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(57) ABSTRACT 

The output circuit of the present invention Which produces 
an external signal at a ?rst voltage from a internal signal at 
a reduced second voltage and Which outputs the external 
signal from an output terminal, comprises: ?rst and second 
MOS transistors having drains connected to the output 
terminal, and having gates connected to a control signal line; 
a third MOS transistor having a source connected to a poWer 
source of the ?rst voltage, and having a drain connected to 
a source of the ?rst MOS transistor; a fourth MOS transistor 
having a source connected to a ground, having a drain 
connected to a source of the second MOS transistor, and 
having a gate connected to an internal signal line; a voltage 
changer, Which changes the voltage of the internal signal, 
connected to the gate of the third MOS transistor; a ?rst 
capacitor connected betWeen a gate of the ?rst MOS tran 
sistor and a gate of the third MOS transistor; and a second 
capacitor connected betWeen a gate of the second MOS 
transistor and a gate of the fourth MOS transistor. 
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INPUT CIRCUIT AND OUTPUT CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device Which has an internal voltage reduction circuit for 
providing an internal voltage by reducing an external volt 
age. 

[0003] 2. Description of the Related Art 

[0004] Recently, the degree of integration of semiconduc 
tor integrated circuits has increased. MOS transistors have 
become smaller in order to provide many functions in one 
chip. 

[0005] The accuracy of processing machines has also 
improved, and therefore the siZe of MOS transistors can be 
easily reduced. 

[0006] HoWever, as the MOS transistors become smaller, 
a source voltage for circuits Which comprise semiconductor 
integrated circuits, that is, the voltage of an external poWer 
source supplied to the internal circuit of the semiconductor 
integrated circuit, may be more likely to deteriorate the 
internal MOS transistors. 

[0007] Although the siZe of the MOS transistor is being 
reduced, the operating voltage of the MOS transistors has 
not changed (it has is not been reduced). Therefore, the 
voltage can exceed the Withstand voltage of the MOS 
transistors, reducing the reliability. 

[0008] The operating voltage of the MOS transistor is set 
according to standards (or Working conditions) indepen 
dently from the reduced siZe of the MOS transistors. Since 
the siZe of MOS transistors is being reduced, the standards 
for semiconductor integrated circuits using the MOS tran 
sistors should be revised. HoWever, the operating voltage 
according to the standards have not been reduced. 

[0009] Therefore, as shoWn in FIG. 9, an internal voltage 
reduction circuit 100 provided in the semiconductor inte 
grated circuit reduces the voltage VEX (for example, 3.3 V) 
from an external poWer source to an internal voltage VINT 
(for example, 2.0 V) Which meets the Withstand voltage of 
the reduced MOS transistors, and supplies the internal 
voltage to the internal circuit 101. 

[0010] Thus, the electric poWer consumption can be 
reduced in the operation of the semiconductor integrated 
circuit. 

[0011] HoWever, the input circuit 102 and the output 
circuit 103 must be capable of Withstanding the voltage VEX 
from the external poWer source. 

[0012] That is, in a p-channel MOS transistor 104 in the 
input circuit 102, When the voltage of an input signal IN is 
at the H level, the Withstand voltage betWeen a drain With a 
substrate and a gate is exceeded. When the voltage of the 
input signal IN is at the L level, the Withstand voltage 
betWeen a source and the gate is exceeded. 

[0013] In an n-channel MOS transistor in the input circuit 
102, When the voltage of the input signal IN is at the H level, 
the Withstand voltage betWeen the source and the gate is 
exceeded, and When the voltage of the input signal IN is at 
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the L level, the Withstand voltage betWeen the drain With a 
substrate and the gate is exceeded. 

[0014] Similarly, in a p-channel MOS transistor 106 in the 
output circuit 103, When a signal INO is at the H level, the 
Withstand voltage betWeen the source and the gate is 
exceeded, and When the signal INO is at the L level, the 
Withstand voltage betWeen the drain With a substrate and the 
gate is exceeded. 

[0015] In an n-channel MOS transistor 107 in the input 
circuit 103, When the signal INO is at the H level, the 
Withstand voltage betWeen a source and a gate is exceeded, 
and When the signal INO is at the L level, the Withstand 
voltage betWeen a drain With a substrate and a gate is 
exceeded. The voltage of the signal INO at the H level is 
changed from the internal voltage VINT to the external 
voltage VEX by a level shift circuit 108. 

[0016] Thus, the input circuit 102 and the output circuit 
103 must be capable of the voltage VEX of the external 
poWer source to send and receive signals to and from an 
external circuit. 

[0017] Therefore, for the MOS transistor to have a gate 
Which Withstands the voltage VEX of the external poWer 
source, the oxide ?lm of the gate of the MOS transistor must 
have a thickness Which alloWs it to Withstand the voltage 
VEX of the external poWer source. 

[0018] According to the above structure, the semiconduc 
tor integrated circuit has input circuit 102 and output circuit 
103 With gates Which can Withstand the voltage of the 
external poWer source. 

[0019] HoWever, the process for manufacturing the semi 
conductor integrated circuit must produce tWo kinds of MOS 
transistors. One of the MOS transistors has a thin gate oxide 
?lm (With a thickness of 4 nm), While the other MOS 
transistor has a thick gate oxide ?lm (With a thickness of 9 

nm). 
[0020] Because tWo kinds of gate oxide ?lms With differ 
ent thicknesses must be produced, at least four extra steps 
are required as compared With the normal manufacturing 
process for producing gate oxide ?lms With the same thick 
ness. Therefore, the manufacturing costs are increased, and 
the price of the produced chip is also disadvantageously 
increased. 

[0021] To solve this problem, a circuit structure in Which 
the gate oxide ?lms in the MOS transistors Which constitute 
the input circuit and the output circuit and the gate oxide 
?lms in the MOS transistors Which constitute the internal 
circuit have the same thickness has been proposed. 

[0022] In the input circuit shoWn in FIG. 10, the voltage 
reduction circuit 115 reduces the external voltage VEX to 
the internal voltage VINT, and supplies the voltage VINT to 
the internal circuit. When the voltage of the input signal IN 
is at the L level, the voltage of a source and a gate of a 
p-channel MOS transistor 110 is Within the Withstand volt 
age. Thus, the Withstand voltage is satis?ed. 

[0023] Because a p-channel transistor 112 Whose gate is 
connected to ground is inserted betWeen a MOS transistor 
110 and an n-channel MOS transistor 113, the voltage at the 
drain of the MOS transistor 110 is reduced. When the 
voltage of the input signal IN is at the H level, the voltage 
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between the drain and the gate of the MOS transistor 110 is 
Within the Withstand voltage. Thus, the Withstand voltage is 
satis?ed. 

[0024] The phrase “the voltage is Within the Withstand 
voltage (satisfy the Withstand voltage)” means that a voltage 
less than the Withstand voltage of the gate oxide ?lm of the 
MOS transistor is applied betWeen a gate and a source (or a 

drain). 
[0025] Similarly, an n-channel MOS transistor 114 is 
inserted betWeen a gate of an n-channel MOS transistor 113 
and an input terminal 116 (Which is connected to an external 
pad). 
[0026] When the input signal IN is at the H level, the 
voltage of the signal at the H level (the voltage VEX of the 
external poWer source) applied to the gate of the MOS 
transistor 113 is reduced to VEX-VTN by a threshold 
voltage VTN of a MOS transistor 114 so that the voltage 
betWeen the gate and the source of the MOS transistor 113 
is Within the Withstand voltage. 

[0027] When the input signal IN is at the L level, the 
voltage of the signal at the L level (the ground level) applied 
to the gate of the MOS transistor 113 is increased to VTP by 
the threshold voltage VTP of the MOS transistor 114, and 
the voltage applied to the drain is changed to the internal 
voltage VINT by a voltage reduction circuit 115. Thus, the 
Withstand voltage of the gate and the drain of the MOS 
transistor 113 is satis?ed. 

[0028] In the output circuit shoWn in FIG. 11, a p-channel 
MOS transistor 120, a p-channel MOS transistor 121, an 
n-channel transistor 122, and an n-channel MOS transistor 
123 are connected in series. 

[0029] The source of the MOS transistor 120 is connected 
to a terminal at an external voltage VEX. The signal SB 
output from the level shifter 125 is input to the gate of the 
MOS transistor 120. The drain of the MOS transistor 120 is 
connected to a source of the MOS transistor 121. 

[0030] The control signal SP at a voltage VSP is continu 
ously input from the reference poWer source 126 to the gate 
of the MOS transistor 121. the control signal SN at a voltage 
VSN is continuously input from the reference poWer source 
126 to the gate of the MOS transistor 122. 

[0031] When the MOS transistor 120 is turned on, the 
voltage VSP of the control signal SP sets the voltage 
betWeen the gate and the source (or the drain) of the MOS 
transistor 121 to less than the Withstand voltage of the gate 
oxide ?lrn, and turns on the MOS transistor 121. 

[0032] Similarly, When the MOS transistor 123 is turned 
off, the voltage VSN of the control signal SN sets the voltage 
betWeen the gate and the source (or the drain) of the MOS 
transistor 122 to less than the Withstand voltage of the gate 
oxide ?lrn, and turns on the MOS transistor 122. 

[0033] A signal SB Which has been changed from the 
voltage of the signal SA by the level shifter 125 is input to 
the gate of the MOS transistor 120. The level shifter 125 has 
changed the signal SA at the H level Which is the internal 
voltage VINT from the internal circuit to the voltage VEX 
at the H level, and has changed the signal SA at the L level 
Which is the ground voltage from the internal circuit to the 
voltage VL at the L level. 
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[0034] The voltage VL sets the voltage betWeen the gate 
and the drain (or the source) of the MOS transistor 120 to 
less than the Withstand voltage of the gate oxide ?lrn, and is 
a voltage for turning on the MOS transistor 120. 

[0035] When the signal SA at the H level is input While the 
MOS transistors 121 and 122 are in the ON-state, the signal 
SB is increased to the H level so that the MOS transistor 120 
is turned off, the signal SA is changed to the H level Which 
is the internal voltage VINT so that the MOS transistor 123 
is turned on, and the output circuit outputs an output signal 
OUT at the L level Which is the ground level. 

[0036] When the signal SA at the L level is input While the 
MOS transistors 121 and 122 are in the ON-state, the signal 
SB is changed to the voltage VL so that the MOS transistor 
120 is turned on, the signal SA is changed to the L level so 
that the MOS transistor 123 is turned off, and the output 
circuit outputs the output signal OUT at the H level Which 
is the external voltage VEX. 

[0037] In the above-mentioned input circuit, the MOS 
transistor 114 for reducing the voltage VEX of the externally 
input signal IN is inserted betWeen the gate of the MOS 
transistor 113 and the input terminal 116. Therefore, the 
rising and loWering of the signal applied to the gate of the 
MOS transistor 113 are sloW, and the voltage applied to the 
gate of the MOS transistor 113 is loWered to VINT-VTN by 
the threshold voltage of the MOS transistor 114, delaying the 
supply of the signal INS to the internal circuit. Thus, there 
is the problem in that the operating speed of the sernicon 
ductor integrated circuit is decreased. 

[0038] That is, the rising of the input signal IN from the L 
level to the H level, and the loWering of the input signal IN 
from the H level to the L level Which are the variations of the 
signal level input to the gate of the MOS transistor 113 are 
delayed by a time constant determined by the resistance 
component of the MOS transistor 114 and the gate capacity 
of the MOS transistor 113. 

[0039] In the above-mentioned output circuit, When the 
voltage level of the output signal OUT is changed from the 
L level to the H level, the voltages at the drain and the source 
of the MOS transistor 121 are suddenly increased. Then, 
because of the parasitic capacitance of the gate and the 
source of the MOS transistor 121, as the voltages at the drain 
and the source are increased, the voltage VSP of the control 
signal SP is increased, the MOS transistor 121 is turned off, 
and therefore the rise of the output signal OUT from the L 
level to the H level is disadvantageously delayed. 

[0040] The parasitic capacitance of the gate and source 
includes a capacitance component of the overlapping section 
of the source electrode and the gate electrode of the MOS 
transistor, and a capacitance cornponent betWeen the sides of 
the source electrode and the gate electrode. 

[0041] Further, in the above-mentioned output circuit, 
When the voltage level of the output signal OUT is changed 
from the H level to the L level, the voltage at the drain of the 
MOS transistor 122 is reduced. Then, because of the para 
sitic capacitance of the gate and the drain of the MOS 
transistor 122, as the voltage VSN of the control signal SN 
is decreased, the MOS transistor 122 is turned off, and 
therefore the rise of the output signal OUT from the H level 
to the L level is disadvantageously delayed. 
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[0042] To prevent the variations of the voltages VSP and 
VSN in the above-mentioned output circuit, the performance 
for driving the control signals SP and SN in the reference 
poWer source may be increased. HoWever, this method 
signi?cantly increases the electric poWer consumption of the 
reference poWer source 126. 

BRIEF SUMMARY OF THE INVENTION 

[0043] It is therefore an object of the present invention to 
provide a semiconductor device Which does not increase the 
number of steps in the manufacturing process, Which elimi 
nates delays in the input and output signals, and Which 
improves the reliability of the input circuit and the output 
circuit. 

[0044] In the ?rst aspect of the present invention, the 
output circuit Which produces an external signal at a ?rst 
voltage from an internal signal at a reduced second voltage 
and Which outputs the external signal from an output ter 
minal, comprises: ?rst and second MOS transistors having 
drains connected to the output terminal, and having gates 
connected to a control signal line; a third MOS transistor 
having a source connected to a poWer source of the ?rst 
voltage, and having a drain is connected to a source of the 
?rst MOS transistor; a fourth MOS transistor having a 
source is connected to a ground, having a drain connected to 
a source of the second MOS transistor, and of Which gate is 
connected to an internal signal line; a voltage changer, Which 
changes the voltage of the internal signal, connected to the 
gate of the third MOS transistor; a ?rst capacitor connected 
betWeen a gate of the ?rst MOS transistor and a gate of the 
third MOS transistor; and a second capacitor connected 
betWeen a gate of the second MOS transistor and a gate of 
the fourth MOS transistor. 

[0045] In the second aspect of the present invention, the 
?rst, second, third, and fourth MOS transistors, the voltage 
changer, the ?rst and second capacitor are formed in a 
semiconductor integrated circuit. 

[0046] In the third aspect of the present invention, a 
capacitance of the ?rst capacitor is the same as a parasitic 
capacitance betWeen the gate and the drain of the ?rst MOS 
transistor, and a capacitance of the second capacitor is the 
same as a parasitic capacitance betWeen the gate and the 
drain of the second MOS transistor. 

[0047] In the fourth aspect of the present invention, the 
voltage changer outputs the control signal at the ?rst voltage 
When the internal signal is at the ground voltage, and outputs 
the control signal at a voltage less than a Withstand voltage 
of a gate oxide ?lm When the internal signal at the second 
voltage. 

[0048] In the ?fth aspect of the present invention, the 
output circuit Which produces an external signal at a ?rst 
voltage from an internal signal at a reduced second voltage 
and Which outputs the external signal from an output ter 
minal, comprises: ?rst and second MOS transistors having 
drains connected to the output terminal, and having gates 
connected to a control signal line; a third MOS transistor 
having a source connected to a poWer source of the ?rst 
voltage, and having a drain connected to a source of the ?rst 
MOS transistor; a fourth MOS transistor having a source is 
connected to a ground, having a drain connected to a source 
of the second MOS transistor, and having a gate connected 
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to an internal signal line; a voltage changer, Which changes 
the voltage of the internal signal, connected to the gate of the 
third MOS transistor; a ?rst diode connected betWeen a gate 
of the ?rst MOS transistor and a gate of the third MOS 
transistor; and a second diode connected betWeen a gate of 
the second MOS transistor and a gate of the fourth MOS 
transistor. 

[0049] In the sixth aspect of the present invention, the ?rst, 
second, third, and fourth MOS transistors, the voltage 
changer, the ?rst and second diodes are formed in a semi 
conductor integrated circuit. 

[0050] In the seventh aspect of the present invention, the 
number of the ?rst diodes connected in series is adjusted 
depending on a difference in voltage betWeen the gate of the 
third transistor and the gate of the ?rst transistor, and the 
number of the second diodes connected in series is adjusted 
depending on a difference in voltage betWeen the gate of the 
second transistor and the gate of the third transistor. 

[0051] In the eighth aspect of the present invention, the 
voltage changer outputs the control signal at the ?rst voltage 
When the internal signal is at the ground voltage, and outputs 
the control signal at a voltage less than a Withstand voltage 
of a gate oxide ?lm When the internal signal at the second 
voltage. 

[0052] In the ninth aspect of the present invention, the 
input circuit Which produces a internal signal at a reduced 
second voltage from an external signal at a ?rst voltage and 
Which inputs the internal signal to an input terminal, com 
prises: a ?rst MOS transistor having a source connected to 
a ?rst terminal at the second voltage, and having a gate 
connected to the input terminal; a second MOS transistor 
having a source connected to a drain of the ?rst MOS 
transistor, and having a gate connected to a ground; a third 
MOS transistor having a drain connected to a drain of the 
second MOS transistor, and having a source connected to the 
ground; a fourth MOS transistor having a source connected 
to a gate of the third MOS transistor, having a gate con 
nected to a line at the second voltage, and having a drain 
connected to the input terminal; and a capacitor connected 
betWeen a gate of the third MOS transistor and the input 
terminal. 

[0053] In the tenth aspect of the present invention, the 
?rst, second, third, and fourth MOS transistors, and the 
capacitor are formed in a semiconductor integrated circuit. 

[0054] In the eleventh aspect of the present invention, the 
input circuit further comprises a diode connected betWeen 
the gate of the third MOS transistor and the input terminal 
in parallel to the capacitor. 

[0055] In the tWelfth aspect of the present invention, the 
input circuit further comprises a diode connected betWeen a 
poWer source of the ?rst voltage and the ?rst terminal. 

[0056] In the thirteenth aspect of the present invention, a 
capacitance of the capacitor is set so that a voltage betWeen 
the gate and the source, or the drain, of the third MOS 
transistor does not exceed a Withstand voltage of a gate 
oxide ?lm When the input terminal is increased to the ?rst 
voltage. 

[0057] According to the output circuit of the present 
invention, the ?rst and second capacitors transmit the varia 
tions of the control signal and the internal signal to the gates 
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of the ?rst and second MOS transistors. Therefore, varia 
tions (increases or decreases) of the voltages of the gates of 
the ?rst and second MOS transistors can be prevented. Thus, 
the operation of the ?rst and second MOS transistors is 
stabilized, the delay betWeen a change in the internal signal 
and a change in the external signal is shortened, and the 
operating speed can be increased. 

[0058] According to the input circuit of the present inven 
tion, the capacitor alloWs the voltage at the gate of the third 
MOS transistor (23) to folloW the change of the voltage of 
the input signal. The sWitching ON or OFF of the third MOS 
transistor can be performed at a high speed. Thus, the delay 
betWeen a change in the internal signal and a change in the 
external signal is shortened, and the operating speed can be 
increased. 

[0059] As a result, the number of steps in the manufac 
turing process can be reduced (four steps can be eliminated) 
as compared With the process for manufacturing the con 
ventional integrated circuit With MOS transistors With dif 
ferent thicknesses of the input circuit and the output circuit. 
Therefore, the production time can be shortened, the manu 
facturing costs can be reduced, and the prices of the chips 
can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0060] FIG. 1 is a block diagram shoWing the output 
circuit of the ?rst embodiment of the present invention. 

[0061] FIG. 2 is a timing chart shoWing the operation of 
the output circuit of the ?rst embodiment of the present 
invention. 

[0062] FIG. 3 is a block diagram shoWing the output 
circuit of the second embodiment of the present invention. 

[0063] FIG. 4 is a timing chart shoWing the operation of 
the output circuit of the second embodiment of the present 
invention. 

[0064] FIG. 5 is a block diagram shoWing the input circuit 
of the third embodiment of the present invention. 

[0065] FIG. 6 is a timing chart shoWing the operation of 
the input circuit of the third embodiment of the present 
invention. 

[0066] FIG. 7 is a block diagram shoWing the input circuit 
of the fourth embodiment of the present invention. 

[0067] FIG. 8 is a timing chart shoWing the operation of 
the input circuit of the fourth embodiment of the present 
invention. 

[0068] FIG. 9 is a conceptual diagram shoWing a conven 
tional semiconductor integrated circuit having a reduction 
circuit for reducing an internal voltage. 

[0069] FIG. 10 is a block diagram shoWing the structure 
of the conventional input circuit. 

[0070] FIG. 11 is a block diagram shoWing the structure 
of the conventional output circuit. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0071] The embodiments of the present invention Will be 
explained With reference to the draWings. 
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First Embodiment 

[0072] FIG. 1 is a block diagram shoWing the structure of 
the output circuit of the ?rst embodiment of the present 
invention. The output circuit O1 is used instead of the output 
circuit 103 in the semiconductor integrated circuit. Avoltage 
VEX is supplied from an external poWer source through an 
external terminal to the semiconductor integrated circuit. An 
internal voltage reduction circuit 100 changes the voltage 
VEX into an internal voltage VINT, Which is output as a 
voltage for driving an internal circuit 101. 

[0073] In FIG. 1, in the output circuit O1, a p-channel 
MOS transistor 1, a p-channel MOS transistor 2, an n-chan 
nel MOS transistor 3, and an n-channel MOS transistor 4 are 
connected in series. The gate oxide ?lms of the MOS 
transistors have the same thickness as those of the MOS 
transistors in the internal circuit 101. 

[0074] That is, the MOS transistors in the internal circuit 
101 are formed by the gate oxide ?lms With a thickness 
corresponding to the scaling laW for he ?ne structure. The 
internal voltage circuit 100 reduces the external voltage 
VEX to an internal voltage VINT Which does not exceed the 
Withstand voltage of the gate oxide ?lm of the MOS tran 
sistor in the internal circuit 101. 

[0075] The source of the MOS transistor 1 is connected to 
a terminal of an external poWer source for supplying the 
voltage VEX. Alevel shifter 5 outputs a signal SB to the gate 
of the MOS transistor 1. The drain of the MOS transistor 1 
is connected to the source of the MOS transistor 2. 

[0076] The drain of the MOS transistor 2 is connected to 
the drain of the MOS transistor 3. The connecting point of 
the drain of the MOS transistor 2 and the drain of the MOS 
transistor 3 is connected to an external terminal TO. The 
output circuit O1 changes the voltage of the internal signal 
SA into a signal DOUT, and outputs the signal DOUT from 
the external terminal TO. 

[0077] A control signal at a voltage VRP is continuously 
input from a micro electric current poWer source 6 to the 
gate of the MOS transistor 2, and a control signal RN at a 
voltage VRN is continuously input from the micro electric 
current poWer source 6 to the gate of the MOS transistor 3. 

[0078] The drain of the MOS transistor 4 is connected to 
the source of the MOS transistor 3, a signal SA is input to 
the gate of the MOS transistor 4, and the source of the MOS 
transistor 4 is connected to the ground. 

[0079] When the MOS transistor 1 is in the ON-state, the 
voltage VRP of the control signal RP sets the voltage 
betWeen the gate and the source (or, the drain) of the MOS 
transistor 2 to less than the Withstand voltage of the gate 
oxide ?lm of the MOS transistor 2, and turns on the MOS 
transistor 2. 

[0080] The Withstand voltage means the upper limit of an 
alloWable voltage Which ensures the reliability of the gate 
oxide ?lm. 

[0081] Similarly, When the MOS transistor 4 is in the 
OFF-state, the voltage VRN of the control signal RN sets the 
voltage betWeen the gate and the drain (or, the source) of the 
MOS transistor 3 to less than the Withstand voltage of the 
gate oxide ?lm of the MOS transistor 3, and turns on the 
MOS transistor 3. 
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[0082] The level shifter 5 comprises a p-channel MOS 
transistor 5a, a diode 5c, and an n-channel MOS transistor 
56 Which are connected in series, a p-channel MOS transis 
tor 5b, a diode 5d, and an n-channel MOS transistor 5fWhich 
are connected in series, and an inverter 5g for inverting the 
signal SA. 

[0083] That is, the source of the MOS transistor 5a is 
connected to the terminal of the external poWer source for 
supplying the voltage VEX, the gate of the MOS transistor 
5a is connected to the drain of the MOS transistor 5b, and 
the source of the MOS transistor 5a is connected to the 
anode of the diode 5c. 

[0084] The diode 5c is inserted to set the L level of the 
signal SB to the voltage V. The cathode of the diode 5c is 
connected to the drain of the MOS transistor 56. 

[0085] Because the gate of the MOS transistor 56 is 
connected to the output terminal of the inverter 5g, the gate 
receives a signal Which is an inversion of the signal SA. The 
source of the MOS transistor 56 is connected to the ground. 

[0086] The source of the MOS transistor 5b is connected 
to the terminal of the external poWer source for supplying 
the voltage VEX, the gate of the MOS transistor 5b is 
connected to the drain of the MOS transistor 5a, and the 
source of the MOS transistor 5b is connected to the anode of 
the diode 5d. 

[0087] The diode 5a' is inserted to set the L level of a signal 
SC to the voltage VL. The cathode of the diode 5a' is 
connected to the drain of the MOS transistor 5]”. 

[0088] The signal SA is input to the gate of the MOS 
transistor 5f, and the source of the MOS transistor 5f is 
connected to ground. 

[0089] The level shifter 5 converts the signal SA at the H 
level Which is the internal voltage VINT from the internal 
circuit 101 into the signal SB at the H level Which is the 
voltage VEX, and outputs the signal SB. 

[0090] That is, since the signal SA is at the H level, the 
MOS transistor 5f is turned on, the signal SC is at the level 
of the voltage VL, the MOS transistor 5a is turned on, and 
the MOS transistor 56 is turned off. 

[0091] The signal SB is at the H level Which is the voltage 
VEX, and the MOS transistor 5b is turned off. 

[0092] Thus, the level shifter 5 outputs the signal SB at the 
H level of the voltage VEX. 

[0093] The level shifter 5 changes the signal SA at the L 
level Which is the ground voltage from the internal circuit 
101 into the signal SB at the L level of the voltage VL, and 
outputs the signal SB. 

[0094] That is, When the signal SA is at the L level, the 
MOS transistor 5f is turned off, the MOS transistor 56 is 
turned on, the signal SB is at the level of the voltage VL, and 
the MOS transistor 5b is turned on. 

[0095] Then, the signal SC is at the H level, and the MOS 
transistor 5a is turned off. 

[0096] Thus, the level shifter 5 outputs the signal SB at the 
L level of the voltage VL. 
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[0097] The voltage VL sets the voltage betWeen the gate 
and the drain (or the source) of the MOS transistor 1 to less 
than the Withstand voltage of the gate oxide ?lm, and turns 
on the MOS transistor 1. 

[0098] Thus, While the MOS transistors 2 and 3 are in the 
ON-state, the MOS transistor 4 is turned off in response to 
the input of the signal SA at the L level, the MOS transistor 
1 is turned on in response to the input of the signal SB of the 
voltage VL, and the output circuit O1 outputs an output 
signal OUT at the H level Which is the voltage VEX of the 
external poWer source since the signal SA is at the L level. 

[0099] While the MOS transistors 2 and 3 are in the 
ON-state, the signal SB is increased to the H level Which is 
the voltage VEX of the external poWer source in response to 
the signal SA at the H level Which is the voltage VINT of the 
internal poWer source. When the MOS transistor 1 is in the 
ON-state, the MOS transistor 4 is turned on in response to 
the input of the signal SA at the H level, and the output 
circuit O1 outputs the output signal OUT at the L level 
Which is the ground level. 

[0100] A capacitor Cp is inserted betWeen the gate of the 
MOS transistor 1 and the gate of the MOS transistor 2. 

[0101] When the voltage of an output signal DOUT is 
changed from the L level to the H level, the capacitor Cp 
prevents the variations of the voltage VRP. That is, the 
parasitic capacitance betWeen the gate and the drain of the 
MOS transistor 2 has a tendency to increase the voltage VRP 
applied to the gate of the MOS transistor 2 as the output 
signal DOUT is increased. The capacitor Cp suppresses the 
tendency to increase of the voltage VRP by loWering the 
voltage VRP applied to the gate as the signal SB is changed 
to the L level. 

[0102] A capacitor Cn is inserted betWeen the gate of the 
MOS transistor 3 and the gate of the MOS transistor 4. 

[0103] The capacitor Cn prevents variations of the voltage 
VRN. That is, the parasitic capacitance has a tendency to 
decrease the voltage VRN applied to the gate of the MOS 
transistor 3 as the output signal DOUT is decreased. The 
capacitor Cp compensates the tendency to decrease of the 
voltage VRN by increasing the voltage VRN applied to the 
gate. 

[0104] The capacitance of the capacitor Cp matches the 
parasitic capacitance betWeen the gate and the drain of the 
MOS transistor 2, and the capacitance of the capacitor Cn 
matches the parasitic capacitance betWeen the gate and the 
drain of the MOS transistor 3. 

[0105] The capacitors Cp and Cn use MOS transistors 
With the same form as the MOS transistors 2 and 3 in order 
to make the capacitors Cp and Cn compatible With the 
characteristics of the MOS transistors 2 and 3. 

[0106] The operation of the embodiment Will noW be 
explained With reference to FIGS. 1 and 2. FIG. 2 is a 
timing chart for explaining the operation in FIG. 1. 

[0107] At the time t1, the internal circuit 101 begins to 
change the signal SA from the L level to the H level. As the 
voltage of the signal SA is increased, the voltage of the 
signal SB is increased from the voltage VL. 

[0108] Since the voltages of the signals SA and SB are 
gradually increased, the voltage of the output signal DOUT 
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gradually decrease from the voltage VEX as the MOS 
transistor 4 is being turned on, and While the MOS transistor 
1 is being turned off. 

[0109] In FIG. 2, the output signal DOUT is indicated by 
tWo lines Which are a solid line and the dashed line. The 
solid line indicates the operation of the output circuit O1 of 
the ?rst embodiment shoWn in FIG. 1. The dashed line 
indicates the operation of the conventional output circuit 
shoWn in FIG. 11. 

[0110] As is obvious from FIG. 2, in a conventional 
output circuits, as the voltages at the source and the drain of 
the MOS transistor 3 are varied, the voltage at the drain of 
the MOS transistor 3 is decreased, and the voltage VSN of 
the control signal SN decreases because of the parasitic 
capacitance betWeen the drain and the gate of the MOS 
transistor 3. 

[0111] Further, in the conventional output circuits, the 
voltages at the source and the drain of the MOS transistor 2 
are varied, the voltage at the drain of the MOS transistor 2 
is decreased, and the voltage VSP of the control signal SP is 
decreased because of the parasitic capacitance betWeen the 
drain and the gate of the MOS transistor 2. 

[0112] As the voltage VSN of the control signal SN and 
the voltage VSP of the control signal SP are decreased, the 
ON-resistance of the MOS transistor 3 is increased, and the 
ON-resistance of the MOS transistor 2 is decreased. There 
fore, the decrease of the voltage of the output signal DOUT 
is sloW. That is, the change of the output signal DOUT from 
the H level to the L level is signi?cantly delayed from the 
change of the signal SA from the L level to the H level. 

[0113] In contrast, in the output circuit O1 of the ?rst 
embodiment, as the voltage of the signal SA input to one 
terminal of the capacitor Cp is increased, the voltage VRP of 
the signal RP transferred through the connection to the other 
terminal is also increased. 

[0114] Therefore, the output circuit O1 of the ?rst embodi 
ment prevents the decrease of the voltage VRP of the control 
signal RP. The voltages at the source and the drain of the 
MOS transistor 2 has a tendency to decrease as the voltage 
of the output signal DOUT is decreased. That is, the voltage 
VRP of the control signal RP applied to the gate Which is one 
of the terminals of the parasitic capacitance has a tendency 
to decrease as the voltage at the drain Which is the other 
terminal of the parasitic capacitance is decreased. The output 
circuit O1 compensates the tendency to decrease the voltage 
VRP by the capacitor Cp Which has a tendency to increase 
the voltage VRP. 

[0115] Similarly, in the output circuit O1 of the ?rst 
embodiment, as the voltage of the signal SB input to one 
terminal of the capacitor Cp is increased, the voltage VRN 
of the signal RN transferred through the connection to the 
other terminal has a tendency to increase. 

[0116] Therefore, the output circuit O1 of the ?rst embodi 
ment prevents the decrease of the voltage VRN of the 
control signal RN. The voltages at the source and the drain 
of the MOS transistor 3 has a tendency to decrease as the 
voltage of the output signal DOUT is decreased. That is, the 
voltage VRN of the control signal RN applied to the gate 
Which is one of terminals of the parasitic capacitance has a 
tendency to decrease as the voltage at the drain Which is the 
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other terminal of the parasitic capacitance is decreased. The 
output circuit O1 compensates the tendency to decrease of 
the voltage VRN by the capacitor Cn Which has a tendency 
to increase the voltage VRN. 

[0117] NeXt, at the time t2, the output signal DOUT from 
the output circuit O1 of the ?rst embodiment is decreased to 
the ground potential. 

[0118] In conventional output circuits, as the voltage VSN 
of the control signal SN and the voltage VSP of the control 
signal SP are decreased, the ON-resistance of the MOS 
transistor 3 is increased, and the ON-resistance of the MOS 
transistor 2 is decreased. Therefore, the decrease of the 
voltage of the output signal DOUT from the H level to the 
L level is sloW, and the voltage of the output signal DOUT 
does not reach the ground voltage. 

[0119] Thus, the capacitors Cp and Cn transmit the 
increasing voltages of the signals SB and SA to the connec 
tions transferring the control signals RP and RN. This 
compensates for the decrease of the voltage VRP of the 
control signal RP and the voltage VRN of the control signal 
RN as the output signal DOUT is varied. Therefore, the 
delay betWeen a change in the signal SA and a change in the 
signal DOUT is shortened, and the operating speed can be 
increased. 

[0120] Even When the voltage VRP of the control signal 
RP and the voltage VRN of the control signal RN exceed a 
predetermined voltage, the ON-resistance of the MOS tran 
sistor M2 is increased, and the ON-resistance of the MOS 
transistor 3 is decreased. Therefore, the voltage of the output 
signal DOUT is ef?ciently decreased to the ground voltage. 

[0121] At the time t3, the internal circuit 101 begins to 
change the signal SA from the H level to the L level. Then, 
as the voltage of the signal SA is decreased, the voltage of 
the signal SB is decreased from the voltage VEX. 

[0122] Because the voltages of the signals SA and SB are 
gradually decreased, the MOS transistor 4 is turned off, and 
the MOS transistor 1 is turned on, While the voltage of the 
output signal DOUT is gradually increased from the ground 
level. 

[0123] As is obvious from FIG. 2, in the conventional 
output circuit, as the voltages at the source and the drain of 
the MOS transistor 3 are varied, the voltage at the drain of 
the MOS transistor 3 is increased, and the voltage VRN of 
the control signal RN is increased because of the parasitic 
capacitance betWeen the drain and the gate of the MOS 
transistor 3. 

[0124] Further, in the conventional output circuit, the 
voltages at the source and the drain of the MOS transistor 2 
are varied, the voltage at the drain of the MOS transistor 2 
is increased, and the voltage VRP of the control signal RP is 
increased because of the parasitic capacitance betWeen the 
drain and the gate of the MOS transistor 2. 

[0125] As the voltage VSN of the control signal SN and 
the voltage VSP of the control signal SP are increased, the 
ON-resistance of the MOS transistor 3 is decreased, and the 
ON-resistance of the MOS transistor 2 is increased. There 
fore, the increase of the voltage of the output signal DOUT 
is sloW. That is, the change of the output signal DOUT from 
the L level to the H level is signi?cantly delayed from the 
change of the signal SA from the H level to the L level. 
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[0126] In contrast, in the output circuit O1 of the ?rst 
embodiment, as the voltage of the signal SA input to one 
terminal of the capacitor Cp is decreased, the voltage VRP 
of the signal RP transferred through the connection to the 
other terminal has a tendency to decrease. 

[0127] Therefore, the output circuit O1 of the ?rst embodi 
ment prevents the increase of the voltage VRP of the control 
signal RP. The voltages at the source and the drain of the 
MOS transistor 2 has a tendency to decrease as the voltage 
of the output signal DOUT is increased. That is, the voltage 
VRP of the control signal RP applied to the gate has a 
tendency to increase because of the parasitic capacitance 
betWeen the drain and the gate of the MOS transistor 2 as the 
voltage at the drain of the MOS transistor 2 is increased. The 
output circuit O1 suppresses the tendency to increase of the 
voltage VRP by the capacitor Cp Which has the tendency to 
decrease the voltage VRP. 

[0128] Similarly, in the output circuit O1 of the ?rst 
embodiment, as the voltage of the signal SB input to one 
terminal of the capacitor Cn is increased, the voltage VRN 
of the signal RN transferred through the connection to the 
other terminal has a tendency to decrease. 

[0129] Therefore, the output circuit O1 of the ?rst embodi 
ment prevents the increase of the voltage VRN of the control 
signal RN. The voltages at the source and the drain of the 
MOS transistor 3 have a tendency to increase as the voltage 
of the output signal DOUT is increased. That is, the voltage 
VRN of the control signal RN applied to the gate has a 
tendency to increase because of the parasitic capacitance 
betWeen the drain and the gate of the MOS transistor 3 as the 
voltage at the drain of the MOS transistor 3 is increased. The 
output circuit O1 suppresses the tendency to increase of the 
voltage VRN by the capacitor Cn Which has the tendency to 
decrease the voltage VRN. 

[0130] At the time t4, the output signal DOUT from the 
output circuit O1 is increased to the voltage VEX of the 
external poWer source. 

[0131] In the conventional output circuit, as the voltage 
VSN of the control signal SN and the voltage VSP of the 
control signal SP are increased, the ON-resistance of the 
MOS transistor 3 is decreased, and the ON-resistance of the 
MOS transistor 2 is increased. Therefore, the decrease of the 
voltage of the output signal DOUT is sloW, and the voltage 
of the output signal DOUT does not reach the voltage VEX. 

[0132] Thus, the capacitors Cp and Cn transmit the 
decreasing voltages of the signals SB and SA to the con 
nections transferring the control signals RP and RN. This 
suppresses the increase of the voltage VRP of the control 
signal RP and the voltage VRN of the control signal RN as 
the output signal DOUT is varied. Therefore, the delay 
betWeen a change in the signal SA and a change in the output 
signal DOUT from the variation of the signal SA is short 
ened, and the operating speed can be increased. 

[0133] Even When the voltage VRP of the control signal 
RP and the voltage VRN of the control signal RN are 
decreased to less than a predetermined voltage, the ON 
resistance of the MOS transistor 2 is decreased, and the 
ON-resistance of the MOS transistor 3 is increased. There 
fore, the voltage of the output signal DOUT is ef?ciently 
increased to the voltage VEX. 
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[0134] The output circuit O1 of the ?rst embodiment 
prevents the variations of the control signals RP and RN by 
the capacitors Cp and Cn. The electric current capacities for 
outputting the control signals RP and RN need not be 
increased as long as the voltages VRP and VRN are main 
tained Within a suitable range. Thus, the electric current 
consumption can be decreased. 

Second Embodiment 

[0135] FIG. 3 is a block diagram shoWing the structure of 
the output circuit of the second embodiment of the present 
invention. The output circuit O2 is used instead of the output 
circuit 103 in the semiconductor integrated circuit shoWn in 
FIG. 9. The voltage VEX of an external poWer source is 
supplied to the semiconductor integrated circuit through an 
external terminal. The internal voltage reduction circuit 100 
changes the voltage VEX into an internal voltage VINT to 
be supplied as a driving voltage to the internal circuit. 

[0136] In FIG. 3, the same reference numbers are 
employed to designate like parts of the ?rst embodiment, 
and a detailed description is omitted. 

[0137] In FIG. 3, in the output circuit O2, a p-channel 
MOS transistor 1, a p-channel MOS transistor 2, an n-chan 
nel MOS transistor 3, and an n-channel MOS transistor 4 are 
connected in series. The gate oxide ?lms of the MOS 
transistors have the same thickness as those of the MOS 
transistors in the internal circuit 101. 

[0138] That is, the MOS transistors in the internal circuit 
101 are formed by the gate oxide ?lms With a thickness 
corresponding to the scaling laW of ?ne structures. The 
internal voltage circuit 100 reduces the external voltage 
VEX to an internal voltage VINT Which does not exceed the 
Withstand voltage of the gate oxide ?lm of the MOS tran 
sistor in the internal circuit 101. 

[0139] The source of the MOS transistor 1 is connected to 
the terminal of an external poWer source for supplying the 
voltage VEX. Alevel shifter 5 outputs a signal SB to the gate 
of the MOS transistor 1. The drain of the MOS transistor 1 
is connected to the source of the MOS transistor 2. 

[0140] The drain of the MOS transistor 2 is connected to 
the drain of the MOS transistor 3. The connecting point of 
the drain of the MOS transistor 2 and the drain of the MOS 
transistor 3 are connected to an external terminal TO. The 
output circuit O2 changes the voltage of the internal signal 
SA into a signal DOUT, and outputs the signal DOUT from 
the external terminal TO. 

[0141] A control signal RR at a voltage VRR is continu 
ously input from a micro electric current poWer source 10 to 
the gate of the MOS transistor 2 and to the gate of the MOS 
transistor 3. 

[0142] The drain of the MOS transistor 4 is connected to 
the source of the MOS transistor 3, the signal SA is input to 
the gate of the MOS transistor 4, and the source of the MOS 
transistor 4 is connected to the ground. 

[0143] When the MOS transistor 1 is in the ON-state, the 
voltage VRR of the control signal RR sets the voltage 
betWeen the gate and the source (or, the drain) of the MOS 
transistor 2 to less than the Withstand voltage of the gate 
oxide ?lm of the MOS transistor 2, and turns on the MOS 
transistor 2. 
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[0144] The Withstand voltage means the upper limit of an 
allowable voltage Which ensures the reliability of the gate 
oxide ?lm. 

[0145] Similarly, When the MOS transistor 4 is in the 
OFF-state, the voltage VRR of the control signal RR sets the 
voltage betWeen the gate and the drain (or, the source) of the 
MOS transistor 3 to less than the Withstand voltage of the 
gate oxide ?lm of the MOS transistor 3, and turns on the 
MOS transistor 3. 

[0146] For example, the voltage VRR is set to 1/z><VEX. 

[0147] Thus, While the MOS transistors 2 and 3 are in the 
ON-state, the MOS transistor 4 is turned off in response to 
the input of the signal SA at the L level, the MOS transistor 
1 is turned on in response to the input of the signal SB of the 
voltage VL, and the output circuit O2 outputs an output 
signal OUT at the H level Which is the voltage VEX of the 
external poWer source since the signal SA is at the L level. 

[0148] While the MOS transistors 2 and 3 are in the 
ON-state, the signal SB is increased to the H level Which is 
the voltage VEX of the external poWer source in response to 
the signal SA at the H level Which is the voltage VINT of the 
internal poWer source. Then, When the MOS transistor 1 is 
in the ON-state, the MOS transistor 4 is turned on in 
response to the input of the signal SA at the H level, and the 
output circuit O1 outputs the output signal OUT at the L 
level Which is the ground level. 

[0149] A diode D1 is inserted in the forWard direction 
(direction of easy flow) between the gate of the MOS 
transistor 1 and the gate of the MOS transistor 2. 

[0150] When the voltage of an output signal DOUT is 
changed from the L level to the H level, the diode D1 
prevents the variations of the voltage VRR. That is, the 
parasitic capacitance betWeen the gate and the drain of the 
MOS transistor 3 has a tendency to increase the voltage 
VRR applied to the gate of the MOS transistor 3 as the 
output signal DOUT is increased. The diode D1 suppresses 
the tendency to increase the voltage VRR by alloWing the 
electric current to How in the forWard direction from the 
connection of the signal RR to the connection of the signal 
SA Which is at the L level, draWing the electric charge. That 
is, the diode D1 prevents the variations of the voltage VRR 
by loWering the voltage of the control signal RR. 

[0151] When the electric current flows through the diode 
D2 in the forWard direction from the connection of the signal 
SB at the H level Which is the voltage VEX to the connection 
of the signal RR, the electric current does not flow through 
the diode D1 since the voltage of the signal SB has been 
reduced. 

[0152] The number of diodes D1 is determined to reduce 
the voltage VEX to the predetermined voltage VRR (for 
example, 1/z><VEX). The number of the diodes D2 is deter 
mined to reduce the increased voltage VRR With respect to 
the ground voltage to a predetermined voltage (for example, 
1/z><VEX). 
[0153] The operation of the second embodiment Will noW 
be explained With reference to FIGS. 3 and 4. FIG. 4 is a 
timing chart for explaining an example of the operation of 
the circuit shoWn in FIG. 3. 

[0154] At the time t11, the internal circuit 101 begins to 
change the signal SA from the L level to the H level. As the 
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voltage of the signal SA is increased, the voltage of the 
signal SB is increased from the voltage VL. 

[0155] Since the voltages of the signals SA and SB are 
gradually increased, the voltage of the output signal DOUT 
gradually decreases from the voltage VEX as the MOS 
transistor 4 is being turned on, and While the MOS transistor 
1 is being turned off. 

[0156] In the output circuit O2 of the second embodiment 
shoWn in FIG. 3, as the output signal DOUT is decreased, 
the voltage VRR of the signal RR is decreased because of the 
parasitic capacitance betWeen the gate and the drain of the 
MOS transistor 2. 

[0157] Then, When the difference betWeen the voltage of 
the signal SB and the voltage BRR of the control signal RR 
reaches the voltage of the current flowing through the diode 
D1 in the forWard direction, the electric current flows from 
the connection of the signal SB to the connection for the 
control signal RR so as to increase the voltage VRR of the 
control signal RR flowing through the connection to the 
cathode. 

[0158] Therefore, the output circuit O2 of the second 
embodiment prevents a decrease of the voltage VRR of the 
control signal RR. The voltages at the source and the drain 
of the MOS transistor 2 have a tendency to decrease as the 
voltage of the output signal DOUT is decreased. 

[0159] That is, the voltage VRR of the control signal RR 
applied to the gate has a tendency to decrease because of the 
parasitic capacitance betWeen the drain and the gate of the 
MOS transistor 2 as the voltage at the drain of the MOS 
transistor 2 is decreased. The output circuit O2 suppresses 
the tendency to increase of the voltage VRR by supplying 
the electric charge from the connection of the signal SB 
through the diode D1 to the connection of the control signal 
RR. 

[0160] At that time, because the voltage of the signal SA 
has increased, electric current does not flow from the con 
nection of the control signal RR through the diode D2 to the 
connection of the signal SA in the forWard direction. There 
fore, the electric charge in the connection of the control 
signal RR is not draWn, and the voltage of the control signal 
RR is not reduced. 

[0161] Next, at the time t12, the output signal DOUT from 
the output circuit O2 of the second embodiment is decreased 
to the ground electric potential. 

[0162] In the conventional output circuit shoWn in FIG. 2, 
as the voltage VSN of the control signal SN and the voltage 
VSP of the control signal SP are decreased, the ON-resis 
tance of the MOS transistor 3 is increased, and the ON 
resistance of the MOS transistor 2 is decreased. Therefore, 
the decrease of the voltage of the output signal DOUT from 
the H level to the L level is sloW, and the voltage of the 
output signal DOUT does not reach the ground voltage. 

[0163] At the time t13, the internal circuit 101 begins to 
change the signal SA from the H level to the L level. Then, 
as the voltage of the signal SA is decreased, the voltage of 
the signal SB is decreased from the voltage VEX. 

[0164] Because the voltages of the signals SA and SB are 
gradually decreased, the MOS transistor 4 is turned off, and 
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the MOS transistor 1 is turned on, While the voltage of the 
output signal DOUT is gradually increased from the ground 
level. 

[0165] In contrast, in the output circuit O2 of the second 
embodiment shoWn in FIG. 3, as the output signal DOUT is 
increased, the voltage VRR of the signal RR begins to be 
increased because of the parasitic capacitance betWeen the 
gate and the drain of the MOS transistor 2. 

[0166] Then, When the difference betWeen the voltage 
VRR of the control signal RR and the voltage of the signal 
SA reaches the voltage of the electric current Which ?oWs 
through the diode D1 in the forWard direction, the electric 
current ?oWs from the connection of the control signal RR 
to the connection of the signal SB, thereby reducing the 
voltage VRR of the control signal RR Which ?oWs through 
the connection to the anode. 

[0167] Therefore, the output circuit O2 of the second 
embodiment prevents an increase of the voltage VRR of the 
control signal RR. The voltages at the source and the drain 
of the MOS transistor 2 have a tendency to increase as the 
voltage of the output signal DOUT is increased. That is, the 
voltage VRR of the control signal RR applied to the gate has 
a tendency to increase because of the parasitic capacitance 
betWeen the drain and the gate of the MOS transistor 2 as the 
voltage at the drain of the MOS transistor 2 is increased. The 
output circuit O2 suppresses the tendency to increase the 
voltage VRR by supplying the electric charge from the 
connection of the control signal RR to the connection of the 
signal SB to decrease the voltage VRR. 

[0168] At that time, because the voltage of the signal SB 
has increased, electric current does not How from the con 
nection of the signal SB through the diode D1 to the 
connection of the control signal RR in the forWard direction. 
Therefore, the diode D1 does not alloW the electric current 
to How from the connection of the control signal SA to the 
connection of the control signal RR. Thus, the electric 
charge in the connection of the signal SA is not supplied to 
the connection of the control signal RR, and the voltage of 
the control signal RR is not reduced. 

[0169] At the time t14, the output signal DOUT from the 
output circuit O2 is increased to the voltage VEX of the 
external poWer source. 

[0170] In the conventional output circuit shoWn in FIG. 2, 
as the voltage VSN of the control signal SN and the voltage 
VSP of the control signal SP are increased, the ON-resis 
tance of the MOS transistor 3 is decreased, and the ON 
resistance of the MOS transistor 2 is increased. Therefore, 
the decrease of the voltage of the output signal DOUT from 
the L level to the H level is sloW, and the voltage of the 
output signal DOUT does not reach the voltage VEX. 

[0171] Thus, the diode D2 suppresses the tendency to 
increase of the voltage VRR of the control signal RR. The 
delay betWeen a change in the signal SA and a change in the 
output signal DOUT can be shortened, and the operating 
speed can be increased. 

[0172] As described above, the diodes D1 and D2 sup 
presses the increase of the voltage VRR of the control signal 
RR. Therefore, the delay betWeen a change in the signal SA 
and a change in the output signal DOUT can be shortened, 
and the operating speed can be increased. 
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[0173] The output circuit O2 of the second embodiment 
prevents variations of the control signal RR by the diodes D1 
and D2. The electric current capacities for outputting the 
control signals RP and RN need not be increased as long as 
the voltage VRR is maintained Within a suitable range. Thus, 
the electric current consumption can be decreased. 

Third Embodiment 

[0174] FIG. 5 is a block diagram shoWing the structure of 
the input circuit of the third embodiment of the present 
invention. The input circuit I1 is used instead of the input 
circuit 102 in the semiconductor integrated circuit. Avoltage 
VEX (VDD) is supplied from an external poWer source 
through an external terminal to the semiconductor integrated 
circuit. An internal voltage reduction circuit 100 changes the 
voltage VEX into an internal voltage VINT, and supplies it 
as a voltage for driving an internal circuit 101. 

[0175] In FIG. 5, in the input circuit I1, a diode 20, a 
p-channel MOS transistor 21, a p-channel MOS transistor 
22, an n-channel MOS transistor 23, and an n-channel MOS 
transistor 4 are connected in series. The gate oxide ?lms of 
the MOS transistors have the same thickness as those of the 
MOS transistors in the internal circuit 101. 

[0176] That is, the MOS transistors in the internal circuit 
101 are formed of the gate oxide ?lms With the thickness 
corresponding to the scaling laW for the ?ne structure. The 
internal voltage circuit 100 reduce the external voltage VEX 
to the internal voltage VINT Which does not exceed the 
Withstand voltage of the gate oxide ?lm of the MOS tran 
sistor in the internal circuit 101. 

[0177] The anode of the diode 20 is connected to the 
connection of the voltage VEX from the external poWer 
source, and the cathode of the diode 20 is connected to the 
source of the MOS transistor 21. 

[0178] The diode 20 reduces the voltage VEX to the 
voltage VINT of the internal poWer source, and supplies the 
voltage VINT as the driving voltage to the input circuit I1. 

[0179] The gate of the MOS transistor 21 is connected to 
an internal terminal TIN, and the drain of the MOS transistor 
21 is connected to a source of the MOS transistor 23. 

[0180] The gate of the MOS transistor 22 is connected to 
the ground, and the drain of the MOS transistor 22 is 
connected to the drain of the MOS transistor 23. 

[0181] The connecting point of the drain of the MOS 
transistor 22 and the drain of the MOS transistor 23 is 
connected to the internal circuit 101, and acts as an internal 
terminal TINT for outputting an output signal OUT Which is 
an inversion of the voltage of an input signal IN. 

[0182] When the output signal OUT is at the L level Which 
is the ground voltage, the MOS transistor 22 divides the 
voltage VINT so that the voltage at the drain of the MOS 
transistor 22 does not become the ground voltage. 

[0183] Even When the input signal IN reaches the H level 
Which is the voltage VEX, and When the voltage at the 
internal terminal TIN is decreased to the L level (the ground 
level), the voltage at the drain of the MOS transistor 21 does 
not decrease to the ground voltage because the voltage at the 
drain of the MOS transistor 21 is divided by the MOS 
transistor 22. 
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[0184] As a result, the voltage between the gate and the 
drain of the MOS transistor 21 does not exceed the Withstand 
voltage of the gate oxide ?lm of the MOS transistor 21. 

[0185] The gate of the MOS transistor 33 is connected to 
the source of the n-channel MOS transistor 24, and the 
source of the MOS transistor 24 is connected to ground. 

[0186] A control signal RP at a voltage VRP is continu 
ously input from a micro electric current poWer source 6, 
and a control signal RN at a voltage VRN is continuously 
input from the micro electric current poWer source 6 to the 
gate of the MOS transistor 23. 

[0187] The gate of the MOS transistor 24 is connected to 
the point S, and the drain of the MOS transistor 24 is 
connected to the input terminal TIN. The point S is a 
connection betWeen the cathode of the diode 20 and the 
source of the MOS transistor 21. The voltage at the point G 
is a voltage VINT. 

[0188] A capacitor 25 is inserted betWeen the input ter 
minal TIN and the point G. The point G is a connection 
betWeen the gate of the MOS transistor 23 and the source of 
the MOS transistor 24. 

[0189] The capacitor 25 increases the gate voltage of the 
MOS transistor 23 When the input signal is changed from the 
L level to the H level. 

[0190] That is, When the input signal is changed from the 
L level to the H level, the change of the input signal IN is 
transmitted through the MOS transistor 24 to the gate of the 
MOS transistor 23. 

[0191] HoWever, the voltage at the gate of the MOS 
transistor 23, that is, at the point G, does not exceed the 
voltage VINT-VTN. VTN denotes the threshold voltage of 
the MOS transistor 24. 

[0192] The change of the voltage at the point G to the H 
level is sloW because of the time constant determined by the 
ON-resistance of the MOS transistor 24 and the capacitance 
of the gate of the MOS transistor 23. The ON-resistance of 
the MOS transistor 23 Which has been turned on is not 
sufficiently loW. Therefore, the time required to decrease the 
output signal OUT to the ground voltage is lengthened, and 
the re?ection of the change of the input signal IN on the 
output signal OUT has a tendency to be delayed. 

[0193] The voltage at one of the terminals of the capacitor 
25 Which is connected to the input terminal TIN is increased 
as the input signal IN is changed from the L level to the H 
level. Then, the voltage at the other terminal connected to 
the point G is increased, and the voltage at the gate of the 
MOS transistor 23 is increased. 

[0194] Thus, the input circuit I1 decreases the ON-resis 
tance of the MOS transistor 23 so that the change of the 
output signal OUT from the H level to the L level becomes 
fast. 

[0195] The capacitor 25 reduces the gate voltage of the 
MOS transistor 23 When the input signal IN is changed from 
the H level to the L level. 

[0196] That is, When the input signal IN is changed from 
the H level to the L level, the change of the input signal IN 
is transmitted through the MOS transistor 24 to the gate of 
the MOS transistor 23. 
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[0197] HoWever, because the electric charge is draWn 
through the MOS transistor 23, the voltage at the gate of the 
MOS transistor 23, that is, at the point G, is sloWly decreased 
to the ground voltage according to the time constant deter 
mined based on the ON-resistance of the MOS transistor 24 
and the capacitance of the gate of the MOS transistor 23. 
Thus, the re?ection of the change of the input signal IN on 
the output signal OUT has a tendency to be delayed. 

[0198] The voltage at one of the terminals of the capacitor 
25 Which is connected to the input terminal TIN is decreased 
as the input signal IN is changed from the L level to the H 
level. Then, the voltage at the other terminal connected to 
the point G is decreased, and the voltage at the gate of the 
MOS transistor 23 is increased. 

[0199] Thus, the input circuit 11 turns off the MOS tran 
sistor 23 at a high speed, and the output signal OUT is 
changed from the L level to the H level at a high speed. 

[0200] The capacitance of the capacitor 25 is set so that the 
voltage at the point G does not exceed the Withstand voltage 
of the gate oxide ?lm of the MOS transistor 23 When the 
input signal IN is changed from the L level to the H level, 
and so that the voltage at the point G does not reduce to a 
voltage Which exceeds the Withstand voltage of the gate 
oxide ?lm of the MOS transistor 23. 

[0201] The operation of the third embodiment Will noW be 
explained With reference to FIGS. 5 and 6. FIG. 6 is a 
timing chart for explaining an example of the operation of 
the circuit shoWn in FIG. 5. 

[0202] In FIG. 6, the output signal OUT is indicated by 
tWo lines Which are the solid line and the dashed line. The 
solid line indicates the operation of the output circuit I1 of 
the third embodiment shoWn in FIG. 5. The dashed line 
indicates the operation of the conventional output circuit 
shoWn in FIG. 10. 

[0203] At the time t21, When the input signal IN from the 
external circuit begins to change from the L level to the H 
level, the electric charge is supplied to the point G through 
the MOS transistor 24, and the voltage at the point G is 
increased by the capacitor 25. Thus, the voltage at the point 
G exceeds VINT-VTN. 

[0204] Accordingly, the ON-resistance of the MOS tran 
sistor 23 is decreased, and the amount of the electric current 
Which ?oWs through the MOS transistor 23 is increased. 
Therefore, the voltage of the output signal OUT is decreased 
at a high speed. 

[0205] Thus, in FIG. 10, the change in the voltage at the 
point P is sloW according to the time constant based on the 
ON-resistance of the MOS transistor 114 and the parasitic 
capacitance of the MOS transistor 113. Therefore, the ON 
resistance of the MOS transistor 113 is not decreased, and 
the decrease of the output signal OUT is sloWer than that of 
the input circuit I1. 

[0206] At the time t22, the input circuit I1 decreases the 
voltage of the output signal OUT to the ground voltage. In 
contrast, the input circuit of FIG. 10 cannot decrease the 
voltage of the output signal OUT to the ground voltage 
because the voltage at the point P has not been increased, 
and because the ON-resistance of the MOS transistor 113 
has not been decreased. 
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[0207] At the time t23, the input signal IN from the 
external circuit begins to change from the H level to the L 
level, the electric charge is draWn from the point G through 
the MOS transistor 24, the voltage at the point G is reduced 
by the capacitor 25, and the voltage at the point G is 
therefore immediately decreased to the ground voltage. 

[0208] As the signal is changed from the H level to the L 
level While the voltage at the point G is not discharged as 
indicated by the lines G(1), the voltage at the point G is 
immediately decreased to VINT-VTN by the capacitor 25, 
and then folloWs the change of the input signal IN by the 
MOS transistor 24 Which has been turned on. 

[0209] Further, as the signal is changed from the H level 
to the L level While the voltage at the point G is decreased 
to the voltage at the point P as shoWn by the lines G(2), the 
MOS transistor 24 has been turned on. Therefore, When the 
voltage of the input signal IN is decreased to less than the 
voltage at the point G indicated by the line G(2), the voltage 
at the point G is immediately decreased by the capacitor 25, 
folloWing the change of the voltage of the input signal IN. 

[0210] Thus, the MOS transistor 23 is turned off, and the 
voltage of the output signal OUT is immediately increased 
because the electric current does not flow through the MOS 
transistor 23. 

[0211] At the time t24, the input circuit IT has increased 
the voltage of the output signal OUT to the voltage VINT of 
the internal poWer source. In contrast, in the input circuit of 
FIG. 10, the MOS transistor 113 is not turned off because 
the voltage at the point P is not decreased, and therefore the 
voltage of the output signal OUT cannot be increased to the 
voltage VINT. 

[0212] As described above, according to the input circuit 
I1 of the third embodiment, the voltage at the gate of the 
MOS transistor 23 immediately folloWs the change of the 
voltage of the input signal IN by means of the capacitor 25. 
Therefore, the MOS transistor 23 can be turned on or off at 
a high speed, thereby shortening the delay of the change of 
the output signal OUT from the change of the input signal 
IN. Thus, the operating speed can be increased When the 
voltage of the input signal IN is changed. 

Fourth Embodiment 

[0213] An input circuit I2 of the fourth embodiment is 
shoWn in FIG. 7. The difference betWeen the input circuit I2 
of the present embodiment and the third embodiment is that 
a diode 26 is inserted betWeen an input terminal TIN and a 
point G in parallel to a capacitor 25. The other elements in 
the fourth embodiment are similar to those in the third 
embodiment, and detailed descriptions Will be omitted. 

[0214] When the voltage of an input signal IN is changed 
from the L level to the H level (from the ground voltage to 
the voltage VEX), the diode 26 increases the voltage at the 
point G to the voltage VINT-Vf, decreases the ON-resis 
tance of the MOS transistor 23, and decreases the voltage of 
the output signal OUT to the ground voltage more imme 
diately than the input circuit I1 of the third embodiment. 
Reference character Vf denotes a reduced voltage When an 
electric current ?oWs through the diode 26. 

[0215] When the diode 26 comprises a p-n junction of a 
p-diffusion layer and an n-diffusion layer, the diode 26 and 
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the capacitor 25 can be produced as a single structure, or the 
diode 26 can be produced as a part of the capacitor 25. 

[0216] The operation of the fourth embodiment Will noW 
be explained With reference to FIGS. 7 and 8. FIG. 8 is a 
timing chart for explaining an example of the operation of 
the circuit shoWn in FIG. 7. 

[0217] At the time t31, When the input signal IN from the 
external circuit begins to change from the L level to the H 
level, the electric charge is supplied to the point G through 
the MOS transistor 24, and the voltage at the point G is 
increased by the capacitor 25. Further, the electric current 
Which ?oWs through the diode 26 in the forWard direction 
immediately increases the voltage at the point G to VINT 
Vf. 

[0218] Accordingly, the ON-resistance of the MOS tran 
sistor 23 is decreased, and the amount of the electric current 
Which ?oWs through the MOS transistor 23 is increased. 
Therefore, the voltage of the output signal OUT is decreased 
at a high speed. 

[0219] At the time t32, the input circuit I2 decreases the 
voltage of the output signal OUT to the ground voltage. 

[0220] At the time t33, the input signal IN from the 
external circuit begins to change from the H level to the L 
level, the electric charge is draWn from the point G through 
the MOS transistor 24, the voltage at the point G is reduced 
by the capacitor 25, and the voltage at the point G is 
therefore immediately decreased to the ground voltage. 

[0221] As the signal is changed from the H level to the L 
level, the voltage at the point G is immediately decreased to 
VINT-VTN by the capacitor 25, and then folloWs the 
change of the input signal IN by the MOS transistor 24 
Which has been turned on. 

[0222] Thus, the MOS transistor 23 is turned off, and the 
voltage of the output signal OUT is immediately increased 
because an electric current does not flow through the MOS 
transistor 23. 

[0223] At the time t24, the input circuit I2 has increased 
the voltage of the output signal OUT to the voltage VINT of 
the internal poWer source. 

[0224] As described above, in addition to the effects of the 
third embodiment, the input circuit I2 of the fourth embodi 
ment achieves the effect that, When the input signal IN is 
changed from the L level to the H level, the off action can 
be immediately completed because the diode 26 increases 
the voltage at the point G to VINT-Vf. Therefore, the delay 
betWeen a change in the input signal In and a change in the 
output signal OUT can be shortened. Thus, the operating 
speed can be increased. 

[0225] The input circuit 102 and the output circuit 103 
shoWn in FIG. 9 can be replaced With the output circuit O1 
of the ?rst embodiment, the output circuit O2 of the second 
embodiment, the input circuit I1 of the third embodiment, 
and the input circuit I2 of the fourth embodiment. In this 
case, the semiconductor integrated circuit can be produced 
With MOS transistors With the gate oxide ?lms having the 
same thickness. 

[0226] The voltage of the signal output from the input 
circuit 102 and the voltage of the signal Which the internal 
circuit outputs to the output circuit do not necessarily have 
to be the same. 






