the input/output circuit is in the 
output state (a signal from an internal circuit of the LSI is 
output to the outside of the LSI) will be described. 
0.091 In the output state, the control circuit 104 outputs 
the L-level control signal CTL. Receiving the L-level con 
trol signal CTL, the charge drawing circuit 601 draws a 
charge from the p-well diffusion region 602d via the p-dif 
fusion region 602f Thus, a charge accumulated in the p-well 
diffusion region 602d is drawn to the Supply voltage VDD. 
The potential at the p-well diffusion region 602d therefore 
rises and once it is higher than the ground Voltage VSS, it 
resumes the ground voltage VSS due to the PN junction with 
the source diffusion region 602a. In this way, in the output 
state, the p-well diffusion region 602d always remains the 
ground Voltage VSS. Accordingly, it is possible to prevent 
deterioration in current flow capability due to the back bias 
effect of the n-channel transistor 602 of the output part. 
0092. It is important to draw a charge to the power supply 
node because if a charge having a potential lower than the 
ground Voltage is drawn to the ground node, the n-channel 
transistor connected to a ground Voltage line may possibly 
cause latch-up. 

Embodiment 7 

0093. The input/output circuit of Embodiment 7 of the 
present invention includes a charge drawing circuit 701 
shown in FIG. 7 in place of the charge drawing circuit 601 
shown in FIG. 6. The other components of the input/output 
circuit are the same as those of the input/output circuit of 
Embodiment 6. FIG. 7 illustrates an output part of the 
input/output circuit of Embodiment 7. Referring to FIG. 7, 
the charge drawing circuit 701 includes inverter circuits 705 
and 706, p-channel transistors 701a and 701b and a capaci 
tance 701e. The inverter circuit 705 inverts the control signal 
CTL from the control circuit 104. The inverter circuit 706 
inverts the output of the inverter circuit 705. The p-channel 
transistor 701a, connected between the p-diffusion region 
602f of the n-channel transistor 602 and a node N701, 
receives the output of the inverter circuit 706 at its gate. The 
p-channel transistor 701b, connected between the node 
N701 and a power Supply node receiving the Supply Voltage 
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VDD, receives the output of the inverter circuit 705 at its 
gate. The capacitance 701e is connected between the node 
N701 and a ground node receiving the ground voltage VSS. 

0094. Hereinafter, the operation of the input/output cir 
cuit with the above configuration will be described. 

0095 First, the case that the input/output circuit is in the 
input State (a signal from the outside of the LSI is input into 
an internal circuit of the LSI) will be described. 
0096. In the input state, the control circuit 104 outputs the 
H-level control signal CTL. Receiving the H-level signal, 
the inverter circuit 705 outputs an L-level signal. This turns 
the p-channel transistor 701b ON and the p-channel tran 
sistor 701a OFF. Therefore, the potential at the node N701 
becomes the H level, and the capacitance 701e is charged to 
the Supply voltage VDD (V). As a result, the charge drawing 
circuit 701 does not draw a charge, and thus the p-well 
diffusion region 602d of the n-channel transistor 602 is 
isolated from the power Supply node receiving the Supply 
voltage VDD. In this state, when a signal at a voltage VL(V) 
lower than the ground voltage VSS is input into the input/ 
output pad 103, the p-well diffusion region 602d drops to as 
low as VL(V) due to the PN junction with the drain diffusion 
region 602c. A current flows into the input/output pad 103 
during the discharging of the p-well diffusion region 602d to 
VL (V). However, the current flow stops once the potential 
at the p-well diffusion region 602d reaches VL (V). Also, at 
this time, a reverse Voltage is applied to the PN junction 
between the p-well diffusion region 602d and the source 
diffusion region 602a. Therefore, no large current will flow 
between the p-well diffusion region 602d and the source 
diffusion region 602a. Accordingly, the LSI having the 
input/output circuit shown in FIG. 7 is prevented from 
destruction even when a Voltage lower than the ground 
Voltage is input into the LSI. 

0097 Next, the case that the input/output circuit is in the 
output state (a signal from an internal circuit of the LSI is 
output to the outside of the LSI) will be described. 
0098. In the output state, the control circuit 104 outputs 
the L-level control signal CTL. Receiving the L-level Signal, 
the inverter circuit 705 outputs an H-level signal, and the 
inverter circuit 706 outputs an L-level signal. This turns the 
p-channel transistor 701b OFF and the p-channel transistor 
701a ON. Thus, the node N701 and the p-well diffusion 
region 602d are electrically connected via the p-channel 
transistor 701a. Suppose the diffusion parasitic capacitance 
values of the p-channel transistors 701a and 701b connected 
to the node N701 are C701a (F) and C701b (F), respectively, 
the capacitance value of the capacitance 701e is C701e (F), 
the parasitic capacitance value of the p-well diffusion region 
602d is C602d (F), and the total capacitance value Call7 (F) 
is as follows. 

0099 Call7–C701a+C701b+C701e+C602xpression (12) 

0100. The potential Vlast (V) at the p-well diffusion 
region 602d after the connection is calculated as follows, 
under the assumption that the p-channel transistor 701a 
remains ON until the final state. 

Vlast=C602d/Call7x VL+(Call7-C602d)/Call7xVDD Expression (13) 

0101 The condition under which the p-channel transistor 
701 a remains ON until the final state is as follows. 
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(-VL+Vip)/(VDD-Vip)xC602d-C701a+C701b+ 
CTO1e Expression (14) 

0102 wherein Vtp is the threshold voltage of the p-chan 
nel transistor 701a. ASSume that C701a--C701 b+C701e Sat 
isfies the above condition. Normally, C602d is a compara 
tively small value. Therefore, if the condition of Expression 
(14) is satisfied only with C701a and C701b, the capacitance 
701e in FIG. 7 is unnecessary. Under the above assumption, 
the Vlast (V) satisfies the following. 

Vlast> Vip 
0103) As described above, the potential at the p-well 
diffusion region 602d rises above the ground voltage. The 
potential at the p-well diffusion region 602d that has risen 
then drops to the ground voltage due to the PN junction with 
the source diffusion region 602a. In this way, in the output 
state, the p-well diffusion region 602d always resumes the 
ground Voltage. Accordingly, it is possible to prevent dete 
rioration in current flow capability due to the back bias effect 
of the n-channel transistor 602 of the output part. 

Expression (15) 

Embodiment 8 

0104. In the input/output circuit of Embodiment 7, the 
node N701 of the charge drawing circuit 701 is at the H level 
(Supply voltage level) in the input State. Therefore, when the 
State is Switched to the output State, part of the p-well 
diff-usion region 602d of the n-channel transistor 602 may 
possibly be at the Supply Voltage momentarily, and this may 
easily cause latch-up. Embodiment 8 aims to overcome this 
problem. 

0105. The input/output circuit of Embodiment 8 of the 
present invention includes a charge drawing circuit 801 
shown in FIG. 8 in place of the charge drawing circuit 701 
shown in FIG. 7. The other components of the input/output 
circuit are the same as those of the input/output circuit of 
Embodiment 7. FIG. 8 illustrates an output part of the 
input/output circuit of Embodiment 8. Referring to FIG. 8, 
the charge drawing circuit 801 includes the inverter circuits 
705 and 706, the p-channel transistors 701a and 701b, the 
capacitance 701e and an n-channel transistor 801d. The 
n-channel transistor 801d is connected between the node 
N701 and a ground node receiving the ground voltage VSS 
in parallel with the capacitance 701e, and receives a voltage 
at the node N701 at its gate. 
0106 Assume that the threshold voltage Vtn (V) of the 
n-channel transistor 801d and the threshold voltage Vtp (V) 
of the p-channel transistor 701a have the following relation 
ship. 

Vins Vip Expression (16) 

0107 Hereinafter, the operation of the input/output cir 
cuit with the above configuration will be described. 
0108 First, the case that the input/output circuit is in the 
input state (a signal from the outside of the LSI is input into 
an internal circuit of the LSI) will be described. 
0109. In the input state, the control circuit 104 outputs the 
H-level control signal CTL. Receiving the H-level signal, 
the inverter circuit 705 outputs an L-level signal, and the 
inverter circuit 706 outputs an H-level signal. This turns the 
p-channel transistor 701b ON and the p-channel transistor 
701a OFF. Therefore, the node N701 becomes the H level, 
and thus the n-channel transistor 801d is turned ON. With 
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the n-channel transistor 801d being turned ON, the potential 
at the node N701 drops. Finally, the n-channel transistor 
801d is turned OFF when the potential at the node N701 
reaches Vtn. Therefore, the charge drawing circuit 801 does 
not draw a charge, and thus the p-well diff-usion region 602d 
of the n-channel transistor 602 is isolated from the power 
Supply node. In this state, when a signal at a voltage VL (V) 
lower than the ground Voltage is input into the input/output 
pad 103, the potential at the p-well diffusion region 602d 
drops to as low as VL (V) due to the PN junction with the 
drain diffusion region 602c. A current flows into the input/ 
output pad 103 during the discharging of the p-well diffusion 
region 602d to VL(V). However, the current flow stops once 
the potential at the p-well diffusion region 602d reaches VL 
(V). Also, at this time, a reverse voltage is applied to the PN 
junction between the p-well diffusion region 602d and the 
Source diffusion region 602a. Therefore, no large current 
will flow between the p-well diffusion region 602d and the 
Source diffusion region 602a. Accordingly, the LSI having 
the input/output circuit shown in FIG. 8 is prevented from 
destruction even when a Voltage lower than the ground 
Voltage is input into the LSI. 

0110. Next, the case that the input/output circuit is in the 
output state (a signal from an internal circuit of the LSI is 
output to the outside of the LSI) will be described. 
0111. In the output state, the control circuit 104 outputs 
the L-level control signal CTL. Receiving the L-level Signal, 
the inverter circuit 705 outputs an H-level signal, and the 
inverter circuit 706 outputs an L-level signal. This turns the 
p-channel transistor 701b OFF. As for the p-channel tran 
sistor 701a, the gate potential is the ground voltage VSS and 
the Source potential is Vitn. Therefore, the gate-Source Volt 
age is Vtn. From the condition of Expression (16) above, the 
p-channel transistor 701a is turned ON, and the n-channel 
transistor 801d is OFF. Thus, the node N701 and the p-well 
diffusion region 602d are electrically connected via the 
p-channel transistor 701a. Suppose the diffusion parasitic 
capacitance values of the p-channel transistorS 701a and 
701b connected to the node N701 are C701a (F) and C701b 
(F), respectively, the Sum of the diffusion parasitic capaci 
tance value and the gate parasitic capacitance value of the 
n-channel transistor 801d connected to the node N701 is 
C801d (F), the capacitance value of the capacitance 701e is 
C701e (F), the parasitic capacitance value of the p-well 
diffusion region 602d is C602d (F), and the total capacitance 
value Call8 (F) is as follows. 

CaS-C701--C701--C801-C701e-C602d Expression (17) 

0112 The potential Vlast (V) at the p-well diffusion 
region 602d after the connection is calculated as follows, 
under the assumption that the p-channel transistor 701a 
remains ON until the final state. 

Vlast=(Call8–C602d)x Vin+C602dx VL)/Call8 Expression (18) 

0113. The condition under which the p-channel transistor 
701 a remains ON until the final state is as follows. 

C801--CTO1e Expression (19) 

0114) Assume that C701a+C701 b+C801d+C701e satis 
fies the above condition. Normally, C602d is a compara 
tively small value. Therefore, if the condition of Expression 
(19) is satisfied only with C701a, C701b and C801d, the 
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capacitance 701e in FIG. 8 is unnecessary. Under the above 
assumption, the Vlast (V) satisfies the following. 

Vlast>Vtp 

0115 AS described above, the potential at the p-well 
diffusion region 602d rises above the ground voltage. The 
potential at the p-well diff-usion region 602d that has risen 
then drops to the ground voltage due to the PN junction with 
the source diffusion region 602a. In this way, in the output 
state, the p-well diffusion region 602d always resumes the 
ground Voltage. Accordingly, it is possible to prevent dete 
rioration in current flow capability due to the back bias effect 
of the n-channel transistor 602 of the output part. 
0116. In the input state, the node N701 is at a potential 
lower than the Supply Voltage. Therefore, a Voltage lower 
than the Supply Voltage is applied to the p-well diffusion 
region 602d when the state is switched to the output state. 
Thus, latch-up will not easily occur. 

Expression (20) 

0117. Due to the existence of the inverter circuit 706, the 
p-channel transistors 701a and 701b may momentarily be 
turned ON simultaneously when the state is Switched from 
the output State to the input State. In Such an event, however, 
the potential at the p-well diffusion region 602d is prevented 
from rising to Vtn or higher due to the discharging by the 
p-channel transistor 801d. This suppresses occurrence of 
latch-up. 

Embodiment 9 

0118. In the input/output circuit of Embodiment 8, a 
through current flows along the route of the power Supply 
node-the p-channel transistor 701b the n-channel tran 
sistor 801d the ground node in the input state. Embodi 
ment 9 aims to overcome this problem. 
0119) The input/output circuit of Embodiment 9 of the 
present invention includes a charge drawing circuit 901 
shown in FIG. 9 in place of the charge drawing circuit 801 
shown in FIG.8. The other components of the input/output 
circuit are the same as those of the input/output circuit of 
Embodiment 8. FIG. 9 illustrates an output part of the 
input/output circuit of Embodiment 9. Referring to FIG. 9, 
the charge drawing circuit 901 includes the inverter circuits 
705 and 706, the p-channel transistors 701a and 701b, the 
capacitance 701e, the n-channel transistor 801d and an 
n-channel transistor 901c. The n-channel transistor 901c is 
connected in series with the n-channel transistor 801d 
between the node N701 and the ground node, and receives 
the output of the inverter circuit 705 at its gate. Assume that 
the threshold voltage Vtn (V) of the n-channel transistor 
801d and the threshold voltage Vtp (V) of the p-channel 
transistor 701 a have the following relationship. 

Vins Vip Expression (21) 

0120 Hereinafter, the operation of the input/output cir 
cuit with the above configuration will be described. 
0121 AS in Embodiment 8, the LSI is prevented from 
destruction even when a Voltage lower than the ground 
Voltage is input into the LSI in the input State. In addition, 
in this embodiment, since the control signal CTL is at the H 
level in this state and the inverter circuit 705 outputs an 
L-level signal, the n-channel transistor 901c receiving this 
Signal at its gate is turned OFF. Thus, the through current 
flowing along the route of the power Supply node-the 
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p-channel transistor 701b the n-channel transistor 801d 
the ground node can be reduced. 

0122) Next, the case that the input/output circuit is in the 
output state will be described. 
0123 Suppose the diffusion parasitic capacitance values 
of the p-channel transistors 701a and 701b connected to the 
node N701 are C701a (F) and C701b (F), respectively, the 
Sum of the diffusion parasitic capacitance value and the gate 
parasitic capacitance value of the n-channel transistor 801d 
connected to the node N701 is C801d (F), the capacitance 
value of the capacitance 701e is C701e (F), and the parasitic 
capacitance value of the p-well diffusion region 602d is 
C602d (F). Suppose also C701a+C701b+C801d+C701e sat 
isfies the following. 

C801--CTO1e Expression (22) 

0124 Under this condition, the Vlast (V) of the p-well 
diffusion region 602d after the connection satisfies the 
following. 

Vlast> Vtp 

0.125 The potential at the p-well diffusion region 602d, 
which has risen as described above, then drops to the ground 
voltage due to the PN junction with the source diffusion 
region 602a. Thus, in the output state, the p-well diffusion 
region 602d always resumes the ground voltage VSS. In this 
way, it is possible to prevent deterioration in current flow 
capability due to the back bias effect of the n-channel 
transistor 602 of the output part. 

Expression (23) 

0.126 Normally, C602d is a comparatively small value. 
Therefore, if the condition of Expression (22) is satisfied 
only with C701a, C701b and C801d, the capacitance 701e in 
FIG. 9 is unnecessary. 

0127 Thus, Embodiment 9 provides not only the effect of 
preventing deterioration in current flow capability due to the 
back bias effect of the n-channel transistor 602 of the output 
part because the p-well diffusion region 602d always 
resumes the ground Voltage in the output State, but also the 
effect of reducing the through current in the input State. 

0128. The node N701 is at the supply voltage in the input 
state because the n-channel transistor 901c is turned OFF. 
Therefore, some delay time may preferably be provided for 
the inverter circuit 705 to avoid the p-well diffusion region 
602d from being drawn to the Supply voltage. 

Embodiment 10 

0129. In the input/output circuit of Embodiment 6, when 
a Voltage lower than the ground Voltage is applied to the 
input/output pad 103 in the input State, a Voltage exceeding 
the withstand Voltage may be applied to a transistor of the 
charge drawing circuit 601, and this may destroy the circuit. 
Embodiment 10 claims to overcome this problem. 

0130. As shown in FIG. 10, the input/output circuit of 
Embodiment 10 of the present invention includes a p-chan 
nel transistor A06 in addition to the components of the 
input/output circuit of Embodiment 6. The p-channel tran 
sistor A06 is connected between the p-diffusion region 602f 
of the n-channel transistor 602 and the charge drawing 
circuit 601, and receives the ground voltage VSS at its gate. 
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0131. In this embodiment, as in Embodiment 6, even 
when a Voltage lower than the ground Voltage is input in the 
input state, the LSI is prevented from destruction due to flow 
of a forward current from the drain diffusion region 602c to 
the p-well diffusion region 602d 
0.132. As for the charge drawing circuit 601, when a 
voltage VL (V) lower than the ground Voltage is applied to 
the input/output pad 103, the voltage VL (V) is also applied 
to the p-well diffusion region 602d and the p-diffusion 
region 602f due to the PN junction between the drain 
diffusion 602c and the p-well diffusion region 602d. The 
gate of the p-channel transistor AO6 is grounded. Therefore, 
only a voltage IVtp I (wherein Vtp is the threshold of the 
p-channel transistor A06) is applied to the charge drawing 
circuit 601. With this voltage, which is higher than the 
ground Voltage, the charge drawing circuit 601 is not easily 
destroyed. Thus, in the input State, Since only a Voltage 
higher than the ground Voltage is applied to the charge 
drawing circuit 601, the charge drawing circuit 601 is 
resistant to destruction. 

0133. In the output state, as in Embodiment 6, since the 
p-well diffusion region 602d always resumes the ground 
Voltage, it is possible to reduce deterioration in current flow 
capability due to the back bias effect of the n-channel 
transistor 602 of the output part. 
0134) While the present invention has been described in 
a preferred embodiment, it will be apparent to those skilled 
in the art that the disclosed invention may be modified in 
numerous ways and may assume many embodiments other 
than that Specifically Set out and described above. Accord 
ingly, it is intended by the appended claims to cover all 
modifications of the invention which fall within the true 
Spirit and Scope of the invention. 

1-20. (Cancelled) 
21. An input/output circuit of a Semiconductor integrated 

circuit, comprising: 
a first p-channel transistor connected to an input/output 
pad of the Semiconductor integrated circuit; and 

a charge drawing circuit for drawing a charge from an 
n-well diffusion region of the first p-channel transistor 
when the input/output circuit is in an output State. 

22. An input/output circuit of a Semiconductor integrated 
circuit, comprising: 

a first p-channel transistor connected to an input/output 
pad of the Semiconductor integrated circuit; 

a charge drawing circuit for drawing a charge from an 
n-well diffusion region of the first p-channel transistor; 
and 

a n-channel transistor connected between the n-well dif 
fusion region of the first p-channel transistor and the 
charge drawing circuit. 
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23. An input/output circuit of a Semiconductor integrated 
circuit, comprising: 

a first n-channel transistor connected to an input/output 
pad of the Semiconductor integrated circuit; and 

a charge drawing circuit for drawing a charge from a 
p-well diffusion region of the first n-channel transistor 
when the input/output circuit is in an output State. 

24. The input/output circuit of claim 23, further compris 
ing: 

a p-channel transistor connected between the p-well dif 
fusion region of the first n-channel transistor and the 
charge drawing circuit. 

25. An input/output circuit for Outputting a signal from an 
internal circuit of a Semiconductor integrated circuit to an 
input/output pad of the Semiconductor integrated circuit, 
comprising: 

a first p-channel transistor connected between a power 
Supply node receiving a Supply Voltage internal to the 
Semiconductor integrated circuit and the input/output 
pad, a gate of the first p-channel transistor receiving a 
Signal from an internal circuit of the Semiconductor 
integrated circuit directly or indirectly; and 

a charge drawing circuit for drawing a charge from an 
n-well diffusion region of the first p-channel transistor 
to a ground node receiving a ground Voltage when the 
input/output circuit outputs the signal from the internal 
circuit to the input/output pad. 

26. An input/output circuit for Outputting a signal from an 
internal circuit of a Semiconductor integrated circuit to an 
input/output pad of the Semiconductor integrated circuit, 
comprising: 

a first n-channel transistor connected between a ground 
node receiving a ground Voltage and the input/output 
pad, a gate of the first n-channel transistor receiving a 
Signal from an internal circuit of the Semiconductor 
integrated circuit directly or indirectly; and 

a charge drawing circuit for drawing a charge from a 
p-well diffusion region of the first n-channel transistor 
to a power Supply node receiving a Supply Voltage 
internal to the Semiconductor integrated circuit when 
the input/output circuit outputs the Signal from the 
internal circuit to the input/output pad. 

27. The input/output circuit of claim 21, wherein the 
charge drawing circuit draws the charge from the n-well 
diffusion region to a ground node. 

28. The input/output circuit of claim 23, wherein the 
charge drawing circuit draws the charge from the p-well 
diffusion region to a power Supply node. 


