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"INTERFACE CIRCUIT FOR USE IN A
SEMICONDUCTOR INTEGRATED CIRCUIT"

Background of the Invention

This invention relates to a MOS semiconductor
integrated circuit and'more specifically to a
interface circuit for an input circuit, an outéut
circuit, or an input/output circuit( which provides
protection against ESD.

A MOS semiconductor integrated circuit is provided'
with a protection circuit for the purpose of protecting .
the gate oxide of a MOS transistor from breakdown (ESD:
Electrostatic Destruction) based on a surge voltage
applied to an external terminal.

FIG. 1 shows an example of an'input protection
circuit which is normally used. An input terminal 81
of a MOS semiconductor integrated circuit is connecteé
by a protection circuit 82 to an input circuit 83. The
input circuit 83 includes a MOS transistor 84. The

protection circuit 82 is composed of a P-channel MOS

transistor (hereinafter referred to as a PMOS) 85 the

source-drain path of which is connected between a
supply voltage Vcc and the input terminal 81, an N-
channel MOS transistor (hereinafter referred to as an
NMOS) 86 the source-drain path of which is connected
betﬁeen a reference supply voltage Vss and the input
terminal 81, and a resistor 87 connected between the

input terminal 81 and the input circuit 83. Normally
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the back gate of a PMOS is connected to its source,
i.e., the supply voltage Vcc, while the back gate of an
NMOS is connected to its source, i.e., the reference
supply voltage Vss.

In the circuit thus arranged, when a surge voltage
of positive polarity which is much higher than normal
signal voltages is applied to the input terminal 81, it
is passed to the supply voltage Vcc side through a
parasitic PN diode that is present between the drain
and back gate of the PMOS 85, protecting the gate oxide
of the MOS transistor 84 in the input circuit 83 from
breakdown. When, on the other hand, a surge voltage of
negative polarity which is lower than 0V (the reference
supply voltage_Vss), i.e., the low'level of normal
signal voltages, is applied, it is passed to the Vss
side through a parasitic PN junction present between .
the drain and back gate of the NMOS 86, protecting the
gate oxide of the MOS transistor 84 from breakdown.
Note that the resistor 87 in the protection circuit 82
is provided to form a CR type of lowpass filter with
the gate capacitance of the MOS transistor 84 and so
prevent a surge voltage from being applied to the gate
of the MOS transistor 84 in the input circuit 83
immediately after application of the surge voltage to
the input terminal 81.

FIG. 2 shows another example of an input

protection circuit. In this example, an NMOS 88 is
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used in place of the PMOS 85 in the protection circuit
82 of fIG. 1. In this case, a positive surge voltage
applied to the input terminal 81 is passed to the Vcc
side by the transistor operation of an NPN parasitic
bipolar transistor constructed from the source, drain
and back gate of the NMOS 88. For a negative surge
voltage the protection circuit 82 6perates in the same
manner as the protection circuit of FIG. 1.

With the advance of fine pattern processing
techniques for semiconductor devices, on the other
hand, the withstand voltages of MOS transistors have
lowered. With the lowéring of the withstand voltages,
processes applied to devices adapted to 3.3V power
supply.system have appeared in addition to processes
for devices based on 5V power supply system. No
voltage for the 5V power supply system can be applied
between the gate and the drain and between the gate and
the source of devices manufactured by processes for the
3.3V power supply system. If, therefore, devices for
5V power supply system and devices for 3.3V power |
supply system are used in combination, then an interface
circuit will be needed which permits signal transmission
between a circuit for 5V supply system and a circuit
for 3.3V supply system.

FIG. 3 shows an input circuit (an interface
circuit) which is constructed by the use of a process

adapted to 3.3V supply system and permits a signal
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adapted to 5V supply system to be entered. This
circuit is described in "An ll-ns 8K x 18 CMOS Static
RAM with 0.5 z m Device" by D. T. Wong, et al, FIG. 15,
IEEE J. Solid-state circuits, vol. 23, No. 5, October
1988. A signal adapted to 5V supply system applied to
an input terminal 91 is applied to the common gates of
a PMOS 93 and an NMOS 94 via the source-to-drain
current path of an NMOS 92. The gate of the NMOS 92 is
connected to the supply voltage Vcc of 3.3V system.
Between the supply voltage Vcc and the source of the
PMOS 93 is connected the source-to-drain current path
of a PMOS 95 having its gate connected to the input
terminal 91. The drains of the PMOS 93 and the NMOS 94
are connected together. A signal at their common
drains is sent to the inside of an integrated circuit.
The source of the NMOS 94 is connected to the reference
supply voltage Vss.

In this circuit, since the gate'of the NMOS 92 is

- supplied with the supply voltage Vcc (3.3V), even if a

5V signal is applied to input terminal 91, the voltage
at node a which is connected to the common gates of
PMOS 93 and NMOS 94 and corresponds to the source.or
drain of NMOS 92 will not go higher than (VcéJ; vtn)
where Vtn represents ihe threshold voltage of NMOS 92.
Thus, the 5V signal is not applied between the gate and
source and between the gate and drain of NMOS 92. Such

is the case with each of PMOS 93 and NMOS 94.
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Therefore, gate-oxide breakdown never occurs in all of
MOS transistors. Note that PMOS 95 the gate of which
is connected to input terminal 91 is provided so as to
prevent a high through-current from flowing between Vee
and Vss terminals in the event that, for some reason,

the voltage at node a becomes the intermediate level

‘and PMOS 93 and NMOS 94 thus turn ON simultaneously.

That is, it is when an input signal is at 5V that PMOS
93 must be turned OFF and, at this point, PMOS 95 is
turned OFF, preventing such a through current from
occurring.

FIG. 4 shows an input circuit which is different
from the input circuit of FIG. 3. 1In this circuit,
PMOS 95 that the circuit of FIG. 3 has is removed, but
its basic operation remains unchanged from FIG. 3.

FIG. 5 shows an output circuit constructed by the
use of a process for 3.3V supply system, which is
described in "A 3.3V ASIC for Mixed Voltage Application
with Shut Down Mode" by M. Ueda, et al., FIG. 1, IEEE
1993 ciIcc, 25.5.1; This circuit is arranged to output
a signal INPUT based on 3.3V supply system from an
output terminal 101 on the basis of an output enable
signal ENABLE. When a signal at a high level is output
from the output terminal 101, a PMOS 102 in the output
stage is turned ON on the basis of signals INPUT and
ENABLE. To output a low-level signal, on the other

hand, an NMOS 103 in the output stage is turned ON. 1In
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order to prevent gate-oxide breakdown even when a 5V-
supply system signal is applied to output terminal 101,
the source-to-drain current path of an NMOS 104 is
connected between output terminal 101 and the drain of
NMOS 103. That essential part of the output ciicuit of
FIG. 5 which is adapted to set output terminal 101 to
the low level is indicated in FIG. 6.

In the circuit of FIG. 6, when a voltage of 5V is
applied to output terminal 101 in the disable state
where the signal ENABLE is set high, the voltage at
node b connected to the drain of NMOS 103 and the
source or drain of NMOS 104 will not go higher than
(Vec - Vin) where Vtn represents the threshold voltage
of NMOS 104 because a supply voltaée Vece of 3.3V is
applied to the gate of NMOS 104. Thus, a voltage of 5V
is not applied between the gate and drain of NMOS 103,
preventing gate-oxide breékdown.

In the interface circuits of FIGS. 3, 4 and 5 as
well, there is a need for some protection circuit
against ESD. However, such abproaches as shown in
FIGS. 1 and 2 cannot be used. The reason will be
described below.

FIG. 7 shows the combined use of the input circuit
of FIG. 3 and thelprotection circuit of FIG. 1, while
FIG. 8 shows the combined use of the input circuit of
FIG. 3 and the protection éircuit of FIG. 2. 1In

FIGS. 7 and B8, like reference numerals are used to
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denote corresponding parts to those in FIG. 3 and their
description is omitted.

When, in the circuit of FIG. 7, a voltage of 5V is
applied to input terminal 91, the parasitic PN diode
present between the drain and back gate of PMOS 85 is
forward-biased, causing a large current to flow from
the 5V supply to the 3.3V supply through that PN diode.
This current may cause device breakdown. Further, when
a voltage of 5V is applied to input terminal 91, this
voltage is applied between the gate and drain of NMOS
86, causing gate-oxide breakdown in NMOS 86.

In the circuit of FIG. 8, when a voltage of 5V is
applied to input terminal 91, this voltage is applied
between the gate and drain of NMOS 88, causing gate-
oxide breakdown. Likewise, a voltage of 5V is applied
between the gate and drain of NMOS 86, causing gate-
oxide breakdown.

Next, output circuits will be described. FIG. 9
shows the combined use of the output circuit of FIG. 5
and the protection circuit of FIG. 1, while FIG. 10
shows the combined use of the output circuit of FIG. 5
and the protection circuit of FIG. 2. Those essential
parts of the output circuits of FIGS. 9 and 10 which.
set their output terminals 101 to the low level are
indicated in FIGS. 11 and 12, respectively.

For the same reason as in the input circuits of

FIGS. 7 and 8, in the circuits of FIGS. 11 and 12 as
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well, gate-oxide breakdown will occur in MOS transistors
in the protection circuits when output terminal 101 is
supplied with 5V.

Thus, integrated interface circuits which provide
internal protection against a surge voltage applied to
an external terminai have drawbacks that, when a signal
voltage higher than an internal supply voltage is -
applied to the external terminal, a large current flows
through a protection circuit itself and gate-oxide
breakdown occurs in the protection circuit, destroying
the protection circuit.

Summary of the Invention

It is therefore an object of.the invention to
provide an interface circuit for use in a semiconductor
integrated circuit which provides internal protection
against a surge voltage applied to an external terminal
and prevents the breakdown of a protection circuit even
when a signal voltage higher than an internal supply
voltage is applied to the external terminal.

According to an aspect of the present invention,
there is provided an interface circuit for use in a
semiconductor integrated circuit comprising: an
external terminal; a first N-channel MOS transistor for
suppressing a voltage having its source-to-drain |
current path connected at one end thereof to the
external terminal and its gate connected to an internal

supply voltage; and a protection circuit against surge



=

10

15

20

25

voltage connected to the other end of the current path
of the first N-channel MOS transistor.

According to another aspect of the present inven-
tion, there is provided an interface circuit for use in
a semiconductor integrated circuit comprising: an
external terminal; a first N-channel MOS transistor for
suppressing a voltage having its source-to-drain current
path connected at one end thereof to the external
terminal and its gate connected to an internal supply
voltage; a second N-channel MOS transistor for surge.
protection having its source-to-drain current path
connected between the other end of the current path of
the first MOS transistor and a reference supply voltage;
and a third N-channel MOS transistor for surge protec-
tion having its source-to-drain current path connected
between the internal supply voltage and the external
terminal and its gate connected to the other end of the
current path of the first N-channel MOS transistor.

According to still another aspect of the present
invention, there is provided an interface circuit for
use in a semiconductor integrated éircuit comprising:
an external terminal; a first N-channel MOS transistor
for suppressing a voltage having its source-to-drain
current path connected at one end thereof to the
external terminal and its gate connected to an internal
supply voltage; and a protection circuit against surge

voltage connected between the other end of the current
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path of the first N-channel MOS transistor and an
internal circuit.

According to a further aspect of the present
invention, there is provided an interface circuit for
use in a semiconductor integrated circuit comprising:
an external terminal; a first N-channel MOS tranéistor
for suppressing a voltage having its source-~to-drain
current path connected at its one end thereof to the
external terminal and connected at its other end
thereof to an internal circuit and its gate connected
to an internal supply voltage; a second N-channel MOS
transistor for suppressing a voltage having its source-
to-drain current path connected at one end thereof to
the exterﬁal terminal and its gate-connected to an
internal supply voltage; and a surge protection circuit
connected to the other end of the current path of the
second N-channel transistor.

According to a still further aspect of the present
invention, there is provided an interface circuit for
use in a semiconductor integrated circuit comprising:
an external terminal; a first N-channel MOS transistor
for suppressing a voltage having its source-to-drain -
current path connected at one end thereof to the
external terminal and its gate connected to an internal
supply voltage; a first surge protection circuit
connected between the other end of the current path of

the first N-channel MOS transistor and an internal
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circuit; a second N-channel MOS transistor for
suppressing a voltage having its source-to-drain
current path connected at one end thereof to the signal
input terminal and its gate connected to the internal
supply voltage; and a second surge protection circuit
connected to the other end of the current path of the
second N—channel MOS transistor.

Brief Description of the Drawings

FIG. 1 is a schematic diagram of an example of a
normally used input protection circuit;

FIG. 2 is a schematic diagram of another example
of a norﬁally used input protection circuit;

FIG. 3 is a schematic diagram of an example of
a conventional input circuit}

FIG. 4 is a schematic diagram of another example
of a conventional input circuit;

FIG. 5 is a schematic diagram of an example of a
conventional output circuit;

FIG. 6 shows an essential part of the ouﬁput
circuit of FIG. 5;

FIG. 7 shows a circuit in which the input circuit
of FIG. 3 and the protection circuit of FIG. 1 are used
in combination;

FIG. 8 shows a circuit in which the input circuit
of FIG. 3 and the protection circuit of FIG. 2 are used
in combination;

FIG. 9 shows a circuit in which the output circuit
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of FIG. 5 and the protection circuit of FIG. 1 are used
in combination;

FIG. 10 shows a circuit in which the output
circuit of FIG. 5 and the protection circuit of FIG. 2
are used in combination;

FIG. 11 shows an essential part of the output
circuit of FIG.'9;

FIG. 12 shows an essential part of the output
circuit of FIG. 10;

| FIG. 13 is a schematic diagram of an interface
circuit according to a first embodiment of the present
invention which is applied to an input circuit;

FIG. 14 is a schematic diagram of an interface
circuit according to a second embodiment of the present
invention which is applied to an input circuit;

FIG. 15 is a schematic diagram of an interface
circuit according to a third embodiment of the present
invention which is applied to an input circuit;

FIG. 16 is a schematic diagram of an interface
circuit according to a fourth embodiment of the present
inventign which is applied to an input circuit;

FIG. 17 is a schematic diagram of an interface
circuit according to a fifth embodiment of the present
invention which is applied to an input circuit;

FIG. 18 is a schematic diagram of an intérface
circuit according to a sixth embodiment of the present

invention which is applied to an input circuit;
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FIG. 19 is a
circuit according
present invention

FIG. 20 is a
circuit according
present invention

FIG. 21 is a

circuit according

schematic diagram of an interface

to ‘a seventh embodiment of the

which is applied to an input circuit;
schematic diagram of an interface

to an eighth embodiment of the

which is applied to an input circuit;
schematic diagram of an interface

to a ninth embodiment of the present

invention which is applied to an input circuit;

FIG. 22 is a

circuit according

schematic diagram of an interface

to a tenth embodiment of the present

invention which is applied to an input circuit;

FIG. 23 is a
circuit according
present inﬁention

FIG. 24 is a
circuit according
present invention

FIG. 25 is a
circuit according
present invention

FIG. 26 is a
circuit according
present invention

FIG. 27 is a
circuit according

present invention

schematic diagram of an interface

to an eleventh eﬁbodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a twelfth embodiment of the

which is applied to an input circuit;
schematic diagram of an interface

to a thirteenth embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a fourteenth embodiment of the
which is applied td an input circuit;
schematic diagram of an interface

to a fifteenth embodiment of the

which is applied to an input circuit;
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FIG. 28 is a
circuit according
present invention

FIG. 29 is a
circuit according
present invention

FIG. 30 is a
Circuit according
present invention

FIG. 31 is a
circuit according
present invention

FIG. 32 is a
circuit according
present invention

FIG. 33 is a
circuit according
present invention

FIG. 34 is a
circuit according
present invention

FIG. 35 is a
circuit according
present invention

FIG. 36 is a

circuit according

present invention

schematic diagram of an interface

to a sixteenth embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a séventeenth embodiment of the
which is applied to an input circuit;

schematic diagram of an interface

to an eighteenth'embodiment of the

which is applied to an input circuit;
schematic diagram of an interface

to a nineteenth embodiment of the
which is applied to an input circuit;
schemétic diagram of an interface

to a twentieth eﬁbodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a twenty-first embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a twenty-second embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a twenty-third embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a twenty-fourth embodiment of the

which is applied to an input circuit;
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FIG. 37 is a
circuit according
present invention

FIG. 38 is a
circuit according
present invention

FIG. 39 is a
circuit according
present invention

| FIG. 40 is a
circuit according
present invention

FIG. 41 is a
circuit according
present invention

FIG. 42 is a
circuit according
present invention

FIG. 43 is a
circuit according
present invention

FIG. 44 is a
circuit according
present invention

FIG. 45 is a
circuit according

present invention

schematic diagram of an interface

to a twenty-fifth embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a twenty-sixth embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a twenty-seventh embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a twenty-eighth embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a twenty-ninth embodiment of the
which is applied to an input circuit;
schematic diagram of an interface
to a thirtieth embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a thirty-first embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a thirty-second embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a thirty-second embodiment of the

which is applied to an input circuit;
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FIG. 46 is a
circuit according
present invention

FIG. 47 is a
circuit according
present invention

FIG. 48 is a
circuit according
present invention

FIG. 49 is a
circuit according
present invention

FIG. 50 is a
circuit according
present invention

FIG. 51 is a
circuit according
present invention

FIG. 52 is a
circuit according
present invention

FIG. 53 is a
circuit according
present invention

FIG. 54 is a
circuit according

present invention

schematic diagram of an interface

to a thirty-fourth embodiment of the
which is applied to an input éircuit;
schematic diagram of an interface

to a thirty-fifth embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a thirty-sixth embodiment‘pf the
which is applied to an input circuit;
schematic diagram of an interface '
to a thirty-seventh embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a thirty-eighth embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a thiity-ninth embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a fortieth embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a fortyéfirst embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a forty-second embodiment of the

which is applied to an input circuit;
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FIG. 55 is a
circuit according
present invention
circuit;

FIG. 56 is a
circuit according
present invention

FIG. 57 is a
circuit according
present invention

FIG. 58 is a

circuit according

present invention

schematic diagram of an interface
to a forty-third embodiment of the

which is applied to an output

schematic diagram of an interface

to a forty-fourth embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a forty-fifth embodiment of the
which is applied to an input circuit;
schematic diagram of an interface

to a forty-sixth embodiment of the

which is applied to an input circuit;

FIG. 59 shows an essential part of the output

circuit of FIG. 55;

FIG. 60 shows an essential part of the output

circuit of FIG. 56;

FIG. 61 shows an essential part of the output

circuit of FIG. 57;

FIG. 62 shows an essential part of the output

circuit of FIG. 58;

FIG. 63 is a

circuit according

present invention;

schematic diagram of an interface

to a forty-seventh embodiment of the

FIG. 64 is a schematic diagram of an interface

circuit according

present invention;

to a forty-eighth embodiment of the
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FIG. 65 is a
circuit according
present invention
circuit;

FIG. 66 is a
circuit according
present invention
circuit;

FIG. 67 is a
circuit according
present invention
circuit;

FIG. 68 is a
circuit according
present invention
circuit;

FIG. 69 is a
circuit according
present invention
circuit;

FIG. 70 is a

circuit according

present invention

circuit; and

FIG. 71 is a

schematic diagram of an interface
to a forty-ninth embodiment of the

which is applied to an input/output

schematic diagram of an interface
to a fiftieth embodiment of the

which is applied to an input/output

schematic diagram of an interface
to a fifty-first embodiment of the

which is applied to an input/ouﬁput

schematic diagram of an interface
to a fifty-second embodiment of the

which is applied to an input/output

schematic diagram of an interface
to a fifty-third embodiment of the

which is applied to an input/output
schematic diagram of an interface
to a fifty-fourth embodiment of the

which is applied to an input/output

schematic diagram of a modification

of the interface circuits according to the respective

embodiments of the present invention.
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Detailed Description of the Preferred Embodiments

- Referring now to FIG. 13, there is shown an
interface circuit according to a first embodiment of
the invention which is applied to an input circuit
which is constructed by the use of a process for 3.3V
supply system and permits entry of signals for 5V
supply system. To an input terminal 11 is connected an
end of the source-to-drain current path of a voltage
suppression NMOS 12, which has its gate connected to a
3.3V-system supply voltage Vcc. The other end of the
current path of NMOS 12 is connected by a protection
circuit 13 to the common gates of a PMOS 14 and an NMOS
15 in the input stage of an internal circuit. The '
protection cirﬁuit 13 comprises a fMOS 16 and an NMOS
17. The PMOS 16 has its source énd gate connected
together to supply voltage Vcc and its drain connected
to the common gates of PMOS 14 and NMOS 15. The NMOS
17 has its source and gate connected together to a
reference voltage supply Vss and its drain connected to
the common gates of PMOS 14 and NMOS 15. The PMOS 14
and NMOS 15 in the input stage are joined at their
drains and a signal taken at the common drains is fed
into the inside of the integrated circuit. The source
of NMOS 15 is connected to the reference supply voltage
Vss. Between the supply voltage Vcc and the source of
PMOS 14 is coﬁnected the source-to-drain current path

of a PMOS 18, which has its gate connected to input
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terminal 11.

That is, the feature of the circuit is that the
source-drain path of voltage suppression NMOS 12 is
disposed between input terminal 11 and protection
circuit 13. Note here that, though not shown, the back
gates of PM0OSs and NMOSs are connected to their
respective sources. Such is the case with other
embodiments to be described later.

In the input circuit thus arranged, when a 5V
signal is applied to input terminal 11, the voltage at
one of the source and drain of NMOS 12 that is
connected to protection circuit 13 will not go higher
than (Vecc - Vtn) where Vtn is the threshold voltage of
NMOS 12 because the gate of NMOS 12 is connected to the
3.3V supply voltage Vcc. Thus, a voltage of 5V is not
applied between the gate and source and between the
gate and drain of NMOS 12. Likewise, a voltage of 5V
is not impressed between the gate and source and
between the gate and drain of each of PMOSs 14, 16 and
NMOSs 15, 17. Por this reason, none of the MOS
transistors, including the transistors in the protection
circuit, suffer gate-oxide breakdown. In this example
as well, since PMOS 18 the gate of which is controlled
by a signal at input terminal 11 is connected between
PMOS 14 and Vcc, no through-current will flow between
Vcc and Vss.

When a surge voltage is applied to input terminal
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11, on the other hand, it is transmitted to the other
end of the current path of NMOS 12 via NMOS 12 and a
parasitic NPN bipolar transistor consisting of the
source, back gate and drain of NMOS 12 and then passed
to the supply voltage Vcc or Vss through the parasitic
PN diode present between the drain and back gate of
PMOS 16 or NMOS 17 in protection circuit 13.
Consequently, the internal circuit can bé protected
from ESD.

FIGS. 14 and 15 show interface circuits according
to second and third embodiments of the invention which
are applied to an input circuit. The input circuit of
FIG. 14 is distinct from the circuit of FIG. 13 in that
a resistor 19, which is equivalent.in function to
protection resistor 87 shown in FIGS. 1 and 2, is
connected between input terminal 11 and the connection
point between the one end of the current path of NMOS
12 and the gate of PMOS 18. In the input circuit of
FIG. 15, two separate resistors 19A and 19B are used in
place of protection resistor 19 in the circuit of
FIG. 14, resistor 19A being connected between input
terminal 11 and NMOS 12 and resistor 19B being
connected between input terminal 11 and the gate of
PMOS 18.

In the circuits of FIGS. 14 and 15, each
protection resistor and its associated MOS transistor’s

gate capacitance form a CR type of lowpass filter.
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When a surge voltage is applied to input terminal 11,
the lowpass filter prevents it from being applied to
protection circuit 13 immediately, thus further
increasing the resistance to ESD breakdown.

- FIG. 16 shows an interface circuit according to a
fourth embodiment of the invention which is applied to
an input circuit which is constructed by the use of a
process for 3.3V supply system and permits entry of
signals of 5V supply system. This circuit is distinct
from the circuit of FIG. 13 in that PMOS 16 in
protection circuit 13 is replaced with an NMOS 20,
which has its drain connected to the supply voltage
Vece, its source connected to the common gates of PMOS
14 and NMOS 15 and its gate connected to the reference
supply voltage Vss.

The circuit thus arranged is distinct from the
circuit of FIG. 13 in that, when a positive surge
voltage is applied to input terminal 11, it is passed
to Vcc by the transistor action of a parasitic NPN
bipolar transistor consisting of the source, back gate
and drain of NMOS 20 in protection circuit 13.

FIGS. 17 and 18 show interface circuits according
to fifth and sixth embodiments of the invention which
are applied to an input circuit. The input circuit of
FIG. 17 is distinct from the circuit of FIG. 16 in that
a protection resistor 19, which is equivalent in

function to protection resistor 87 shown in FIGS. 1 and
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2, is connected between input terminal 11 and the
connection point between the one end of the current
path of NMOS 12 and the gate of PMOS 18. In the input
circuit of FIG. 18, two separate resistors 19A and 19B
are used in place of protection resistor 19 in the
circuit of FIG. 17, resistor 19A being connected
between input terminal 11 and NMOS 12 and resistor 19B
being connected between input terminal 11 and the gate
of PMOS 18.

With the circuits of FIGS. 17 and 18, it is
possible to prevent a surge voltage applied to input
terminal 11 from being applied to protection circuit 13
immediately for the same reason as describéd
previously, thus further increasing the resistance to
ESD breakdown.

FIG. 19 shows an interface circuit according to-a
seventh embodiment of the invention which is applied to
an input circuit which is constructed by the use of a
process for 3.3V supply system and permits entry of
signals for 5V supply system as with the circuit of
FIG. 4.

That is, this circuit is distinct from the circuit
of FIG. 13 in that PMOS 18 is omitted. Thus, the
advantages of the circuit remain unchanged from those
of the circuit of FIG. 13.

FIG. 20 shows an interface circuit according to an

eighth embodiment of the invention which is applied to
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an input circuit. This circuit is distinct from the

‘circuit of FIG. 19 in that a protection resistor 19 is

connected between input terminal 11 and NMOS 12. For
the same reason as in the embodiments of FIGS. 14, 15,
17 and 18, this circuit can prevent a surge voltage
applied to input terminal 11 from being applied to
protection circuit 13 immediately, thus further
increasing the resistance to ESD breakdown.

FIG. 21 shows an interface circuit according to a
ninth embodiment of the invention which is applied to
an input circuit which is constructed by the use of a
process for 3.3V.supply system and permits entry of
signals for 5V supply system. This circuit is distinct
from the circuit of FIG. 16 in that PMOS 18 is omitted.
Thus, the advantagé is substantially the same as that
of the circuit of FIG. 16.

FIG. 22 shows an interface circuit according to a
tenth embodiment of the invention which is applied an
input circuit. This circuit is distinct from the
circuit of FIG. 21 in that a protection resistor 19 is
connected between input terminal 11 and one énd of the
current path of NMOS 12. This circuit can prevent a
surge voltage applied to input terminal 11 from being
impressed to protection circuit 13 immediately for the
same :easbn as in the circuits of FIGS. 14, 15, 17 and
18, thus further increasing the resistance to ESD

breakdown.
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.FIG. 23 shows an interface circuit according to an
eleventh embodiment of the invention which is applied
to an input circuit which is constructed by the use of
a procéss for 3.3V supply system and permits entry of
signals for 5V supply system. To input terminal 11 is
connected one end of the source-to-drain current path
of a fifst NMOS 12A used for voltage suppression, which
has its gate connected to 3.3V system supply voltage
Vce. The other end of the current path of NMOS 12A is
connected by a first protection circuit 13A to the
common gates of PMOS 14 and NMOS 15 in the input stage
of the internal circuit. First protection circuit léA
comprises a PMOS 16A and an NMOS 17A. PMOS 16A has its
source and gate connected to supply voltage Vcc and its
drain connected to the common gates of PMOS 14 and NMOS
15, while NMOS 17A has its source and gate connected to
reference supply voltage Vss and its drain connected to
the common gates of PMOS 14 and NMOS 15. The drains of
PMOS 14 and NMOS 15 in the input stage are connected to
each other. A signal at the common drains of PMOS 14
and NMOS 15 is fed to the inside of the integrated
circuit. The source of NMOS 15 is connected to the
reference supply voltage Vss. Between the supply
voltage Vcc and the source of PMOS 14 is connected the
source~to-drain current path of a PMOS 18, which has
its gate connected to input terminal 11.

To input terminal 11 is connected one end of the
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source~to-drain current path of a second voltage
suppression NMOS 12B, which has its gate connected to
the 3.3V system supply voltage Vcc. To the other end
of the current path of NMOS 12B is connected a second
protection ciréuit 13B which comprises a PMOS 16B and
an NMOS 17B as in first prdtection circuit 13A. 1In
this protection circuit, PMOS 16B has its source and
gate connected to supply voltage Vcc and its drain
connected to fhe other end of the current path of NMOS
12B, while Nﬁos'17B has its source and gate connected
to reference supply voltage Vss and its drain connected
to the other end of the current path of NMOS 12B.

That is, the features of the circuit of FIG. 23
are that first and second NMOSs 12A and 12B are used as
voltage suppression NMOSs, the source-to-~drain current
path of first NMOS 12A is disposed between input
terminal 11 and first protection circuit 13A, and the
source-to-drain current path of second NMOS 12B is
disposed between input terminal 11 and second protec-
tion circuit 13B.

In the input circuit thus arranged, when a 5V
signal is applied to input terminal 11, the voltage at
each of those sources or drains of NMOSs 12A and 12B
which are respectively connected to first and second
protection circuits 13A and 13B will not go higher than
(Vec - Vtn) where Vtn is the threshold voltage of NMOSs

12A and 12B because the gates of NMOSs 12A and 12B are
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each connected to the the supply voltage Vcc of 3.3V.
Thus, a voltage of 5V is not applied between the gate

and source and between the gate and drain of each of

'NMOSs 12A and 12B. Likewise, a voltage of 5V is not

impressed between the gate and source and between the

~gate and drain of each of PMOSs 14, 16A and 16B and

NMOSs 15, 17A and 17B. For this reason, none of the
MOS transistors, including the transistors in first and
second protection circuits 13A and 13B, suffer gate-
oxide breakdown. |

When a surge voltage is applied to input terminal

‘11, on the other hand, it is passed to the supply

voltage Vcc or the reference supply voltage Vss through
second NMOS 12B and a parasitic PN diode present
between the drain and back gate of PMOS 16B or a
parasitic PN diode present between the drain and the
back gate of NMOS 17B in second protection circuit

13B, thus protecting the internal circuit from ESD
breakdown.

In the circuit of FIG. 23, since second protection
circuit 13B protects the internal circuit from ESD
breakdown,'first protection circuit 13A is merely used
as supplement. Thus, the MOS transistors in first
protection circuit 13A can be made small in comparison
with those in second protection circuit 13B. Alter-
natively, first protection circuit 13A may be omitted

as in the fourteenth embodiment circuit shown in
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FIG. 26.

FIGS. 24 and 25 show interface circuits according
to twelfth and thirteenth embodiments of the invention
which are each applied to an input circuit. The input
circuit of FIG. 24 is distinct from the circuit of
FIG. 23 in that a protection resistor 19 is connected
between input terminal 11 and the connection point
between the gate of PMOS 18 and the source-to-drain
current path of each of first and second NMOSs 12A and
12B. In the input circuit of FIG. 25, two separate
resistors 19A and 19B are used in place of protection
resistor 19 used in the circuit of FIG. 24, resistor
19A being connected between inpﬁt terminal 11 and first
NMOS 12A and resistor 19B being coﬁnected between input
terminal 11 and the gate of PMOS 18.

For the same reason described in connection with
the embodiments of FIGS. 14 and 15, the embodiments of
FIGS. 24 and 25 as well can prevent a surge voltage
applied to input terminal 11 from being impressed to
protection circuit 13A and the like immediately, thus
further increasing resistance to ESD breakdown.

As with the eleventh embodiment, in the twelfth
and thirteenth embodiments, since second protection
circuit 13B protects the internal circuit from ESD
breakdown, first protection circuit 13A is merely used
as supplement. Thus, the MOS transistors in first

protection circuit 13A can be made small in comparison



10

15

20

25

with those in second protection circuit 13B. Alter-
natively, first protection circuit 13A may be omitted
as in a fifteenth embodiment circuit shown in FIG. 27
or a sixteenth embodiment circuit shown in FIG. 28.

FIG. 29 shows an interface circuit according to a
seventeenth embodiment of the invention which is
applied to an input circuit which is constructed by the
use of a process for 3.3V supply system and permits
entry of signals for 5V supply system. This circuit is
distinct from the circuit of FIG. 23 in that PMOSs 16A
and 16B in first and second protection circuits 13A and
13B are replaced with NMOSs 20A and 20B, respectively.
NMOS 20A has its drain connected to the supply voltage
Vee, its sburce connected to the common gates of PMOS
14 and NMOS 15, and its gate connected to the reference
supply voltage Vss. NMOS 20B hés its drain connected
to the supply voltage Vcc, its source connected to the
connection point of NMOSs 12B and 17B, and its gate
connected to the reference supply voltage Vss.

The circuit thus arranged is distinct from the
circuit of FIG. 23 in that, when a surge voltage of
positive polarity is applied to input terminal 11, it
is passed to Vec by the transistor action of an NPN
parasitic bipolar transistor consisting of the source,
back gate and drain of each of NMOSs 20A and 20B in
protection circuits 13A and 13B.

In this embodiment, since second protection
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circuit 13B protects the internal circuit from ESD
breakdown, first protection circuit 13A is used as
supplement. Thus, the MOS transistors.in first
protection circuit 13A can be made small in comparison
with those in second protection circuit 13B. Alter-
natively, first protection circuit 13A may be omitted
as in a twentieth embodiment circuit shown in FIG. 32.

FIGS. 30 and 31 show interface circuits according
to eighteenth and nineteenth.embodiménts of the
invention which are each applied to an input circuit.
The input circuit of FIG. 30 is distinct froﬁ the
circuit of FIG. 29 in that a protection resistor 19 is
connected between input terminal 11 and the connection
point between the gate of PMOS 18 ﬁnd one end of the
source-~-drain path of each of first and second NMOSs 12A
and 12B. In the input circuit of FIG. 31, two separate
resistors 19A and 19B are used instead of protection
resistor 19 used in the circuit of FIG. 30, resistor-
19A being connected between input terminal 11 and NMOS
12A and resistor 19B being connected between input
terminal 11 and the gate of PMOS 18.

As with the seventeenth embodiment circuit, in the
eighteenth and nineteenth embodiment circuits, since
second protection circuiﬁ 13B protects the internal
circuit from ESD breakdown, first protection circuit
13A is used as supplement. Thus, the MOS transistors

in first protection circuit 13A can be made small in
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comparison with those in second protection circuit 13B.
Alternatively, first protection circuit 13A may be
omitted as in a twenty-first embodiment circuit shown
in PIG. 33 or a twenty-second embodiment circuit shown
in FIG. 34.

FIG. 35.shows an interface circuit according to a
twenty-third embodiment of the invention which is
applied to an input circuit which is constructed by the
use of a process for 3.3V supply system and permits
entry of signals for 5V supply system. This circuit is
distinct from the circuit of FIG. 23 in that PMOS 18A
is omitted and PMOS 16A in first protection circuit 13A
is replaced with'an NMOS 20A. NMOS 20A has its drain
connected to the supply voltage Vcd, its source
connected to the common gates of PMOS 14 and NMOS 15,
and its gate connected to the reference supply voltage
Vss. Thus, first and second protection circuits 13A
and 13B may differ from each other in arrangement.

In this embodiment, since second profection
circuit 13B protects the internal circuit from ESD
breakdown, first protection circuit 13A is merely used
as supplemént. Thus, the MOS transistors in first

protection circuit 13A can be made small in comparison

.with those in second protection circuit 13B. Alter-

natively, first protection circuit 13A may be omitted
as in a twenty-fifth embodiment circuit shown in

FIG. 37.
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FIG. 36 shows.an interface circuit according to a
twenty-fourth embodiment of the invention which is
applied an input circuit. This circuit is distinct
from the circuit of FIG. 35 in that a protection
resistor 19 is connected between input terminal 11 and
one end of the current path of NMOS 12A., This circuit
can prevent a surge voltage applied to input terminal
11 from being impressed to protection circuit ;3A
immediately for the same reason as in the circuit of
FIG. 14, thus further increasing the resiétance to ESD
breakdown.

As Qith the twenty—third embodiment, in this
embodiment, since second protection circuit 13B
protects the internal circuit from.ESD breakdown, first
protection circuit 13A is merely used as supplement.'
Thus, the MOS transistors in first protection circuit.
13A can be made small in comparison with those in
second protection circuit 13B. Alternatively, first
protection circuit 13A may be omitted as in a twenty-
sixth embodiment circuit shown in FIG. 38.

FIG. 39 shows an interface circuit according to a
twenty-seventh embodiment of the invention which is
applied to an input circuit. This circuit is distinct
from the circuit of FIG. 35 in that PMOS 16B in second
protection circuit 13B is replaced with an NMOS 20B.
NMOS 20B has its drain connected to supply voltage Vecc,

its source connected to the connection point of NMOSs
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12B and 17B, and its gate connected to reference supply
voltage Vss.

In this.embodiment as well, since second protection
circuit 13B protects the internal circuit from ESD
breakdown, first protection circuit 13A is merely used
as supplement. Thus, it is allowed to make the MOS
transistors in first protection circuit 13A small in
comparison with those in second protection circuit 13B.
Alternativély, first protection circuit 13A may be
omitted as in éltwenty-ninth embodiment circuit shown
in FIG. 41.

FIG. 40 shows an interface circuit acqbrding to a
twenty—éighth'embodiment of the invention which is

applied an input circuit. This circuit is distinct

-from the circuit of FIG. 39 in that a protection

resistor 19 is connected between input terminal 11 and
one end of the current path of first NMOS 12A. This
circﬁit can prevent a surge voltage applied to input
terminal 11 from being impressed to protection circuit
13A immediately for the same reason as in the circuit:
of FIG. 14, thus further increasing the resistance to
ESD breakdown.

As with the twenty-seventh embodiment, in the-
twenty-eighth embodiment, since second protection
circuit 13B protects the internal circuit from ESD
breakdown, first protection circuit 13A is merely used

as supplement. Thus, the MOS transistors in first
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protection circuit 13A can be made small in comparison
with those in second protection circuit 13B. Alter;
natively, first protection circuit 13A may be omitted
as in a thirtieth embodiment circuit shown in FIG. 42.

FIG. 43 shows an interface circuit according to a
thirty~-first embodiment of the invention which is
applied to an input circuit which, as with the circuit
of FIG. 3, is conétructed by the use of a process
adapted to 3.3V supply system and permits entry of
signals adapted to 5V supply system. To input terminal
11 is connected one end of the source-to-drain current
path of voltage suppression NMOS 12 the gate of which
is connected to 3.3V supply voltage Vecc. The other end
of NMOS 12 is connected to thé comﬁon gates of PMOS 14
and NMOS 15 in the input stage of the internal circuit.
PMOS 14 and NMOS 15 have their drains connected
together and NMOS 15 has its source connected to
reference supply voltage Vss. A signal at the common
drains of PMOS 14 and NMOS 15 is fed to the inside of
the ihtegrated circuit. Between supply voltage Vcc and
the source of PMOS 14 is connected the source-to-drain
current path of PMOS 18, which has its gate connected
to input terminal 11.

To the other end of the current path of NMOS 12 is
connected the drain of NMOS 21, which has its source
and gate connected to reference supply voltage Vss.

Further, to'input terminal 11 is connected the source
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of NMOS 22, which has its drain connected to supply
voltage Vecc and its gate connected to node a, i.e., the
connection point of NMOSs 12 and 21.

That is, the features of the circuit are that the
source-to-drain current pafh of voltage suppression
NMOS 12 is disposed between input terminal 11 and the
input stage of the internal circuit, NMOS 21 is
connected between the other end of the current path of
NMOS 12 and Vss, and an NMOS 22 is connected between
input terminal 11 and Vcc, the gate of which is
connected to receive a signal that passed through
NMOS 12.

In the input circuit thus arranged, when a surge
voltage of negative polarity is appiied to input
terminal 11, it is passed to the reference supply
voltage Vss through NMOS 12 and a parasitic PN diode
present between the drain and the back gate of NMOS 21.

As long as a signal voltage at input terminal 11
is in the range of Vss to Vcc, on the other hand, NMOS
12 will never turn ON. The reason is that, since the
gate of NMOS 12 is fixed at Vcc, the voltage Va at
node a to which the other end of the current path
of NMOS 12 and NMOSs 21 and 22 are connected is
(0 = Va =Vcc - Vtn) where Vtn is the threshold '
voltage of NMOS 12. And, when a signal voltage applied
to input terminal 11 is Vcc (high level), the gate-to-

source voltage Vgs of NMOS 22 is Vgs = 0, so that NMOS
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22 turns OFF. Thus, a voltage of 5V will never be
applied to the input stage of the internal circuit.

When a positive surge voltage higher than the
supply voltage Vcc is applied to input terminal 11, it
is passed to Vcec through NMOS 22 and a parasitic NPN
bipolar transistor formed of the drain, back gate, and
source of NMOS 22. Even if, therefore, a surge voltage
is applied to input terminal 11, gaﬁe-oxide breakdown
will not occur though the source of NMOS 22 is
connected to input terminal 11.

FIGS. 44 and 45 show interface circuits according
to thirty-second and thirty-third embodiments of the
invention which are eéch applied to an input circuit.
The input circuit of FIG. 44 is distinct from the
circuit of FIG. 43 in that a protection resistor 19 is
connected between input terminal 11 and one end of the
current path of NMOS 12. 1In the input circuit of
FIG. 45, two separate resistors 19A and 19B are used
instead of protection resistor 19 used in the circuit
of FIG. 44, resistor 19A being connected between input
terminal 11 and NMOS 12A and resistor 19B being
connected between input terminal 11 and the gate of
PMOS 18. |

The thirty-second and thirty-third embodiment
circuits of FIGS. 44 and 45 can prevent a surge voltage
applied to input terminal 11 from being impressed to

voltage suppression NMOS 12 and the internal circuit
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immediately, thus further increasing the resistance to
ESD breakdown.
FIG. 46 shows an interface circuit according to a

thirty-fourth embodiment of the invention which is

‘applied to an input circuit which, as with the circuit

of FIG. 3, is constructed by the use of a process
adapted to 3.3V supply system and permits entry of
signals adapted to 5V supply system. To input terminal
11 is connected one end of the source-to-drain current
path of a first voltage suppression NMOS 12A the gate
of which-is connected to 3.3V supply voltage Vcc. To
the other end of the current path of NMOS 12A is
connected the drain of an NMOS 21A for protection
against ESD, which has its source and gate connected to
reference supply voltage Vss. The other end of the
current path of NMOS 12A is connected to the common
gates of PMOS 14 and NMOS 15 in the input stage of the
internal circuit. PMOS 14 and NMOS 15 have their
drains connected together and NMOS 15 has its source
connected to reference supply voltage Vss. A signal at
the common drains of PMOS 14 and NMOS 15 is fed to the
inside of thé integrated circuit. Between the supply
voltage Vcc and the source of PMOS 14 is connected the
source~to-drain current path of PMOS 18, which has its
gate connected to input terminal 11.

To input terminal 11 is connected one end of the

source-to-drain current path of a second voltage
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suppression NMOS 12B, which has its gate connected to
3.3V system supply voltage Vcc. To the other end of
the current path of NMOS 12B is connected the drain of
NMOS 21B which has its source and gate connected to
reference supply voltage Vss. The gate of NMOS 22,
which has its source connected to input terminal 11 and
its drain connected to Vecc, is connected to the other
end of the current path of NMOS 12B, i.e., the
connection point of NMOS 12B and NMOS 21B.

That is, the circuit is characterized in that NMOS
12B and NMOS 21B are added to the circuit of FIG. 43.

With the circuit of FIG. 46, when a 5V signal is
applied to input terminal 11, the voltage at the other
end of the current path.of NMOS 12A will not go higher
than (Vcc - Vtn) where Vtn is the fhreshold voltage of
NMOS 12A because the gate of NMOS 12A is connected to
the 3.3V supply voltage Vcc. Thus, a voltage of 5V is
not applied between the gate and source and between the
gate and drain of NMOS 12A. Such is the case with each
of PMOS 14 and NMOS 15. PFor this reason, these MOS
transistors will not suffer gate-oxide breakdown.

When a surge voltage is applied to input terminal
11, on the other hand, it is passed to the reference
supply voltage Vss or the supply voltage Vcc through
NMOS 12B and NMOS 21B or NMOS 22, thereby protecting
the internal circuit from ESD breakdown.

FIGS. 47 and 48 show interface circuits according
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to thirty-fifth and thirty-sixth embodiments of the
invention which are each applied to an input circuit.
The input circuit of FIG. 47 is distinct from the
circuit of FIG. 46 in that a protection resistor 19 is
connectea between input terminal 11 and one end of the
current path of each of NMOSs 12A and 12B. In the
input circuit of FIG. 48, three separate resistors 193,
19B and 19C are used instead of protection resistor 19
used in the circuit of FIG. 47, resistor 19A being
connected between inpdt terminal 11 and NMOS 12A and
resistor 19B being connected between input terminal 11
and the gate of PMOS 18, and resistor 19C being
connected between the other end of the current path of
NMOS 12B and the gafe of NMOS 22. |

The thirty-seventh and thirty-sixth embodiment
circuits of FIGS. 47 and 48 can prevent a surge voltage
applied to input terminal 11 from_being impressed to
voltage suppression NMOS 12A and the internal circuit
immediately, thus further increasing the resistance to
ESD breakdown.

FIG. 49 shows an interface circuit according to a
thirty~-seventh embodimenf of the invention which is
applied to an input circuit which, as in FIG. 4, is
constructed by the use of a process for 3.3V supply
system and permits entry of signals for S5V supply
system. This circuit is distinct from the circuit of

FIG. 43 in that PMOS 18 is omitted. Thus, the



10

15

20

25 .

advantage is substantially the same as that of the
circuit of FIG. 43. |

FIG. 50 shows an interface circuit according to a
thirty-eighth embodiment of the invention which is
applied an input circuit. This circuit is distinct
from the circuit of FIG. 49 in that a protection
resistor 19 is connected between input terminal 11 and
the connection point of the current paths of NMOS 12
and NMOS 22. This circuit can prevent a surge voltage
applied to input terminal 11 from being impressed to
protection.circuit immediately for the same reason as
in the circuits of FIGS. 14, 15, 17 and 18, thus
further increasing the resistance to ESD breakdown.

FIG. 51 shows an interface circuit according to a
thirty-ninth embodiment of the invention which is
applied td an input circuit. This circuit is distinct
from the circuit of FIG. 49 in that protection resistor
19 is connected between one end of the current path of
NMOS 22, connected to input terminal 11, and one end of
the current path of NMOS 12.

FIG. 52 shows an interface circuit according to a
fortieth embodiment of the invention which is applied
to an input circuit which, as in FIG. 4, is constructed
by the use of a process for 3.3V supply system and
permits entry of signals for 5V supply system. This
circuit is distinct from the circuit of FIG. 46 in that

PMOS 18 is omitted. Thus, the advantage is
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substantially the same as that of the circuit of
FIG. 46.

FIG. 53 shows an interface circuit according to a
forty-first embodiment 6f the invention which is
applied an input circuit. This circuit is distinct
from the circuit of FIG. 52 in that a protection
resistor 19 is connected between input terminal 11 and
the connection point of the current paths of NMOS 12A
and NMOS 12B. This circuit can prevent a surge voltage
applied to input terminal 11 from being impressea to
protection circuit immediately for the same reason as
in the circuits of FIGS. 14, 15, 17 and 18, thus
further increasing the resistance to ESD breakdown.

FIG. 54 shows an interface circuit according to
a forty-second embodiment of the invention which is
applied to an input circuit. The input circuit of
FIG. 54 is distinct from the ciréuit of FIG. 53 in that
two separate resistors 19A and 19B are used instead of
protection resistor 19 used in the circuit of FIG. 53,
resistor 19A being connected between input terminal 11
and NMOS 12A and resistor 19B being connected between
the other end of the current path of NMOS 12B and the
gate of NMOS 22.

FIG. 55 shows an interface circuit according to a
fourth-third embodiment of the invention which is
applied to an output circuit which, as in FIG. 5, is

constructed by the use of a process adapted to 3.3V



10

15

20

25

supply system. This output circuit is basically

“arranged to, on the one hand, output a high-level

signal voltage (Vcc: 3.3V) from an output terminal 33
by controlling the gate of an output PMOS 32 in
accordance with an output of a NAND gate 31 when it
receives an input signal INPUT at a high level of 3.3V
supply system and an output enable Signal ENABLE and,
on the other hand, output a low-level signal voltage
(Vss: 0V) from output terminal 33 by controlling the
gate of an output NMbS 35 by an output of an NOR gate
34 when it receives a low-level input signal and the
inverse of the output enable signal ENABLE.

To output terminal 33 is connected one end of the
source~-to-drain current path of a Qoltage suppression
NMOS 36, the other end of which is connected to the
drain of NMOS 35 and a protection circuit 37. The gate
of NMOS 36 is connected to Vece. The protection circuit
37 is composed of a PMOS 38.and an NMOS 39. PMOS 38
has its source and gate connected to Vcc and its drain
connected to the connection point of NMOSs 35 and 36,
while NMOS 39 has its source and gate connected to Vss
and its drain connected to the connection point of
NMOSs 35 and 36.

In the output circuit thus arranged, output
terminal 33 is connected to a bus line not shown.
Thus, there is a possibility that a circuit connected

to that bus line may 6utput a voltage of 5V. 1In such
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a case, this voltage is applied to output terminal 33.
At this point, the voltage at one of the source and the
drain of.NMOS 36 that is connected to protection
circuit 37 will not go higher than (Vec - Vtn) where
VEn is the threshold voltage of NMOS 36 because the
gate of NMOS 36 is connected to the 3.3V supply voltage
Vce. Therefore, a voltage of 5V is not applied between
the gate and source and between the gate and drain of
NMOS 36. Such is the case with NMOS 35. For this
reason, no gate-oxide breakdown occurs in all MOS
transistors including the MOS transistors in protection
circuit 37.

When a surge voltage is applied to output terminal
33, on the other hand, it is passed to supply voltage
Vce ox referencé supply voltage Vss through NMOS 36 and
a parasitic PN diode present between the drain and back
gate of PMOS 38 or a parasitic PN diode present between
the drain and back gate of NMOS 39 in protection
circuit 37, thus.protecting.the internal circuit from
ESD breakdown.

Other MOS transistors than those described above
are provided as supplement for other purposes than
setting output terminal 33 to a high level or low
level. These MOS transistors used as supplement will
be described briefly. MOS transistors 40, 41, 42 and
43 are provided for avoiding cifcuit breakdown when a

voltage highef than Vcc, say, 5V, is applied to output
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terminal 33. That is, assume that this output circuit
is in the tri-state. At this point, NAND gate 31
provides a high-levei output. When output terminal 33
is biased to more than Vecc, PMOS 43 turns off, so that
the common back gates of MOS transistors 32, 41, 42 and
43 are disconnected from Vecc. These back gates are
raised to a vbltage that is lower than 5V at output
terminal 33 by a VF (forward voltage drop across a PN
junction) through a PN junction between the drain and
back gate of each of PMOSs 32 and 42 and then stabilize.
Thus, leakage to the common back gates that would occur
normélly is avoided. On the other hand, a voltage of
5V at output terminal 33 is transmitted to the gate of
PMOS 32 via PMOS 42. For this reason, PMOS 32 will not
turn ON even if output terminal 33 is biased to a
higher voltage than Vecec, avoiding leakage to Vece. At
this point, PMOS 41 is connected to output terminal 33
the voltage at which is 5V and it is therefore
completely OFF. The gate of NMOS 40 is connected to
Vece. Thus, a voltage of Vcc or more transmitted to the

gate of PMOS 32 will not appear at the output terminal

. of NAND gate 31. MOS transistors 40, 41, 42 and 43

function as described above when a voltage of Vcc or
more is applied to output terminal 33.

Next, the operation when the voltage level at
output terminal 33 is changed to the low level will be

described. PMOS 43 turns ON because its gate voltage
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falls. As a result, the common back gates of MOS
transistors 32, 41, 42 and 43 are biased to the Vcc
level. PMOS 41 has a function of transferring a high-
level output of NAND gate 31 to the gate of PMOS 32
without any voltage drop when output terminal 33 is at
a voltage sufficiently lower than Vcec.

MOS transistors 44 to 54 are provided for reducing
power supply noise at the time of switching. Assume'
now that outpﬁt terminal 33 is at the low level, that
is, input signal INPUT is at the low level. In this
case, PMOSs 47, 48 and NMOS 54 are ON and the connection
point of NMOSs 35 and 36 is at the low level. NMOS 50
is OFF since.the input signal is low, and the drain of
PMOS 45 is at the high level, so that PMOS 44 is OFF.

In this state, when the input signal is changed to the
high level, PMOS 47 turns OFF and NMOS 50 turns ON. As
a result, a current path is established from Vcc to the
connection point of NMOSs 35 and 36 through MOS

transistors 45, 46, 50 and 51. At this point, the

. voltage at the drain of PMOS 45 (the gate of PMOS 44)

falls from the initial voltage Vce, turning PMOS 44 ON.
Since NMOS 49 is ON from the beginning, a current flows
from Vec to the output terminal of NAND gate 31 through
PMOS 44 and NMOS 49. Since the input signal has gone
high, NAND gate 31 will inherently produce a low-level
output. However, ihe output of NAND gate 31 goes léw

slowly because of MOS transistors 44 and 49 connected
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with Vcc. As a result, PMOS 32 in the final stage
turns ON slowly,.suppressing the generation of power
supply noise. After that, the vsltage at the
connection point of NMOSs 35 and 36 rises gradually as
the voltage at output terminal 33 rises slowly. As a

result, the voltage at the drain of PMOS 45 also rises

gradually with the result that PMOS 44 is turned OFF.

With PMOS 44 turned OFF, the output signal of NAND gate
31 goes fully high and stabilizes. Also, at the
switching time when the input signal is changed to the
low level with the output terminal 33 at the high
level, the generation of power supply noise is likewise
suppressed. That essential part of the output circuit
of FIG. 55 which is adapted to set sutput terminal 33
to the low level is shown in FIG. 59.

FIG. 56 shows an interface circuit according to a
forty-fourth embodiment of the invention which is
applied to an output circuit which, as in FIG. 5, is
constructed by the use of a manufacturing process
adapted to 3.3V supply system. This circuit is
distinct from the circuit of FIG. 55 in that an NMOS 55
having its gate connected to.Vss is used in place of
PMOS 38 in protection circuit 37. In this circuit,
when a surge voltage of positive polarity is applied to
output terminal 33, it is psssed to Vss by the
transistor action of a parasitic bipolar transistor

associated with NMOS 55 in protection circuit 37. For
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a surge voltage of negative polarity, the circuit
operates in the same manner as the circuit of FIG. 55.
That essential part of the output circuit of FIG. 56
which is adapted to set outpuf terminal 33 to .the loﬁ
level is shown in FIG. 60.

FIG. 57 shows an interface circuit according to a
forty-fifth embodiment of the invention which is
applied to.an output circuit ﬁhich, as in FIG. 5, is
constructed by the use of a manufacturing process
adapted to 3.3V supply system. This circuit is
distinct from the circuit of FIG. 55 in that NMOS 38 in
protection circuit 37 is replaced with an NMOS 56
having its source-to-drain current path connected
between Vcc and output terminal 33 énd its gate
connected to the connection point of NMOSs 35 and 36;
NMOS 56 corresponds to NMOS 22 described in conjunction
with the circuit of FIG. 43. When a surge voltage of
positive polarity is applied to output terminal 33, it
is directly passed to Vcc through NMOS 56 without
passing through NMOS 36. That essential part of the
output circuit of FIG. 57 which is adapted to set
output terminal 33 to the low level is shown in
FIG. 61.

FIG. 58 shows an interface circuit according to a
forty-sixth embodiment of the invention which is
applied to an output circuit which is constructed by'

the use of a manufacturing process adépted to 3.3V
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supply system. In this circuit, to output terminal 33
is connected one end of the source—to-drain current
path of a first voltage suppressioh NMOS 36A, which has
its gate connected to 3.3V supply system supply voltage
Vcc. To the other end of the current path of NMOS 36A
is connected the drain of NMOS 35 serving as an output
transistor. |

To output terminal 33 is connected one end of the
source~to-drain current path of a second voltage
relaxation NMOS.36B, which has its gate connected to
3.3V system supply voltage Vec. The other end of the
current path of NMOS 36B is connected to the drain of
NMOS 39. The source-to-drain current path of NMOS 56,
which has its gate connected to thé connection point of
NMOSs 39 and 36B, is connected between Vcc and output
terminal 33.

That is, the circuit of FIG. 58 is characterized
in that the second voltage suppression NMOS 36B is
added to the circuit of FIG. 57, and that the connection
point of NMOSs 36A and 35 is electrically isolated from
the connection point of the gate of NMOS 57 and the
source of NMOS 39.

In the circuit of FIG. 58, when a surge voltage is
applied to output terminal 33, it is passed to
reference supply voltage Vss or supply voltage Vcc
through NMOS 36B and NMOS 39 or NMOS 56, thereby

protecting the internal circuit against ESD breakdown.
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That essential part of the circuit of FIG. 58 which is
adapted to set output terminal 33 to the low level is
shown in FIG. 62.

FIG. 63 shows an interface circuit according to a

_ fourth~seventh embodiment of the invention which is

applied to an output circuit, which is distinct from
the circuits shown in FIGS. 57 and 61 in that the gate
of NMOS 56 is connected to the connection point of
NMOSs 35 and 36 by protection resistor 19 instead of
béing directly connected.

FIG. 64 shows an interface circuit according to'a
fourth-eighth embodiment of the invention which is
applied to an output circuit, which is distinct from
the circuits shown in FIGS. 57 and-61. This circuit is
characterized in that first and second voltage suppres-
sion NMOSs 36A and 36B are provided, an NMOS 39A for
protection against ESD is connected to the connection
peoint of NMOSs 35 and 36A, and an NMOS 39 for protec-
tion against ESD and NMOS 56 are connected to NMOS 36B.

In this embodiment, when a surge voltage is
applied to output terminal 33, it is passed to Vss or
Vee through second voltage suppression NMOS 36B and
NMOS 39B or NMOS 56. Thus, it will be understood that
NMOS 39A connected to first voltage suppression NMOS
36A is used as supplement.

FIG. 65 shows an interface circuit according to a

fourth-ninth embodiment of the invention which is
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applied to an input/output circuit which is constructed
by the use of a process adapted to 3.3V_supply. This
circuit is provided with an input/output terhinal 61.
In order for the input/output circuit to output a
signal at a high or low level from input/output
terminal 61 when it is used an output terminal, the
output stage is provided with PMOS 32 and NMOS 35 as
shown in FIGS. 55 and 58. In FIG. 65, however, there
is shown only thét essential part of the circuit which
is adapted to set input/output terminal 61 to a low
level. That is, to input/output terminal 61 is
connected one end of the source-to~-drain current path
of voltage suppression NMOS 36, the other end of which
is connected to the draih of NMOS 35 in the output
stage through protection circuit 62. The gate of NMOS
36 is connected to Vecc. To the other end of the
current path of NMOS 36 is connected the common gates
of a PMOS 63 and an NMOS 64 in the input stage through
protection circuit 62. The drains of PMOS 63 and NMOS
64 are connected together. A signal at the common
drains of PMOS 63 and NMOS 64 is fed into the integrated
circuit. The source of NMOS 64 is connected to Vss.
Between the sourcé of PMOS 63 and Vcc is connected the
source-to-drain current path of a through-current
preventing PMOS 65, which has its gate connected to
input/output términal 61.

The protection circuit 62 is composed of a PMOS 66
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and an NMOS 67, PMOS 66 having its source and gate
connected to Vcc and its drain connected to the
connection point of NMOSs 35 and 36 and NMOS 67 having
its source and gate connected to Vss and its drain
connected to the connection point of NMOSs 35 and 36.

In the circuit thus arranged, when a voltage of 5V
is applied to input/output terminal 61, a voltage which
is lower than 3V (Vcc) by Vtn (= threshold voltage of
NMOS 36) appears at the connection point of NMOSs 35
and 36 as described previously, thus protecting the MOS
transistors in the output and input stages from gate-
oxide breakdown.

When a surge voltage is applied to input/output
terminal 61, it is passed to Vcc of Vss through NMOS 36
and PMOS 66 or NMOS 67 in protection circuit 62, thus
preventing ESD breakdown.

FIG. 66 shows an interface circuit according to a
fiftieth embodiment of the invention which is applie&
to an input/output circuit which is constructed by the
use of a process adapted to 3.3V supply. This circuit
is distinct from the circuit of‘FIG. 65 in that a
resistor 68A, having the same function as resistor 19A
in FIG. 15, is connected between the other end of the
current path of NMOS 36 and the common gates of PMOS 63
and NMOS 64 in the input stage and a resistor 68B,
having the same function as resistor 19B in FIG. 15, is

connected between input/output terminal 61 and the gate
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of PMOS 65 in the input staée.

FIG. 67 shows.an interface circuit according to a
fifth—first embodiment of the invention which is
applied to an input/output circuit which is constructed
by the use of a process adapted to 3.3V supply. This
circuit is distinct.from the circuit of FIG. 65 in that
PMOS 66 in protection circuit 62 is replaced with an
NMOS 69, which has its drain connecfed to Vec, its gate
connected to Vss and its source connected to the
connection point of NMOSs 35 and 36.

In the circuit of FIG. 67, unlike the circuit of
FIG. 65, when a surge voltage of positive polarity is
applied to input/output terminal 61, it is passed to
Vee by the transistor action of a parasitic NPN bipolar
transistor consisting of the source, back gate and
drain of NMOS 69 in protection circuit 62.

FIG. 68 shows an interface circuit according to a
fifty-second embodiment of the invention which is
applied to an input/éutput circuit which is constructed
by the use of a process adapted to 3.3V supply. This
circuit is characterized in that resistors 68A and 68B
as used in the circuit of FIG. 66 are added to the
circuit of FIG. 67.

- FIG. 69 shows an interface circuit according to a
fifty-third embodiment of the invention which is
applied to an input/output circuit which is constructed

by the use of a process adapted to 3.3V supply. This
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circuit is chéracterized in that PMOS 69 in protection
circuit 62 in the circuit of FIG. 67 is replaced with
lan NMOS 70 which is equivalent in function to NMOS 56
in the circuits of FIGS. 57 and 61. |

FIG. 70 shows an interface circuit according to a
Eifty-fourth embodiment of the invention which is
applied to an input/output circuit which is constructed
by the use of a process adapted to 3.3V supply. This
circuit is characterized in that resistors 68A and 68B
as used in the circuit of FIG. 66 are added to the
circuit of FIG. 69.

In each of the embodiments described previously,

in order to obtain the effects of the present invention

more certainly, it is preferable that voltage

'suppression NMOSs 12, 36 and NMOSs 17, 21, 39, 67

which, in the protection circuit, are connected to the
Vss side be placed close to one another in an
integrated circuit. Such is the case with voltage
suppression NMOSs 12, 26 and PMOSs 16, 38, 66 and NMOSs
20, 55, 69 each of which is connected to the Vec side
in the protection circuit. This is because, when a
voltage suppréssion NMOS acts as a bipolar transistor
to thereby transmit a surge voltage to the protection
circuit side, it becomes easy for an NMOS in the
protection circuit as well to act as a bipolar
transistor to thereby pass the surgé voltage to the Vcc

side or Vss side.
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In each of the embodiments déécribed previously,
for each MOS having its gate connected to Vcc like NMOS
36 in the circuit of FIG. 70, it is desirable to
connect a gate protection resistor R between gate and
Vce as shown in FIG. 71 in order to obtain the effects
of the present invention more certainly. That is, the
effect of a CR lowpass filter consisting of resistor R
and gate capacitance can be expected when a surge
voltage mixed in the power supply voltage is applied to
the gate.

As described above, according to the present
invention there is provided semiconductor integrated
interface circuits which can protect an internal
circuit from a surge voltage appliéd to an external
terminal and prevent the breakdown of a protection
circuit even when a signal voltage higher than a supply
voltage used in the internal circuit is applied to the

external terminal.
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What is claimed is:

1. An intérface circuit for use is a semiconductor
integrated circuit comprising:

an external terminal;

a first N-channel MOS transistor for suppressing a
voltage having its sourcg-to-drain current path
connected at one end thereof to said external terminal
and its gate connected to an internal supply voltage;
and

a protection circuit against surge voltage
connected to the other end of said current path of said
first N-channel MOS transistor.

2. The interface circuit according to claim 1,
wherein said protection circuit comérises:

a P-channel MOS transistor having its source and
gate connected to said internal supply voltage and its
drain connected to the other end of said current path
of said first N-channel MOS transistot; and

a second N-channel MOS transistor having.its
source and gate connected to a reference supply voltage
and its drain connected to the other end of said
current path of said first N-channel MOS transistor.

3. The interface circuit according to claim 1,
wherein said protection circuit comprises:

a second N-channel MOS transistor having its drain
connected to said internal supplj voltage, its gate

connected to a reference supply voltage and its source
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connected to the other end of said current path of said
first N-channel MOS transistor; and

a third N-channel MOS transistor having its source
and gate connected tb said reference supply voltage and
its drain connected to the other end of said current
path of said first N-channel MOS transistor.

4. The interface circuit according to claim 1,
wherein said external terminal is a signal input
terminal.

5. The interface circuit according to claim 1,
wherein said external terminal is a signal output
terminal.

6. The interface circuit according to claim 1,
wherein said external terminal is a signal input/output
terminal.

7. 3An interface circuit for use is a semiconductor
integrated circuit comprising:

an external terminal;

a first N-channel MOS transistor for suppressiné a
voltage having its source-to-drain current path
connected at one end thereof to said external terminal
and its gate connected to an internal supply voltage;

a second N-channel MOS transistor for surge
protection having its source-to-drain current path
connected between the other end of said current path of
said first N-channel MOS transistor and a reference

supply voltage; and
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a third N-channel MOS transistor for surge
protection having its source-to-drain current path
connected between said internal supply voltage and said
external terminal and its gate connécted to the other
end of said current path of said first N-channel MOS
transistor.

8. An interface circuit for use in a semiconductor.
integrated circuit comprising:

an external terminal;

a first N-channel MOS transistor for suppressing a
voltage having its source-to-drain current path
connected at one end thereof to said external terminal
and its gate connected to an internal supply voltage;
and |

a protection circuit against surge voltage
connected between the other end of said current path of
said first N-channel MOS transistor and an internal
circuit.

9. The interface circuit according to claim 8,
wherein said protection circuit comprises:

a P-channel MOS transistor having its source and
gate connected to said internal supply voltage and its
drain connected to the other end of said current path
of said first N-channel MOS transistor; and

a second N-channel MOS transistor having its
source and gate connected to a reference supply voltage

and its drain connected to the other end of said
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current path of said first N-channel MOS transistor.

10. The interface circuit according to claim 8,
wherein said protection circuit comprises:

a second N-channel MOS transistor having its drain
connected to said internal supply voltage, its gate
connected to a reference supply voltage and its source
connected to the other end of said current path of said
first N-channel_MOS transistor; and

a third N-channel MOS transistor having its soﬁrce
and gate connected to said reference supply voltage and
its drain connected to the other end of said current
path of said first N-channel MOS transistor.

11. The interface circuit according to claim 8,
wherein said external terminal is # signal input
terminal.

12, The interface circuit according to claim 8,
wherein said external terminal is a signal output
terminal.

13. The interface circuit according to claim 8,
wherein said external terminal is a signal input/output
terminal.

14. An interface circuit for use in a semiconductor

.integrated circuit comprising:

an external terminal;
a first N-channel MOS transistor for suppressing a
voltage having its source-to-drain current path

connected at its one end thereof to said external
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terminal and connected at its other end thereof to an
internal circuit and its gate connected to an internal
supply voltage;

a second N-channel MOS transistor for suppressing
a voltage having its source-to-drain current path
connected at one end thereof to said external terminal
andlits gate connected to an internal supply voltage;
and

a surge protection circuit connected to the other
end of said current path of said second N-channel MOS
transistor.

15. The interface circuit according to claim 14,
wherein said protection circuit comprises:

a P-channel MOS transistor haQing its source and
gate connected to said internal supply voltage and its
drain connected to the other end of said current path-
of said second N-channel MOS transistor; and

a third N-channel MOS transistor having its source
and gate connected to a reference supply voltage and
its drain connected to the other end of said current
path of said second N-channel MOS transistor.

16. The interface circuit according to claim 14,
wherein said protection circuit comprises:

a third N-channel MOS transistor having its drain
connected to said internal supply voltage, its gate
connected to a reference supply voltage and its sbu:ce

connected to the other end of said current path of said
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second N-channel MOS transistor; and

a fourth N-channel MOS transistor having its
source and gate connected to said reference supply
voltage and its drain connected to the other end of
said current path of said second N-channel MOS
transistor.

17. The interface circuit according to claim 14,
wherein said external terminal is a signal'input
terminal.

18. The interface circuit according to claim 14,
wherein said external terminal is a signal output
terminal. ' |

19. An interface circuit for use in a semiconductor
integrated circuit comprising:

an external terminal;

a first N-channel MOS transistor for suppressing a
voltage having its source~to-drain current path
connected at one end thereof to said external terminal
and its gate connected to an internal supply voltage;

a first surge protection circuit connected between
the other end of said current path of said first N-
channel MOS transistor and an internal circuit;

a second N-channel MOS transistor for suppressing
a voltage having its source-to-drain currenﬁ path .
connected at one end thereof to said signal input
terminal and its gate connected to said internal supply

voltage; and
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a second surge protection circuit connected to the
other end of said current path of said second N-channel
MOS transistbr.

20. The interface_circuit according to claim 19,
wherein said first surge protection circuit comprises:

a first P-chanhel MOS transistor having its source
and gate connected to said internal supply voltage and
its drain connected to the other end of said current
path of said first N-channel MOS transistor} and

a third N-channel MOS transistor having its
source and gate connected to a reference supply voltage
and its drain connected to the other end of said
current path of said first N-channel MOS transistor,
and

said second surge protection circuit comprises:

a second P-channel MOS transistor having its
source and gate connected to said internal supply
voltage and its drain connected to the other end of
said current path of said second N-channel MOS
transistor; and

a fourth N-channel MOS transistor having its
source and gate connected to said reference supply
voltage and its drain connected to the other end of
said current path of said second N-channel MOS
transistor.

21. The interface circuit according to claim 19,

wherein said first surge protection circuit comprises:
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a third N-channel MOS transistor having its drain
connected to said internal supply voltage, its gate
connected to a reference supply voltage and its source
connected to the other end of said current path of said
second N-channel MOS transistor; and

a foqrth N-channel MOS transistor having its
source and gate connected to said reference supply
voltage and its drain connected to the other end of
said current path of said second N-channel MOS
transistor, and

said second surge protection circuit comprises:

a P-channel MOS transistor having its source and
gate connected to said internal supply voltage and its
drain connected to the other end of-said current path
of said second N-channel MOS transistor; and

a fifth N-channel MOS transistor having its source
and gate connected to a reference supply volﬁage and
its drain connected to the other end of said cuirent-
path of said second N-channel MOS transistor.

22. The interface circuit according to claim 19,
wherein said external terminal is a signal input
terminal.

23. The interface circuit according to claim 19,
wherein said external terminal is a signal output
terminal.

24. An interface circuit for use in a semiconductor.

integrated circuit comprising:
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an input/output terminal;

a first N-channel MOS transistor for suppressing a
voltage having its source-to-drain current path
connected at one end thereof to said input/output
terminal and its gate connected to an internal supply
voltage;

a second N-channel MOS transistor having a gate
controlled by an internal signal and a source-to~drain
current path connected between a ground potential and
the other end of the source-to-drain current path of |
said first N-channel MOS transistor; and

a protection circuit against surge voltage
connected to the other end of said current path of said
first N-channel MOS transistor.

25. The interface circuit according to claim 24,
wherein said protection circuit comprises:

a P-channel MOS transistor having its source and
gate connected to said internal supply voltage and its
drain connected to the other end of said current path
of said first N-channel MOS transistor; and

a third N-channel MOS transistor having its source
and ‘gate connected to a reference supply voltage and
its drain connected to the other end of said current
path of said first N-channel MOS transistor.

26. The interface circuit according to claim 24,
wherein said protection circuit comprises:

a third N-channel MOS transistor having its drain
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connected to said internal supply voltage, its gate
connected to a reference supply voltage and its source
connected to the other end of said current path of'said
first N-channel MOS transistor; and

a fourth N-channel MOS transistor having its source
and gate connected to said reference supply voltage and
its drain connected to the other end of said current
path of said first N-channel MOS transistor.

27. An interface circuit for use in a semiconductor
integrated circuit, comprising:

an input/output terminal;

a first N-channel MOS transistor for suppressing a
voltage, said first_N—channel MOS transistor having a
source-to-drain current path connecfed at one end to
said input-output terminal and a gate connected to an
internal supply voltage;

a second N-channel MOS transistor having a gate
controlled by an internal signal and a gource-to-drain
current path connected between a ground potential and
the other end of the source-to-drain current path of
said firét N-channel MOS transistor; and

a protection circuit against surge voltage

connected between the other end of said current path of

said first N-channel MOS transistor and an internal circuit.

28. The interface circuit according to claim 27,
wherein said protection circuit comprises:

a P~channel MOS transistor having its source and
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gate connected to said internal supply voltage and its
drain connected to the other end of said current path
of said first N-channel MOS transistor; and

a third N-channel MOS transistor having its source
and gate connected to a reference supply voltage and
its drain connected to the other end of said current
path of said first N-channel MOS transistor.

29. The interface circuit according to claim 27,
wherein said protection circuit comprises:

a third N-channel MOS transistor having its drain
connected to said internal supply voltage, its gate
connected to a reference supply voltage and its source
connected to thg other end of said current path of said
first N-channel MOS transistor; and

a fourth N-channel MOS transistor having its
source and gate connected to said reference supply
voltage and its drain connected to the other end of
said current path of said first N-channel MOS
transistor.

30. An interxrface circuit for use in a semi-
conductor integrated circuit, substantially as herein-
before described with reference to the accompanying

drawings.



