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OUTPUT CIRCUIT WITH SWITCHING FUNCTION 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an output circuit 
Which is provided betWeen the output of a ?rst circuit and 
the input of a second circuit formed in an integrated circuit 
such as a semiconductor integrated circuit, and Which out 
puts a signal of a level based on a signal supplied from the 
?rst circuit to the second circuit. Such an output circuit is 
usually provided in an integrated circuit. In this case, the 
second circuit is referred to as an external circuit or an 
external interface. 

[0002] FIGS. 9 through 11 are circuit diagrams illustrat 
ing conventional output circuits employed for MOS inte 
grated circuits. FIG. 9 shoWs a CMOS output circuit in 
Which an output section is con?gured using a CMOS circuit 
composed of a pMOS transistor 103 and an nMOS transistor 
104. FIG. 10 shoWs an nMOS open-drain type output circuit 
Which employs the nMOS transistor 104 having an open 
drain electrode. FIG. 11 shoWs an nMOS pull-up drain type 
(nMOS open-drain type With a built-in pull-up device) 
output circuit in Which an output section is composed of a 
pMOS transistor 302, Which stays ON constantly, and an 
nMOS transistor 104 having the drain electrode thereof 
pulled up by the pMOS transistor 302. There are also 
available a pMOS open-drain type output circuit and a 
pMOS pull-doWn drain type (pMOS open-drain type With a 
built-in pull-up device) output circuit. The nMOS pull-up 
drain type and the pMOS pull-doWn drain type are referred 
to simply as pull-drain type. In FIG. 9 through FIG. 11, an 
input signal IN is applied to an input terminal “in” and 
transmitted to an input signal conductor 10 via an inverter 
101. An output signal OUT is output through an output 
terminal “out.” 

[0003] The conventional output circuits set forth above are 
provided With signal output types, namely, CMOS type, 
open-drain type, and pull-drain type, and a driving capability 
to comply With the speci?cations of an external interface to 
be connected thereto. This has been posing a problem in that, 
When the external interface connected thereto is changed, the 
output circuit that has been used before the change cannot be 
used as it is, meaning that the internal circuitry of the output 
circuit has to be changed. There has been another problem 
in that, When tWo or more external interfaces are expected to 
be used, the same number of output circuits compatible With 
the respective external interfaces as that of tWo or more 
external interfaces must be prepared in advance. 

SUMMARY OF THE INVENTION 

[0004] The present invention has been made With a vieW 
toWard solving the problems described above. It is an object 
of the present invention to provide an output circuit that can 
be applied to tWo or more external interfaces. 

[0005] The output circuit according to the present inven 
tion has an input circuit generating an internal input signal 
in response to an external input signal, an output circuit 
including a pMOS transistor coupled betWeen a positive 
potential source and an output terminal and an nMOS 
transistor coupled betWeen a reference potential source and 
the output terminal. A gate of one of the transistors receives 
the internal input signal. The output circuit further has a 
control circuit receiving the internal input signal and the 
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control signal and outputting an internal signal in response 
to the internal input signal and the control signal to a gate of 
the other one of the transistor. The control circuit outputs the 
internal input signal as the internal signal Where the control 
signal has a ?rst level. The control circuit outputs a prede 
termined level signal as the internal signal Where the control 
signal has a second level so that the other one of the 
transistor has a predetermined state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1 is a circuit diagram shoWing an output 
circuit of a ?rst embodiment in accordance With the present 
invention; 
[0007] FIG. 2 is a circuit diagram shoWing an output 
circuit of a second embodiment in accordance With the 
present invention; 

[0008] FIG. 3 is a circuit diagram shoWing an output 
circuit of a third embodiment in accordance With the present 
invention; 
[0009] FIG. 4 is a circuit diagram shoWing an output 
circuit of a fourth embodiment in accordance With the 
present invention; 

[0010] FIG. 5 is a circuit diagram shoWing an output 
circuit of a ?fth embodiment in accordance With the present 
invention; 
[0011] FIG. 6 is a circuit diagram shoWing an output 
circuit of a sixth embodiment in accordance With the present 
invention; 
[0012] FIG. 7 is a circuit diagram shoWing an output 
circuit of a seventh embodiment in accordance With the 
present invention; 

[0013] FIG. 8 is a circuit diagram shoWing an output 
circuit of an eighth embodiment in accordance With the 
present invention; 

[0014] FIG. 9 is a circuit diagram shoWing a conventional 
CMOS output circuit; 

[0015] FIG. 10 is a circuit diagram shoWing a conven 
tional open-drain type output circuit; and 

[0016] FIG. 11 is a circuit diagram shoWing a conven 
tional pull-up drain type output circuit. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0017] FIG. 1 is a circuit diagram shoWing an output 
circuit of a ?rst embodiment in accordance With the present 
invention. The output circuit of FIG. 1 has a signal input 
terminal “in” to Which an input signal IN is applied from 
outside, an inverter 101, a control terminal “od” to Which a 
control signal OD is applied from outside, an OR gate 102 
(logic gate), a pMOS transistor 103 (a ?rst MOS transistor), 
an nMOS transistor 104 (a second MOS transistor), and a 
signal output terminal “out” connected to an external inter 
face. The signal input terminal “in” and the inverter 101 
constitute an input section Which generates an internal input 
signal 10 based on the level of the input signal IN. The 
control terminal “od” and the OR gate 102 constitute a 
control section. Further, the pMOS 103 and nMOS 104 and 
the signal output terminal “out” make up an output section 
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Which outputs an output signal OUT based on the level of 
the internal input signal 10, that is, the output signal OUT 
based on the level of the input signal IN, to outside. 

[0018] The input signal IN from outside is applied to the 
input of the inverter 101. The inverter 101 outputs the 
internal input signal 10, Which is an inverted signal of the 
input signal IN. A ?rst input of the OR gate 102 is connected 
to the output of the inverter 101, and the control signal OD 
from outside is applied to a second input of the OR gate 102. 
The OR gate 102 outputs an internal signal 11. The gate 
electrode of the pMOS 103 is connected to the output of the 
OR gate 102, the source electrode thereof is connected to a 
positive poWer supply VDD, and the drain electrode thereof 
is connected to the signal output terminal “out.” The gate 
electrode of the nMOS 104 is connected to the output of the 
inverter 101, the source electrode thereof is connected to a 
reference poWer supply GND, and the drain electrode 
thereof is connected to the signal output terminal “out.” 

[0019] The control section sets the signal output mode of 
the output section to the CMOS type by applying the internal 
input signal 10 to the gate electrode of the pMOS 103 When 
the control signal OD indicates a ?rst setting, While it sets 
the signal output mode of the output section to the open 
drain type by holding the pMOS 103 OFF constantly and by 
applying the internal input signal 10 to the gate electrode of 
the nMOS 104 When the control signal OD indicates a 
second setting. The ?rst setting means loW level, and the 
second setting means high level. The input section may be 
constructed by only the input signal terminal “in” or by the 
signal input terminal “in” and a buffer, in Which case the 
input signal IN serves as the internal input signal 10. 

[0020] The operation of the output circuit of FIG. 1 Will 
noW be described. The operation implemented When the 
control signal OD is set at the loW level Will be described 
?rst. In this case, the OR gate 102 outputs the internal input 
signal 10, i.e. the inverted signal of the input signal IN, 
issued from the inverter circuit 101 as the internal signal 11. 
Hence, When the input signal IN sWitches to the loW level, 
the pMOS 103 turns OFF, the nMOS 104 turns ON, and the 
output signal OUT sWitches to the loW level. When the input 
signal IN sWitches to the high level, the pMOS 103 turns 
ON, the nMOS 104 turns OFF, and the output signal OUT 
sWitches to the high level. Thus, if the control signal OD is 
at the loW level, then the output section Works as a CMOS 
circuit composed of the pMOS 103 and the nMOS 104. 

[0021] The operation implemented When the control sig 
nal OD is set at the high level Will noW be described. In this 
case, the internal signal 11 issued from the OR gate 102 is 
?Xed to the high level regardless of the internal input signal 
10. Therefore, the pMOS 103 is alWays OFF, and if the input 
signal IN sWitches to the loW level, then the nMOS 104 turns 
OFF, While the nMOS 104 turns ON if the input signal IN 
sWitches to the high level. Thus, if the control signal OD is 
at the high level, then the output section Works as an nMOS 
open-drain circuit based on the nMOS 104. 

[0022] As set forth above, the ?rst embodiment is 
equipped With the control section Which has the OR gate 102 
(logic gate) for controlling the pMOS 103 (the ?rst MOS 
transistor) and Which supplies the internal input signal 10 to 
the gate electrode of the nMOS 104 (the second MOS 
transistor) so as to sWitch the signal output mode of the 
output section betWeen the CMOS type and the nMOS 
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open-drain type by the control signal OD. Hence, even When 
the eXternal interface is changed or a plurality of eXternal 
interfaces are eXpected to be used, the circuit does not have 
to be changed since merely changing the setting of the 
control signal OD enables the circuit to adapt itself to a 
change of the external interface. 

[0023] The internal composition of the control section for 
controlling the MOS transistors of the output section is not 
limited to the one shoWn in FIG. 1. For instance, the control 
section may be constructed by an inverter and a NAND gate 
instead of the OR gate 102, or it may alternatively be 
con?gured so as to accomplish changeover betWeen the 
CMOS type and pMOS open-drain type. The output circuit 
adapted to perform changeover betWeen the CMOS type and 
the pMOS open-drain type Will be described in the folloWing 
second embodiment. 

[0024] FIG. 2 is a circuit diagram shoWing an output 
circuit of the second embodiment in accordance With the 
present invention. In FIG. 2, the like components as those 
in FIG. 1 are given like reference numerals. The output 
circuit of FIG. 2 has a signal input terminal “in,” an inverter 
101, a control terminal “od,” an AND gate 201 (logic gate), 
a pMOS transistor pMOS 103 (a second MOS transistor), an 
nMOS transistor nMOS 104 (a ?rst MOS transistor), and a 
signal output terminal “out.” The signal input terminal “in” 
and the inverter 101 constitute an input section. The control 
terminal “od” and the AND gate 201 constitute a control 
section. The pMOS 103 and nMOS 104 and the signal output 
terminal “out” make up an output section. 

[0025] The output of the inverter 101 is connected to the 
gate electrode of the pMOS 103. In the control section, the 
?rst input of the AND gate 201 is connected to the output of 
the inverter 101, an external control signal OD is applied to 
the second input of the AND gate 201, and the output of the 
AND gate 201 is connected to the gate electrode of the 
nMOS 104. 

[0026] The control section sets the signal output mode of 
the output section to the CMOS type by applying the internal 
input signal 10 to the gate electrode of the nMOS 104 When 
the control signal OD indicates a ?rst setting, While it sets 
the signal output mode of the output section to the open 
drain type by holding the nMOS 104 OFF constantly and by 
applying the internal input signal 10 to the gate electrode of 
the pMOS 103 When the control signal OD indicates a 
second setting. The ?rst setting means high level, and the 
second setting means loW level. 

[0027] The operation of the output circuit of FIG. 2 Will 
noW be described. The operation implemented When the 
control signal OD is set at the high level Will be described 
?rst. In this case, the AND gate 201 outputs the internal 
input signal 10, i.e. the inverted signal of the input signal IN, 
issued from the inverter circuit 101 as an internal signal 21. 
Hence, When the input signal IN sWitches to the high level, 
the nMOS 104 turns OFF and the pMOS 103 turns ON; or 
When the input signal IN sWitches to the loW level, the 
nMOS 104 turns ON and the pMOS 103 turns OFF. Thus, 
if the control signal OD is at the high level, then the output 
section Works as a CMOS circuit composed of the pMOS 
103 and the nMOS 104. 

[0028] The operation implemented When the control sig 
nal OD is set at the loW level Will noW be described. In this 
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case, the internal signal 21 issued from the AND gate 201 is 
?xed to the loW level regardless of the internal input signal 
10. Therefore, the nMOS 104 is alWays OFF, and if the input 
signal IN sWitches to the high level, then the pMOS 103 
turns OFF, While the pMOS 103 turns ON if the input signal 
IN sWitches to the loW level. Thus, if the control signal OD 
is at the loW level, then the output section Works as a pMOS 
open-drain circuit based on the pMOS 103. 

[0029] As set forth above, the second embodiment is 
equipped With the control section Which has the AND gate 
201 (logic gate) for controlling the nMOS 104 (the ?rst 
MOS transistor) and Which supplies the internal input signal 
10 to the gate electrode of the pMOS 103 (the second MOS 
transistor) so as to sWitch the signal output mode of the 
output section betWeen the CMOS type and the pMOS 
open-drain type by the control signal OD. Hence, even When 
the eXternal interface is changed or a plurality of eXternal 
interfaces are eXpected to be used, the circuit does not have 
to be changed since merely changing the setting of the 
control signal OD enables the circuit to adapt itself to a 
change of the external interface. 

[0030] The internal composition of the control section for 
controlling the MOS transistors of the output section is not 
limited to the one shoWn in FIG. 2. For instance, the control 
section may be constructed by an inverter and a NOR gate 
instead of the AND gate 201. 

[0031] FIG. 3 is a circuit diagram shoWing the output 
circuit of a third embodiment in accordance With the present 
invention. In FIG. 3, the like components as those in FIG. 
1 are given like reference numerals. The output circuit of 
FIG. 3 has a signal input terminal “in,” an inverter 101, a 
control terminal “od,” an OR gate 102 (logic gate), an 
inverter 301, a pMOS transistor 103 (a ?rst MOS transistor) 
and a pMOS transistor 302 (a second MOS transistor), an 
nMOS transistor 104 (a third MOS transistor), and a signal 
output terminal “out.” The control terminal “od,” the OR 
gate 102, and the inverter 301 constitute a control section. 
The pMOS’s 103 and 302 and nMOS 104 make up an output 
section. The output circuit shoWn in FIG. 3 has added the 
inverter 301 and the pMOS 302 added to the output circuit 
shoWn in FIG. 1 

[0032] The control signal OD is applied to the input of the 
inverter 301, and the inverter 301 outputs an internal signal 
30, Which is the inverted signal of the control signal OD. The 
gate electrode of the pMOS 302 is connected to the output 
of the inverter 301, the source electrode thereof is connected 
to a positive poWer supply VDD, and the drain electrode 
thereof is connected to the signal output terminal “out.” 

[0033] The control section sets the signal output mode of 
the output section to the CMOS type by applying the internal 
input signal 10 to the gate electrodes of the pMOS 103 and 
the nMOS 104 and by holding the pMOS 302 OFF con 
stantly When the control signal OD indicates a ?rst setting, 
While it sets the signal output mode of the output section to 
the pull-drain type by holding the pMOS 103 OFF con 
stantly and the pMOS 302 ON and by applying the internal 
input signal 10 to the gate electrode of the nMOS 104 When 
the control signal OD indicates a second setting. The ?rst 
setting means loW level, and the second setting means high 
level. 

[0034] The operation of the output circuit of FIG. 3 Will 
noW be described. The operation implemented When the 
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control signal OD is set at the loW level Will be described 
?rst. In this case, the OR gate 102 outputs the internal input 
signal 10, ie the inverted signal of the input signal IN, 
issued from the inverter circuit 101 as an internal signal 11. 
The internal signal 30 is ?Xed to the high level. Hence, the 
pMOS 302 is alWays OFF, and When the input signal IN 
sWitches to the loW level, the transistor pMOS 103 turns 
OFF and the nMOS 104 turns ON; or When the input signal 
IN sWitches to the high level, the pMOS 103 turns ON and 
the nMOS 104 turns OFF. Thus, if the control signal OD is 
at the loW level, then the output section Works as a CMOS 
circuit composed of the pMOS 103 and the nMOS 104. 

[0035] The operation implemented When the control sig 
nal OD is set at the high level Will noW be described. In this 
case, the internal signal 11 is ?Xed to the high level, Whereas 
the internal signal 30 is ?Xed to the loW level. Therefore, the 
pMOS 103 stays OFF constantly, While the pMOS 302 stays 
ON constantly. If the input signal IN sWitches to the loW 
level, then the nMOS 104 turns OFF, While the nMOS 104 
turns ON if the input signal IN sWitches to the high level. 
Thus, if the control signal OD is at the high level, then the 
output section Works as an nMOS pull-up drain circuit 
composed of the pMOS 302 and the nMOS 104, the pMOS 
302 serving as a pull-up device. 

[0036] As set forth above, the third embodiment is 
equipped With the control section Which has the OR gate 102 
(logic gate) for controlling the pMOS 103 (the ?rst MOS 
transistor) and the inverter 301 for controlling the pMOS 
302 (the second MOS transistor) and Which supplies the 
internal input signal 10 to the gate electrode of the nMOS 
104 (the third MOS transistor) so as to sWitch the signal 
output mode of the output section betWeen the CMOS type 
and the nMOS pull-up drain type by the control signal OD. 
Hence, even When the eXternal interface is changed or a 
plurality of eXternal interfaces are eXpected to be used, the 
circuit does not have to be changed since merely changing 
the setting of the control signal OD enables the circuit to 
adapt itself to a change of the eXternal interface. 

[0037] The output circuit of FIG. 3 may be also con?g 
ured to sWitch the signal output mode betWeen the CMOS 
type and the pMOS pull-up drain type by replacing the OR 
gate 102 by an AND gate, the pMOS’s 103 and 302 by an 
nMOS, and the nMOS 104 by a pMOS, and by inverting the 
positive poWer supply VDD and the reference poWer supply 
GND. The internal composition of the control section and 
the mode of supplying the control signal to the control 
section, ie the number of control signals supplied from 
outside, is not limited to the one shoWn in FIG. 3. For 
instance, the con?guration illustrated in FIG. 3 is such that 
the internal signal for the pMOS 103 and the internal signal 
for the pMOS 302 are both generated by using the control 
signal OD; hoWever, the control signal for the pMOS 103 
and the control signal for the pMOS 302 may be supplied 
separately from outside. The output circuit adapted to sepa 
rately supply the control signals for the pMOS’s 103 and 302 
from outside Will be described in the folloWing fourth 
embodiment. 

[0038] FIG. 4 is a circuit diagram shoWing the output 
circuit of the fourth embodiment in accordance With the 
present invention. In FIG. 4, the like components as those 
in FIG. 1 are given like reference numerals. The output 
circuit of FIG. 4 has a signal input terminal “in,” an inverter 
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101, a control terminal “od” to Which a control signal OD (a 
?rst control signal) is supplied from outside, a control 
terminal “pun” (a second control signal) to Which a control 
signal PUN is supplied from outside, an OR gate 102 (logic 
gate), a pMOS transistor 103 (a ?rst MOS transistor) and a 
pMOS transistor 302 (a second MOS transistor), an nMOS 
transistor 104 (a third MOS transistor), and a signal output 
terminal “out.” The control terminals “od” and “pun” and 
the OR gate 102 constitute a control section. The pMOS’s 
103 and 302, the nMOS 104, and the signal output terminal 
“out” make up an output section. The output circuit shoWn 
in FIG. 4 has added the pMOS 302 to the output circuit 
shoWn in FIG. 1; it is different from the one shoWn in FIG. 
3 that the control signal PUN instead of the inverted signal 
of the control signal OD is applied to the gate electrode of 
the pMOS 302. 

[0039] The control section sets the signal output mode of 
the output section to the CMOS type by applying the internal 
input signal 10 to the gate electrodes of the pMOS 103 and 
the nMOS 104 and by holding the pMOS 103 OFF con 
stantly When a control signal composed of the control 
signals OD and PUN indicates a ?rst setting; it sets the 
signal output mode of the output section to the open-drain 
type by holding the pMOS’s 103 and 302 OFF constantly 
and by applying the internal input signal 10 to the gate 
electrode of the nMOS 104 When the control signals are 
indicative of a second setting; and it sets the signal output 
mode of the output section to the pull-drain type by holding 
the pMOS 103 OFF constantly, While holding the pMOS 302 
ON constantly, and by applying the internal input signal 10 
to the gate electrode of the nMOS 104 When the control 
signals are indicative of a third setting. In this embodiment, 
the ?rst setting applies When the control signal OD is at the 
loW level and the control signal PUN is at the high level, the 
second setting applies When both the control signals OD and 
PUN are at the high level, and the third setting applies When 
the control signal OD is at the high level and the control 
signal PUN is at the loW level. 

[0040] The operation of the output circuit of FIG. 4 Will 
noW be described. The output circuit of FIG. 4 enables the 
control signal OD and the control signal PUN to be inde 
pendently set. Four different settings are possible; hoWever, 
it is not alloWed to set the control signal OD and the control 
signal PUN to the loW level at the same time. 

[0041] The operation implemented When the control sig 
nal PUN is set at the high level Will be described ?rst. In this 
case, the pMOS 302 is alWays OFF. Hence, the output circuit 
of FIG. 4 operates the same as the output circuit of FIG. 1 
according to the setting of the control signal OD. This means 
that, if the control signal OD is at the loW level and the 
control signal PUN is at the high level, then the output 
section Works as a CMOS circuit composed of the pMOS 
103 and the nMOS 104. If the control signal OD and the 
control signal PUN are both at the high level, the output 
section Works as an nMOS open-drain circuit based on the 
nMOS 104. 

[0042] The operation implemented When the control sig 
nal OD is set at the high level and the control signal PUN is 
set at the loW level Will noW be described. In this case, the 
pMOS 103 stays OFF constantly, While the pMOS 302 stays 
ON constantly. Hence, the output circuit of FIG. 4 operates 
the same as the output circuit of FIG. 3 When the control 
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signal OD is set at the high level. More speci?cally, if the 
control signal OD is at the loW level and the control signal 
PUN is at the high level, then the output section Works as an 
nMOS pull-up drain circuit composed of the pMOS 302 and 
the nMOS 104, the pMOS 302 serving as the pull-up device. 

[0043] As set forth above, the fourth embodiment is 
equipped With the control section Which has the OR gate 102 
(logic gate) for controlling the pMOS 103 (the ?rst MOS 
transistor) according to the control signal OD (the ?rst 
control signal) and Which supplies the control signal PUN 
(the second control signal) to the gate electrode of the pMOS 
302 (the second MOS transistor) and the internal input 
signal 10 to the gate electrode of the nMOS 104 (the third 
MOS transistor) so as to sWitch the signal output mode of the 
output section among the CMOS type, the nMOS open-drain 
type, and the nMOS pull-up drain type by the control signals 
OD and PUN. Hence, even When the external interface is 
changed or a plurality of eXternal interfaces are eXpected to 
be used, the circuit does not have to be changed since merely 
changing the setting of the control signal OD enables the 
circuit to adapt itself to a change of the external interface. 

[0044] As in the case of the third embodiment, the output 
circuit of FIG. 4 may be also con?gured to sWitch the signal 
output mode among the CMOS type, the pMOS open-drain 
type, and the pMOS pull-up drain type. The internal com 
position of the control section and mode in Which the control 
signals are supplied to the control section are not limited to 
those shoWn in FIG. 4. 

[0045] FIG. 5 is a circuit diagram shoWing the output 
circuit of a ?fth embodiment in accordance With the present 
invention. In FIG. 5, the like components as those in FIG. 
1 are given like reference numerals. The output circuit of 
FIG. 5 has a signal input terminal “in,” an inverter 101, a 
control terminal “drv” to Which a control signal DRV is 
applied from outside, an inverter 500 (a ?rst inverter), an OR 
gate 501 (a ?rst logic gate of the ?rst type), an AND gate 502 
(a ?rst logic gate of the second type), pMOS transistors 103 
and 503 (?rst and second MOS transistors of the ?rst 
conductive type), nMOS transistors 104 and 504 (?rst and 
second MOS transistors of the second conductive type), and 
a signal output terminal “out.” The control terminal “drv,” 
the inverter 500, the OR gate 501, and the AND gate 502 
constitute a control section. The pMOS’s 103 and 503, and 
the nMOS’s 104 and 504 make up an output section. 

[0046] The control signal DRV is applied from outside to 
the input of the inverter 500, and the inverter 500 outputs an 
internal signal 50, Which is the inverted signal of the control 
signal DRV. The ?rst input of the OR gate 501 is connected 
to the output of the inverter 101, and the second input of the 
OR gate 501 is connected to the output of the inverter 500. 
The OR gate 501 outputs an internal signal 51. The ?rst 
input of the AND gate 502 is connected to the output 
terminal of the inverter 101, and the control signal DRV is 
applied to the second input of the AND gate 502. The AND 
gate 502 issues an internal signal 52. 

[0047] The gate electrode of the pMOS 103 is connected 
to the output of the inverter 101. The gate electrode of the 
pMOS 503 is connected to the output of the OR gate 501, the 
source electrode thereof is connected to the positive poWer 
supply VDD, and the drain electrode is connected to the 
signal output terminal “out.” The gate electrode of the 
nMOS 104 is connected to the output of the inverter 101. 
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The gate electrode of the nMOS 504 is connected to the 
output of the AND gate 502, the source electrode thereof is 
connected to a reference poWer supply GND, and the drain 
electrode is connected to the signal output terminal “out” of 
the nMOS 104. 

[0048] The control section sWitches the driving capability 
of the CMOS output section by applying the internal input 
signal 10 to the gate electrodes of the pMOS 103 and the 
nMOS 104 and holding the pMOS 503 and the nMOS 504 
OFF constantly When the control signal DRV indicates a ?rst 
setting; or by applying the internal input signal 10 to the gate 
electrodes of the pMOS’s 103 and 503, and the nMOS’s 104 
and 503 When the control signal DRV indicates the second 
setting. The ?rst setting applies When the control signal DRV 
is at the loW level, and the second setting applies When the 
control signal DRV is at the high level. 

[0049] The operation of the output circuit of FIG. 5 Will 
noW be described. The operation implemented When the 
control signal DRV is set at the loW level Will be described 
?rst. In this case, the internal signal 52 issued from the AND 
gate 502 is ?Xed to the loW level. The internal signal 50 
issued from the inverter 500 sWitches to the high level, so 
that the internal signal 51 issued from the OR gate 501 is 
?Xed to the high level. Hence, the pMOS 503 and the nMOS 
504 are alWays OFF, and When the input signal IN sWitches 
to the loW level, the transistor pMOS 103 turns OFF and the 
nMOS 104 turns ON; or When the input signal IN sWitches 
to the high level, the pMOS 103 turns ON and the nMOS 
104 turns OFF. Thus, if the control signal DRV is at the loW 
level, then the output section Works as a CMOS circuit 
composed of the pMOS 103 and the nMOS 104. 

[0050] The operation implemented When the control sig 
nal DRV is set at the high level Will noW be described. In this 
case, the OR gate 501 outputs the internal input signal 10, 
Which has been issued from the inverter 101, as the internal 
signal 51, the internal signal 51 being the inverted signal of 
the input signal IN. The AND gate 502 outputs the internal 
signal 10 as the internal signal 52, the internal signal 52 
being also the inverted signal of the input signal IN. Hence, 
if the input signal IN sWitches to the loW level, then the 
pMOS’s 103 and 503 turn OFF, While the nMOS’s 104 and 
504 turn ON. If the input signal IN sWitches to the high level, 
then the pMOS’s 103 and 503 turn ON, While the nMOS’s 
104 and 504 turn OFF. Thus, if the control signal DRV is at 
the high level, then the output section Works as a CMOS 
circuit composed of the pMOS’s 103 and 503, and the 
nMOS’s 104 and 504. The driving capability of the CMOS 
circuit When the control signal DRV is at the high level is 
higher than that of the CMOS circuit When the control signal 
DRV is at the loW level. 

[0051] As set forth above, the ?fth embodiment is 
equipped With the control section Which has the inverter 500 
(the ?rst inverter), the OR gate 501 (the ?rst logic gate of the 
?rst type) for controlling the pMOS 503 (the second MOS 
transistor of the ?rst conductive type), and the AND gate 502 
(the ?rst logic gate of the second type) for controlling the 
nMOS 504 (the second MOS transistor of the second 
conductive type) and Which supplies the internal input signal 
10 to the gate electrodes of the pMOS 103 (the ?rst MOS 
transistor of the ?rst conductive type) and the nMOS 104 
(the ?rst MOS transistor of the second conductive type) so 
as to sWitch the driving capability of the CMOS output 
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circuit by the control signal DRV. Hence, even When the 
external interface is changed or a plurality of eXternal 
interfaces are eXpected to be used, the circuit does not have 
to be changed since merely changing the setting of the 
control signal DRV enables the circuit to adapt itself to a 
change of the external interface. 

[0052] The internal composition of the control section and 
the mode of supplying the control signal to the control 
section is not limited to the one shoWn in FIG. 5. As an 
alternative, a pMOS transistor and an nMOS transistor are 
respectively provided parallel to the pMOS 503 and the 
nMOS 504 of the output section, and a logic circuit gener 
ating the internal signals for controlling the transistors is 
provided in the control section so as to sWitch the driving 
capability of the output section in multiple stages. More 
speci?cally, the output section is con?gured to have a ?rst to 
an N-th (Where N is an integer of 2 or more) pMOS’s and 
a ?rst to the N-th nMOS’s. The control section is con?gured 
to have: a ?rst to an (N—1)th inverters to Which a ?rst to an 
(N—1)th control signals are respectively applied; a ?rst to an 
(N—1)th OR gates Which correspond to the ?rst to the 
(N—1)th inverters and a second to an N-th pMOS’s, respec 
tively; and a ?rst to an (N—1)th AND gates corresponding to 
the ?rst to the (N—1)th control signals and the second to the 
N-th nMOS’s. The control section is con?gured also to 
apply the internal input signal 10 to the gate electrodes of the 
?rst pMOS and the ?rst nMOS. In this con?guration, if the 
control signal composed of the ?rst to the (N—1)th control 
signals is an i-th (Where “i” is any integer from 1 to N) 
setting, then the internal input signal 10 is applied to the gate 
electrodes of the ?rst to the i-th pMOS’s and the ?rst to the 
i-th nMOS’s, and the (i+1)th to the N-th pMOS’s and the 
(i+1)th to the N-th nMOS’s are held OFF constantly, thereby 
sWitching the driving capability of the output section in 
multiple stages. As another alternative output circuit, the 
driving capability of the nMOS open-drain type output 
section thereof can be con?gured by removing the inverter 
500, the OR gate 501, and the pMOS 103 and the pMOS 503 
from the output circuit shoWn in FIG. 5, or still another 
alternative output circuit can be con?gured by removing the 
AND gate 502 and the nMOS 104 and the nMOS 504 from 
the output circuit shoWn in FIG. 5 so as to make it possible 
to sWitch the driving capability of a pMOS open-drain type 
output section. Further, the foregoing pMOS open-drain 
type output section may be provided With a pMOS transistor 
Which serves as a pull-up device and Which stays ON 
constantly to con?gure an output circuit capable of changing 
the driving capability of an nMOS pull-up drain type output 
section. Likewise, the foregoing nMOS open-drain type 
output section may be provided With an nMOS transistor 
Which serves as a pull-doWn device and Which stays ON 
constantly to con?gure an output circuit capable of changing 
the driving capability of a pMOS pull-doWn drain type 
output section. 

[0053] FIG. 6 is a circuit diagram shoWing the output 
circuit of a siXth embodiment in accordance With the present 
invention. In FIG. 6, the like components as those in FIGS. 
4 or 5 are given like reference numerals. The output circuit 
of FIG. 6 has a signal input terminal “in,” an inverter 101, 
a control terminal “od” to Which a control signal OD (a ?rst 
control signal) is applied, a control terminal “drv” to Which 
a control signal DRV (a second control signal) is applied, a 
control terminal “pun” to Which a control signal PUN (a 
third control signal) is applied, an inverter 500, OR gates 
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102, 501, and 601 (?rst, second, and third logic gates), an 
AND gate 502 (a fourth logic gate), pMOS transistors 103, 
503, and 302 (?rst, second, and third MOS transistors), 
nMOS transistors 104 and 504 (fourth and ?fth MOS 
transistors), and a signal output terminal “out.” The control 
terminals “od,”“drv,” and “pun,” the OR gates 102, 501, and 
601, and the AND gate 502 constitute a control section. The 
pMOS’s 103, 302, and 503, and the nMOS’s 104 and 504 
make up an output section. The output circuit shoWn in FIG. 
6 has added the control terminal “drv,” the inverter 500, the 
OR gates 501 and 801, the AND gate 502, the pMOS 503, 
and the nMOS 504 to the output circuit shoWn in FIG. 4, or 
it has added the control terminals “od” and “pun,” the OR 
gates 102 and 601, and the pMOS 302 to the output circuit 
shoWn in FIG. 5. 

[0054] The ?rst input of the OR gate 601 is connected to 
the output of the OR gate 501, and the control signal OD is 
applied to the second input of the OR gate 601. The OR gate 
601 outputs an internal signal 60. The OR gates 501 and 601 
may be replaced by a single OR gate in Which the internal 
input signal 10 is applied to the ?rst input thereof, the control 
signal OD is applied to the second input thereof, and the 
third input thereof is connected to the output of the inverter 
500. The gate electrode of the pMOS 503 is connected to the 
output of the OR gate 601, the source electrode thereof is 
connected to a positive poWer supply VDD, and the drain 
electrode thereof is connected to the signal output terminal 
“out 

[0055] The control section sets the signal output mode of 
the output section to the CMOS type by applying the internal 
input signal 10 to the gate electrodes of the pMOS 103 and 
nMOS 104, and the second, third, and ?fth MOS transistors 
are held OFF constantly When a control signal composed of 
the control signals OD, DRV, and PUN indicates a ?rst 
setting. When the foregoing control signal indicates a second 
setting, the control section sets the output section to a CMOS 
type having a greater driving capability than that available at 
the ?rst setting by applying the internal input signal 10 to the 
gate electrodes of the pMOS’s 103 and 503, and nMOS’s 
104 and 504, and by holding the pMOS transistor 302 OFF 
constantly. When the foregoing control signal indicates a 
third setting, the control section sets the signal output mode 
of the output section to an open-drain type by holding the 
pMOS’s 103, 503, and 302 and the nMOS 504 OFF con 
stantly and by applying the internal input signal 10 to the 
gate electrode of the nMOS 104. When the foregoing control 
signal indicates a fourth setting, the control section holds the 
pMOS’s 103, 503, and 302 OFF constantly and applies the 
internal input signal 10 to the gate electrodes of the nMOS’s 
104 and 504 so as to turn the output section into an 
open-drain type Which has a greater driving capability than 
that available at the third setting. When the foregoing control 
signal indicates a ?fth setting, the control section holds the 
?rst and second pMOS’s 103 and 503, and a ?fth nMOS 504 
OFF constantly, Whereas it holds the pMOS 302 ON con 
stantly, and applies the internal input signal 10 to the gate 
electrode of the nMOS 104 so as to set the signal output 
mode of the output section to the pull-drain type. When the 
foregoing control signal indicates a siXth setting, the control 
section holds the pMOS’s 103 and 503 OFF constantly, 
While it holds the pMOS 302 ON constantly and applies the 
internal input signal 10 to the gate electrodes of the nMOS’s 
104 and 504 so as to turn the output section into a pull-drain 
type Which has a greater driving capability than that avail 
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able at the ?fth setting. In this embodiment, the ?rst setting 
applies When the control signals OD and DRV are at the loW 
level and the control signal PUN is at the high level; the 
second setting applies When the control signal OD is at the 
loW level and both the control signals DRV and PUN are at 
the high level; the third setting applies When the control 
signal OD is at the high level, the control signal DRV is at 
the loW level, and the control signal PUN is at the high level; 
the fourth setting applies When the control signals OD, DRV, 
and PUN are at the high level; the ?fth setting applies When 
the control signal OD is at the high level, and the control 
signals DRV and PUN are at the loW level; and the siXth 
setting applies When the control signals OD and DRV are at 
the high level, and the control signal PUN is at the loW level. 

[0056] The operation of the output circuit of FIG. 6 Will 
noW be described. The output circuit of FIG. 6 enables the 
control signal OD, the control signal PUN, and the control 
signal DRV to be independently set. Eight different settings 
are possible; hoWever, it is not alloWed to set the control 
signal OD and the control signal PUN to the loW level at the 
same time. 

[0057] The operation implemented When the control sig 
nal OD is set at the loW level, the control signal PUN is set 
at the high level, and the control signal DRV is set at the loW 
level Will be described ?rst. Since the control signal PUN is 
at the high level, the pMOS 302 stays OFF constantly. Also, 
since the control signal DRV is at the loW level, the internal 
signal 52 is ?Xed to the loW level, and the internal signals 50, 
51, and 60 are ?Xed to the high level. Hence, the pMOS 503 
and the nMOS 504 also stays OFF constantly. Since the 
control signal OD is at the loW level, the internal signal 11 
is the inverted signal of the input signal IN. Accordingly, if 
the input signal IN sWitches to the loW level, then the pMOS 
103 turns OFF and the nMOS 104 turns ON. If the input 
signal IN sWitches to the high level, then the pMOS 103 
turns ON and the nMOS 104 turns OFF. Thus, the output 
circuit of FIG. 6 at this setting acts the same as the output 
circuit of FIG. 4 When the control signal OD is at the loW 
level and the control signal PUN is at the high level. This 
means that, if the control signal OD and the control signal 
DRV are at the loW level and the control signal PUN is at the 
high level, then the output section Works as a CMOS circuit 
composed of the pMOS 103 and the nMOS 104. 

[0058] The operation implemented When the control sig 
nal OD is set at the loW level, While the control signal PUN 
and the control signal DRV are set at the high level Will noW 
be described. In this case, the pMOS 302 is alWays OFF. 
Since the control signal DRV is at the high level, the internal 
signals 51 and 52 become the inverted signals of the input 
signal IN, and since the control signal OD is at the loW level, 
the internal signals 11 and 60 also become the inverted 
signals of the input signal IN. Hence, if the input signal IN 
sWitches to the loW level, then the pMOS’s 103 and 503 turn 
OFF, While the nMOS’s 104 and 504 turn ON. If the input 
signal IN sWitches to the high level, then pMOS’s 103 and 
503 turn ON, While the nMOS’s 104 and 504 turn OFF. 
Thus, if the control signal OD is at the loW level, and the 
control signal PUN and the control signal DRV are at the 
high level, then the output section Works as a CMOS circuit 
composed of the pMOS’s 103 and 503 and the nMOS’s 104 
and 504. The driving capability of the CMOS circuit When 
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the control signal DRV is at the high level is higher than that 
of the CMOS circuit When the control signal DRV is at the 
loW level. 

[0059] The operation implemented When the control sig 
nal OD and the control signal PUN are set at the high level, 
While the control signal DRV is set at the loW level Will noW 
be described. Since the control signal PUN is at the high 
level, pMOS 302 is alWays OFF. Since control signal OD is 
at the high level, the internal signals 11 and 60 are ?xed at 
the high level, and the pMOS’s 103 and 503 are OFF 
constantly. Also, since the control signal DRV is at the loW 
level, the internal signal 52 is ?xed to the loW level, and the 
nMOS 504 is OFF constantly. Hence, the output circuit of 
FIG. 6 at this setting Works the same as the output circuit of 
FIG. 4 When the control signal OD and the control signal 
PUN are at the high level. More speci?cally, When the 
control signal OD and the control signal PUN are at the high 
level, While the control signal DRV is at the loW level, then 
the output section Works as an nMOS open-drain circuit 
based on the nMOS 104. 

[0060] The operation implemented When the control sig 
nal OD, the control signal PUN, and the control signal DRV 
are all set at the high level Will noW be described. In this 
case, the pMOS’s 103, 503, and 302 stay OFF constantly. 
The AND gate 502 outputs the internal input signal 10 from 
the inverter 101 as the internal signal 52, the internal signal 
52 being the inverted signal of the input signal IN. Hence, 
the nMOS’s 104 and 504 turn OFF When the input signal IN 
sWitches to the loW level, While they turn ON When the input 
signal IN sWitches to the high level. Thus, if the control 
signal OD, the control signal PUN, and the control signal 
DRV are all at the high level, then the output section Works 
as an nMOS open-drain circuit composed of the nMOS’s 
104 and 504. The driving capability of the nMOS open-drain 
circuit When the control signal DRV is at the high level is 
higher than that of the nMOS open-drain circuit When the 
control signal DRV is at the loW level. 

[0061] The operation implemented When the control sig 
nal OD is set at the high level, While the control signal PUN 
and the control signal DRV are set at the loW level Will noW 
be described. Since the control signal PUN is at the loW 
level, pMOS 302 stays ON constantly. Since the control 
signal OD is at the high level, While the control signal DRV 
is at the loW level, the pMOS’s 103 and 503 and the nMOS 
504 stay OFF constantly. Hence, the output circuit of FIG. 
6 at this setting Works the same as the output circuit of FIG. 
4 When the control signal OD is at the high level and the 
control signal PUN is at the loW level. More speci?cally, if 
the control signal OD is at the high level, While the control 
signal PUN and the control signal DRV are at the loW level, 
then the output section Works as an nMOS pull-up drain 
circuit composed of the pMOS 302 and the nMOS 104, the 
pMOS 302 being the pull-up device. 

[0062] The operation implemented When the control sig 
nal OD is set at the high level, the control signal PUN is set 
at the loW level, and the control signal DRV is set at the high 
level Will noW be described. In this case, the pMOS 302 
stays ON constantly, While the pMOS’s 103 and 503 stay 
OFF constantly. The internal signal 52 becomes the inverted 
signal of the input signal IN. Therefore, if the input signal IN 
sWitches to the loW level, then the nMOS’s 104 and 504 turn 
ON, or if the input signal IN sWitches to the high level, then 
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the nMOS’s 104 and 504 turn OFF. Thus, if the control 
signal OD and the control signal DRV are at the high level, 
and the control signal PUN is at the loW level, then the 
output section Works as an nMOS pull-up drain circuit 
composed of the pMOS 302 and the nMOS’s 104 and 504, 
the pMOS 302 serving as the pull-up device. The driving 
capability of the nMOS pull-up drain circuit When the 
control signal DRV is at the high level is higher than that of 
the nMOS pull-up drain circuit When the control signal DRV 
is at the loW level. 

[0063] As set forth above, the siXth embodiment is 
equipped With the control section Which has: the OR gate 
102 (the ?rst logic gate) for controlling the pMOS 103 (the 
?rst MOS transistor) in accordance With the control signal 
OD (the ?rst control signal); the inverter 500, the OR gate 
501 (the second logic gate), and the OR gate 801 (the third 
logic gate) for controlling the pMOS 503 (the second MOS 
transistor) in accordance With the control signal OD and the 
control signal DRV (the second control signal); and the AND 
gate 502 (the fourth logic gate) for controlling the nMOS 
504 (the ?fth MOS transistor) in accordance With the control 
signal DRV. The control section applies the control signal 
PUN (the third control signal) to the gate electrode of the 
pMOS 302 (the third MOS transistor) and applies the 
internal input signal 10 to the gate electrode of the nMOS 
104 (the fourth MOS transistor) so as to be able to sWitch the 
output mode of the output section among the CMOS type, 
the nMOS open type, and the nMOS pull-up type in accor 
dance With the control signal OD and the control signal PUN 
and also to sWitch the driving capability in each of the signal 
output modes in accordance With the control signal DRV. 
Hence, even When the eXternal interface is changed and the 
signal output mode or the required driving capability is 
changed, or a plurality of external interfaces of different 
signal output modes or driving capabilities are eXpected to 
be used, the circuit does not have to be changed since merely 
changing the settings of the control signals OD, DRV, and 
PUN enables the circuit to adapt itself to a change of the 
external interface. 

[0064] The internal composition of the control section and 
the input mode of the control signals supplied to the control 
section are not limited to those shoWn in FIG. 6. It is also 
possible to accomplish a con?guration that permits 
changeover among the CMOS type, the pMOS open-drain 
type, and the pMOS pull-up drain type. 

[0065] It is also possible to accomplish a con?guration 
that permits changeover of the signal output mode to the 
CMOS type or the nMOS open-drain type and that also 
permits changeover of the driving capability in each signal 
output mode. To be more speci?c, the output circuit of FIG. 
6 is con?gured so that the control terminal “pun” and the 
pMOS 302 are removed, the output section thereof is 
composed of the pMOS’s 103 and 503 (the ?rst and second 
MOS transistors) and the nMOS’s 104 and 504 (the third and 
fourth MOS transistors), and the control section thereof is 
composed of the inverter 500, the OR gate 102 (the ?rst 
logic gate), the OR gates 501 and 601 (these tWo OR gates 
make up the second logic gate), and the AND gate 502 (the 
third logic gate). This con?guration makes it possible to set 
the signal output mode of the output section to the CMOS 
type by applying the internal input signal 10 to the gate 
electrodes of the pMOS 103 and the nMOS 104 and by 
holding the pMOS 503 and the nMOS 504 OFF constantly 
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When the control signal constituted by the control signals 
OD and DRV indicates the ?rst setting. When the control 
signal indicates the second setting, the internal input signal 
10 is applied to the gate electrodes of the pMOS’s 103 and 
503 and the nMOS’s 104 and 504, thus making it possible 
to turn the output section into the CMOS type having a 
greater driving capability than that available With the ?rst 
setting. When the control signal indicates the third setting, 
the pMOS’s 103 and 503, and the nMOS 504 are held OFF 
constantly, the pMOS 302 is held ON constantly, and the 
internal input signal 10 is applied to the gate electrode of the 
nMOS 104, thus making it possible to set the signal output 
mode of the output section to the nMOS open-drain type. 
When the control signal indicates the fourth setting, the 
pMOS’s 103 and 503 are held OFF constantly and the 
internal input signal 10 is applied to the gate electrodes of 
the nMOS’s 104 and 504, thus making it possible to turn the 
output section to be the nMOS open-drain type providing a 
greater driving capability than that available at the third 
setting. 
[0066] It is also possible to implement a con?guration that 
permits changeover of the signal output mode to the CMOS 
type or the nMOS pull-up drain type and that also permits 
changeover of the driving capability in each signal output 
mode. To be more speci?c, the output circuit of FIG. 6 is 
con?gured so that the control terminal “pun” is removed, an 
inverter (a second inverter) for inverting the control signal 
OD is provided, the gate electrode of the pMOS 302 is 
connected to the output of the second inverter, and the 
control section thereof is composed of the inverter 500 (the 
?rst inverter), the foregoing second inverter, the OR gate 
102 (the ?rst logic gate), the OR gates 501 and 601 (these 
tWo OR gates make up the second logic gate), and the AND 
gate 502 (the third logic gate). This con?guration makes it 
possible to set the signal output mode of the output section 
to the CMOS type by applying the internal input signal 10 
to the gate electrodes of the pMOS 103 and the nMOS 104 
and by holding the pMOS’s 503 and 302, and the nMOS 504 
OFF constantly When the control signal constituted by the 
control signals OD and DRV indicates the ?rst setting. When 
the control signal indicates the second setting, the internal 
input signal 10 is applied to the gate electrodes of the 
pMOS’s 103 and 503 and the nMOS’s 104 and 504, thus 
making it possible to turn the output section into the CMOS 
type having a greater driving capability than that available 
With the ?rst setting. When the control signal indicates the 
third setting, the pMOS’s 103 and 503, and the nMOS 504 
are held OFF constantly and the internal input signal 10 is 
applied to the gate electrode of the nMOS 104, thus making 
it possible to set the signal output mode of the output section 
to the nMOS pull-up drain type. When the control signal 
indicates the fourth setting, the pMOS’s 103 and 503 are 
held OFF constantly, While the pMOS 302 is held ON 
constantly, and the internal input signal 10 is applied to the 
gate electrodes of the nMOS’s 104 and 504, thus making it 
possible to turn the output section to be the nMOS pull-up 
drain type providing a greater driving capability than that 
available at the third setting. 

[0067] The output circuit of FIG. 6 is con?gured so as to 
make it possible to sWitch the signal output mode and the 
driving capability independently. Alternatively, hoWever, the 
output circuit may be con?gured so as to enable the signal 
output mode and the driving capability to be sWitched at the 
same time by using a single control signal. A seventh 
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embodiment set forth beloW represents the output circuit that 
sWitches the driving capability at the same time When the 
signal output mode is sWitched from the CMOS type to the 
open-drain type. 

[0068] FIG. 7 is a circuit diagram shoWing the output 
circuit of the seventh embodiment in accordance With the 
present invention. In FIG. 7, like components as those 
shoWn in FIG. 1 and FIG. 5 are assigned like reference 
numerals. The output circuit of FIG. 7 has a signal input 
terminal “in,” an inverter 101, a control terminal “od,” an 
OR gate 102 (a ?rst logic gate), an AND gate 502 (a second 
logic gate), a pMOS transistor 103 (a ?rst MOS transistor), 
a nMOS transistors 104 and 504 (second and third MOS 
transistors), and a signal output terminal “out.” The control 
terminal “od,” the OR gate 102, and the AND gate 502 
constitute a control section. The pMOS 103 and the nMOS’s 
104 and 504 constitute an output section. The output circuit 
of FIG. 7 has added the AND gate 502 and the nMOS 504 
to the output circuit of FIG. 1. 

[0069] A ?rst input of the AND gate 502 is connected to 
the output of the inverter 101, and a control signal OD is 
applied to a second input of the AND gate 502. The AND 
gate 502 outputs an internal input signal 70. The gate 
electrode of the nMOS 504 is connected to the output of the 
AND gate 502, the source electrode thereof is connected to 
a reference poWer supply GND, and the drain electrode 
thereof is connected to the signal output terminal “out.” 

[0070] When the control signal OD indicates a ?rst set 
ting, the control section applies the internal input signal 10 
to the gate electrodes of the pMOS 103 and nMOS 104 to 
hold the nMOS 504 OFF constantly, thereby turning the 
output section into the CMOS type. LikeWise, When the 
control signal OD indicates a second setting, the control 
section holds the pMOS 103 OFF constantly, and applies the 
internal input signal 10 to the gate electrodes of the nMOS’s 
104 and 504, thereby turning the output section into the 
open-drain type Which provides a greater driving capability 
than that available at the ?rst setting. In this embodiment, the 
?rst setting applies When the control signal OD is at the loW 
level, and the second setting applies When the control signal 
OD is at the high level. 

[0071] The operation of the output circuit of FIG. 7 Will 
be described. The operation carried out When the control 
signal OD has been set at the loW level Will be described 
?rst. In this case, an internal input signal 60 issued from the 
AND gate 502 is ?Xed to the loW level, and the nMOS 504 
stays OFF constantly. Hence, the output circuit of FIG. 7 at 
this setting acts the same as the output circuit of FIG. 1 
When the control signal OD is at the loW level. In other 
Words, When the control signal OD is at the loW level, the 
output section Works as a CMOS circuit composed of the 
pMOS 103 and the nMOS 104. 

[0072] The operation carried out When the control signal 
OD has been set at the high level Will noW be described. In 
this case, an internal signal 11 issued from the OR gate 102 
is ?Xed to the high level. The AND gate 502 issues the 
internal input signal 10 from the inverter 101 as the internal 
input signal 70, and the internal input signal 70 becomes the 
inverted signal of the input signal IN. Accordingly, the 
pMOS 103 stays OFF constantly, and the nMOS’s 104 and 
504 turn OFF When the input signal IN sWitches to the loW 
level, While they turn ON When the input signal IN sWitches 
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to the high level. Thus, When the control signal OD is at the 
high level, the output section operates as an nMOS open 
drain circuit composed of the nMOS’s 104 and 504. When 
the output section Works as the nMOS open-drain circuit, the 
driving capability of the nMOS is higher than that of the 
nMOS available When the output section Works as a CMOS 
circuit. 

[0073] As set forth above, the seventh embodiment is 
equipped With the control section Which has the OR gate 102 
(the ?rst logic gate) for controlling the pMOS 103 (the ?rst 
MOS transistor) and the AND gate 502 (the second logic 
gate) for controlling the nMOS 504 (the third MOS transis 
tor), and Which applies the internal input signal 10 to the gate 
electrode of the nMOS 104 (the second MOS transistor) so 
as to be able to sWitch the signal output mode of the output 
section to the CMOS type or the nMOS open-drain type by 
the control signal OD and also to sWitch the driving capa 
bility at the same time Whenever the signal output mode is 
sWitched. Hence, even if the nMOS of the output section is 
required to provide a higher driving capability When the 
output circuit Works as the nMOS open-drain type than that 
When it Works as a CMOS type, optimum driving capabili 
ties can be set for each type. 

[0074] The internal composition of the control section and 
the input mode of the control signals supplied to the control 
section are not limited to those shoWn in FIG. 7. It is also 
possible to accomplish a con?guration that permits 
changeover betWeen the CMOS type and the pMOS open 
drain type having different driving capabilities. In the case 
of the output circuit of FIG. 7, the driving capability of the 
nMOS of the output section When the output section Works 
as the CMOS type is higher than that When the output 
section Works as the open-drain type; hoWever, the output 
circuit can alternatively be con?gured so that the driving 
capability of the nMOS of the output section When the 
output section Works as the open-drain type is higher than 
that When the output section Works as CMOS type. The 
output circuit in Which the driving capability is higher When 
it Works as the open-drain type than it Works as the CMOS 
Will be described in terms of an eighth embodiment given 
beloW. 

[0075] FIG. 8 is a circuit diagram shoWing the output 
circuit of an eighth embodiment in accordance With the 
present invention. In FIG. 8, like components as those 
shoWn in FIG. 1 and FIG. 6 are assigned like reference 
numerals. The output circuit of FIG. 8 has a signal input 
terminal “in,” an inverter 101, a control terminal “od,” an 
inverter 801, an OR gate 102 (a ?rst logic gate), an AND 
gate 502 (a second logic gate), a pMOS transistor 802 (a ?rst 
MOS transistor), nMOS transistors 104 and 504 (second and 
third MOS transistors), and a signal output terminal “out.” 
The control terminal “od,” the inverter 801, the OR gate 102, 
and the AND gate 502 make up a control section. The pMOS 
802 and nMOS’s 104 and 504 make up an output section. 
The output circuit of FIG. 8 has added the inverter 801, the 
AND gate 502, and the nMOS 504 to the output circuit of 
FIG. 1, and has replaced the pMOS 103 by the pMOS 802 
Which provides a higher driving capability than the pMOS 
103. The pMOS 802 may be substituted by the pMOS 103 
and the pMOS 503 of FIG. 5 Which are connected in 
parallel. 
[0076] A control signal OD is supplied to the input of the 
inverter 801, and the output of the inverter 801 is connected 
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to a ?rst input of the AND gate 502. The inverter 801 outputs 
an internal signal 80 Which is the inverted signal of the input 
signal IN. The AND gate 502 outputs an internal signal 81. 
The gate electrode of the pMOS 802 is connected to the 
output of the OR gate 102, the source electrode thereof is 
connected to a positive poWer supply VDD, and the drain 
electrode thereof is connected to the signal output terminal 
“out 

[0077] The control section sets the output section to the 
CMOS type by applying the internal input signal 10 to the 
gate electrodes of the pMOS 103 and the nMOS’s 104 and 
504 When the control signal OD indicates a ?rst setting. 
When the control signal OD indicates a second setting, the 
control section holds the pMOS 103 and the nMOS 504 OFF 
constantly and applies the internal input signal 10 to the gate 
electrode of the nMOS 104 so as to turn the output section 
into the open-drain type Which provides a loWer driving 
capability than that available at the ?rst setting. In this case, 
the ?rst setting applies When the control signal OD is at the 
loW level, and the second setting applies When the control 
signal OD is at the high level. 

[0078] The operation if the output circuit of FIG. 8 Will be 
described ?rst. The operation carried out When the control 
signal OD has been set at the high level Will be described 
?rst. At this setting, the internal signal 80 from the inverter 
801 is at the loW level, so that the internal signal 81 issued 
from the AND gate 502 is ?Xed to the loW level, and the 
nMOS 504 stays OFF constantly. Hence, the output circuit 
of FIG. 8 acts the same as the output circuit of FIG. 1 When 
the control signal OD is at the high level. This means that, 
if the control signal OD is at the high level, then the output 
section operates as an nMOS open-drain circuit composed of 
the nMOS 104. 

[0079] The operation carried out When the control signal 
OD has been set at the loW level Will noW be described. At 
this setting, the OR gate 102 issues the internal input signal 
10 from the inverter 101 as the internal signal 11, and the 
internal signal 11 becomes the inverted signal of the input 
signal IN. The AND gate 502 issues the internal input signal 
10 from the inverter 101 as the internal signal 81, and the 
internal signal 81 becomes the inverted signal of the input 
signal IN. Hence, When the input signal IN sWitches to the 
loW level, the pMOS 802 turns OFF, the nMOS’s 104 and 
504 turn ON. When the input signal IN sWitches to the high 
level, the pMOS 802 turns ON, While the nMOS’s 104 and 
504 turn OFF. Thus, if the control signal OD is at the loW 
level, then the output section operates as a CMOS circuit 
composed of the pMOS 802 and nMOS’s 104 and 504. The 
output circuit of FIG. 8 is characteriZed by that the driving 
capability of the nMOS Working in the CMOS circuit is 
higher than that of the nMOS Working in the nMOS open 
drain circuit, Which is opposite from the case of the output 
circuit of FIG. 7. 

[0080] As set forth above, the eighth embodiment is 
equipped With the control section Which has an OR gate 102 
(the ?rst logic gate) for controlling the pMOS 802 (the ?rst 
MOS transistor), and the inverter 801 and the AND gate 502 
(the second logic gate) for controlling the nMOS 504 (the 
third MOS transistor), and Which applies the internal input 
signal 10 to the gate electrode of the nMOS 104 (the second 
MOS transistor). This makes it possible to sWitch the signal 
output mode of the output section to the CMOS type or the 
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nMOS open-drain type by the control signal OD. Further 
more, the driving capability at the time of switching the 
signal output mode can be also switched at the same time. 
Hence, even if the nMOS of the output section is required to 
provide a higher driving capability When the output circuit 
Works as the CMOS type output circuit than that When it 
Works as the nMOS open-drain type output circuit, optimum 
driving capabilities can be set for each type. 

[0081] The internal composition of the control section and 
the input mode of the control signals supplied to the control 
section are not limited to those illustrated in FIG. 8. The 
output circuit of FIG. 8 can be also con?gured to sWitch 
betWeen the CMOS type and the pMOS open-drain type. 

[0082] Thus, the output circuit in accordance With the 
present invention is provided With the control section so as 
to sWitch the signal output mode or the driving capability of 
the output section in response to the control signals supplied 
from outside, or to sWitch the signal output mode and the 
driving capability of the output section at the same time or 
independently. This provides an advantage in that the output 
circuit is able to adapt itself to a plurality of external 
interfaces, Which have different signal output modes and 
different required driving capabilities, Without the need for 
changing the circuit. 

What is claimed is: 
1. An output circuit receiving an external input signal and 

a control signal, comprising: 

an input circuit generating an internal input signal in 
response to the external input signal; 

an output circuit including a pMOS transistor coupled 
betWeen a positive potential source and an output 
terminal and an nMOS transistor coupled betWeen a 
reference potential source and the output terminal, a 
gate of one of the transistors being received the internal 
input signal; and 

a control circuit receiving the internal input signal and the 
control signal and outputting an internal signal in 
response to the internal input signal and the control 
signal to a gate of the other one of the transistor, said 
control circuit outputting the internal input signal as the 
internal signal Where the control signal has a ?rst level 
and outputting a predetermined level signal as the 
internal signal Where the control signal has a second 
level so that the other one of the transistor has a 
predetermined state. 

2. An output circuit according to claim 1, Wherein said 
control circuit is an OR gate connected to the gate of the 
pMOS transistor. 

3. An output circuit according to claim 2, Wherein said 
control circuit holds the pMOS transistor ON state con 
stantly Where the control signal has the ?rst level. 

4. An output circuit according to claim 1, Wherein said 
control circuit is an AND gate connected to the gate of the 
nMOS transistor. 

5. An output circuit according to claim 4, Wherein said 
control circuit holds the nMOS transistor an OFF state 
constantly Where the control signal has the ?rst level. 

6. An output circuit according to claim 1, further com 
prising: 

an additional pMOS transistor coupled betWeen the posi 
tive potential source and the output terminal, said 
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additional pMOS transistor having a gate receiving a 
derived signal produced in response to the control 
signal. 

7. An output circuit according to claim 6, Wherein said 
control circuit is an OR gate connected to the gate of the 
pMOS transistor, and the derived control signal is a reversed 
control signal generated by an inverter. 

8. An output circuit according to claim 1, further com 
prising: 

an additional pMOS transistor coupled betWeen the posi 
tive potential source and the output terminal, said 
additional pMOS transistor having a gate receiving an 
additional control signal. 

9. An output circuit according to claim 1, further com 
prising: 

an additional nMOS transistor coupled betWeen the ref 
erence potential source and the output terminal; and 

an additional control circuit receiving the internal input 
signal and the control signal and outputting an addi 
tional internal signal in response to the internal input 
signal and the control signal to a gate of said additional 
nMOS transistor, said additional control circuit output 
ting the internal input signal as the additional internal 
signal Where the control signal has the second level and 
outputting a loW level signal as the additional internal 
signal Where the control signal has the ?rst level so that 
said additional nMOS transistor is in an OFF state. 

10. An output circuit according to claim 1, further com 
prising: 

an additional nMOS transistor coupled betWeen the ref 
erence potential source and the output terminal; and 

an additional control circuit receiving the internal input 
signal and the control signal and outputting an addi 
tional internal signal in response to the internal input 
signal and the control signal to a gate of said additional 
nMOS transistor, said additional control circuit output 
ting the internal input signal as the additional internal 
signal Where the control signal has the ?rst level and 
outputting a loW level signal as the additional internal 
signal Where the control signal has the second level so 
that said additional nMOS transistor is in an OFF state. 

11. An output circuit according to claim 10, further 
comprising: 

an additional pMOS transistor coupled betWeen the posi 
tive potential source and the output terminal, said 
additional pMOS transistor having a gate receiving the 
internal input signal. 

12. An output circuit according to claim 11, further 
comprising: 

a second additional pMOS transistor coupled betWeen the 
positive potential source and the output terminal, said 
second additional pMOS transistor having a gate 
receiving an additional control signal; and 

a gate control circuit coupled to the pMOS transistor of 
the said output circuit and said additional pMOS tran 
sistor, said gate control circuit holds the pMOS tran 
sistor of the said output circuit and said additional 
pMOS transistor an OFF state constantly Where a 
predetermined signal is received thereto. 
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13. An output circuit receiving an external input signal level signal as the internal signal to hold the other one 
and a control signal, comprising: of the transistor a predetermined state Where the control 

signal has a second level so that the output circuit is 
operated as a predetermined type output circuit other 
than CMOS output circuit. 

14. An output circuit according to claim 13, Wherein said 
control circuit holds the pMOS transistor an ON state, and 
the predetermined type is an pull-up drain type. 

an input circuit generating an internal input signal in 
response to the external input signal; 

an output circuit including a pMOS transistor coupled 
betWeen a positive potential source and an output 
terminal and an nMOS transistor coupled betWeen a 
reference potential source and the output terminal, a 
gate of one of the transistors being received the internal 15~ An Output Circuit according to Claim 13> wherein Said 
input Signal; and control circuit holds the pMOS transistor an OFF state, and 

. . . . . . _ the redeterrnined t e is an o en-drain t e. 
a control c1rcu1trece1v1ng the internal input signal and the p yp p yp 

control signal and outputting an internal signal in 
response to the internal input signal and the control 
signal to a gate of the other one of the transistor, said 
control circuit outputting the internal input signal as the 17- An Output Circuit according to Claim 13> wherein Said 
internal signal Where the control signal has a ?rst level Control Circuit receives a plurality of Control Signals 
so that the output circuit is operated as a CMOS output 
circuit, said control circuit outputting a predetermined * * * * * 

16. An output circuit according to claim 13, Wherein said 
control circuit holds the nMOS transistor an OFF state, and 
the predetermined type is a pMOS open-drain type. 


