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Level shift circuit and

semiconductor integrated circuit

Background of the Invention

The present invention relates to a semiconductor
integrated circuit and to a level conversion circuit, and more
particularly, for instance, to a technology which can be
effectively used for an interface circuit for a semiconductor
integrated circuit in which t_he amplitude of :’fnternal éignals
and that of external signals differ from each other.

According to the prior art, circuits for cé:nverting

signals of a smaller amplitﬁde into sighals of a greater

amplitude include, for instance, a level conversion circuit

disclosed in Japanese Patent Laid-Open No. Hei 5(1993)-343979,
the circuit illustrated in Fig. 10. .'I‘he circuit. of Fig. 10
consists of an inverter INVO, having VDD (e.g. 1.5 V) as its
source voltage, for inverting an input signal IN and a latch
circuit LT having VDD2 higher than VDD (e.g. 3.3 V) as ité source
voltage and the 'signal/IN resulting from inversion by the

inverter and the pre-inversion signal IN. The latch circuit
LT has a configuration comprising one CMOS inverter INV1 in
which two p-channel MOSFETs Qpl and Qp2 and one n—-channel MOSFET
Qnl are connected in series and one CMOS inverter INV2 in which
two p-channel MOSFETs Qpl and Qp3 and one n-channel MOSFET Qn2

are connected in series, the output terminal of each inverter



being connected to the gates of the MOSFETs Qp2 and Qp3 of the

other inverter.

Summary of the Invention

In the level conversion circuit of Fig. 10, when the input
signal IN of 0 to 1.5 V in amplitude rises from a low level to
a high level, the MOSFET Onl immediately shifts from an
off-state to an on-state. As a result, its output signal OUT
varies from VDD2, which may be 3.3 V for instance, to a ground
potential (0 V), but when the input signal IN varies froma High
level to a low level, only when the MOSFET Qn2 is turned on by
the inverted signal /IN to vary the output of the inverter INV2
to a low level and the MOSFET Qp2 shifts from an off-state to
an on-state, the output signal OUT varies from the ground
potential {0 V) to VDD2, which may be 3.3 V.

For this reason, a level conversion circuit according to
the prior art is slower in the variation of the output signal
from a low level to a high level than in the variation from a
high level to a low level. As a result, on the part of a circuit
to receive a signal from such a level conversion circuit, the
signal should be accepted at the later signal timing, resulting
in the problems of more complex timing design and of a longer
time taken by signal transmission, which impedes raising the
system speed.

An object of the present invention is to provide a level
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conversion circuit whose output signal varies from a low level
to a high level and froma high level to a low level substantially
as fast.

Another object of.the invention is to provide a
semiconductor integrated circuit technology which makes it
possible to raise the speed of signal transmission in a
semiconductor integrated circuit having within it two signal
transmission routes differing in amplitude.

Still another object of the invention is to make it
possible to raise the speed of a system using a semiconductor
integrated circuit having a level conversion circuit in its
input/output (I/0) unit and forming and supplying a large
amplitude signal on the basis of a narrow-amplitude internal
signal.

The above-noted and other objects and novel features of
the invention will become more apparent from the description
in this specification when taken in conjunction with the
accompanying drawings.'

What follows is a brief summary of typical aspects of
the present invention disclosed in this application.

Thus, the configuration is such that a level conversion
circuit is composed of a level shift circuit for supplying a
level~-converted signal in the same phase as the input signal
and a signal in the reverse phase theretoand a follow~up circuit

responsive to the earlier of the output signals of the level
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shift circuit for geénerating an output sigrnal, wherein the
follow-up circuit consists of an inverter circuit in which two
p-channel type MOS transistors and two n-channel type MOS

transistors are connected in series between a first voltage

" terminal and a second voltage terminal, of which one pair is

used as input transistors and the remaining pair of transistors
are subjected to control based on the output signal of the level
shift circuit to be quickly responsive to the next variation.
A level conversion circuit according to a first aspect
of the invention under the present application has a first
circuit comprising a first input terminal for receiving a first
signal having a first signal amplitude, a first output terminal
for supplying a second signal having a second signal amplitude
greater than the first signal amplitude and being in the same
phase as the first signal, and a second output terminal for
supplying a third signal having a second signal amplitude
greater than the first signal amplitude and being in the phase
reverse to the first signal; and a second circuit comprising
a first p-channel type MOS transistor, a second p—channel type
MOS transistor, a first n-channel type MOS transistor and a
second n-channel type MOS transistor whose source-drain routes
are connected in series between a first voltage terminal and
a second voltage terminal and the drain of the first p-channel
type MOS transistor and the drain of the n-channel type MOS

transistor are connected to a third output terminal, wherein
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the second circuit forms a fourth signal having the second
signal amplitude on the basis of the signal variation of the
second signal supplied from the first output terminal of the
first circuit or of the third signal supplied from the second
output terminal of the first circuit, whichever is faster in
signal level change, and supplying the fourth signal from the
third output terminal.

The above~described means, as the second circuit forms
an output signal on the basis of what is faster in signal level
change out of the complementary signals supplied from the first
circuit, the output signal can quickly vary not only at the
leading edge but also the trailing edge of the input signal,
and a signal having a small amplitude can be converted into one
of a large amplitude and transmitted without sacrificing the
signal transmission speed.

Preferably, a'delay means may be provided to delay the
second signal supplied from the first output terminal of the
first circuit or the third signal supplied from the second
output terminal of the first circuit to control the second
p-channel type MOS transistor and the first n-channel type MOS
transistor, or the first p-channel type MOS transistor and the
second n-channel type MOS transistor. This results in shifting
of the second circuit to a state in which it is more quickiy
responsive to the next signal change and thereby makes it

possible to raise the signal transmission speed.
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In a further proposed configuration, where a circuit from
which, according to a signal inputted to the gate terminal of
a MOS transistor, a signal matching the gate input signal is
supplied to the source or drain terminal of the MOS transistor
is defined to be one stage, thé number of cifduit stages which
a signal reaching the third output terminal of the second
circuit from the first input terminal of the first circuit via
the second output terminal goes through and the number of
circuit stages which a signal reaching the third output terminal
of the second circuit from the first input terminal of the first
circuit via the third output terminal goes through are equal.
This substantially equalizes the lengths of time taken by the
signal-in the same phase as the input signal and the signal in
the reverse phase to the input signal to reach the second circuit,
enabling the output signal to quickly vary not only at the
leading edge but also the trailing edge of the input signal and
the transmission speed of signals having different amplitudes
to be raised.

Further, the second circuit may be so configured that the
state of the second p-channel type MOS transistor or the first
n-channel type MOS transistor vary with any change in the second
signal or the third signal supplied from the first circuit.
This makes it possible to reduce the gate size of the second
p-channel type MOS transistor or the first n-channel type MOS

transistor, thereby alleviating the load on the preceding
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circuit and accelerate the variations of the second signal and
the third signal.

In addition, a high resistance element for pull-up use
and a high resistance element for pull-down use may be connected
respectively in parallel to the first p-channel type MOS
transistor and the second n-channel type MOS transistor. This
enables the second circuit to have two logical thresholds, and
the variation of the output signal to be further accelerated
as the logical threshold drops when the input signal varies from
a low level to a high level and rises when the input signal varies
from a high to a low level.

The ratio between the gate width and the gate length of -
the first p-channel type MOS transistor may be set to be greater
than the ratio between the gate width and the gate length of
the second p—channel type MOS transistor, and the ratio between
the gate width and the gate length of the second n-channel type
MOS transistor is set to be greater than the ratio between the
gate width and the gate length of the first n-channel type MOS
transistor. This makes possible reducing the on-resistances
of the first p-channel type MOS transistor and the second
n-channel type MOS transistor which serve as resistive loads
on the second p-channel type MOS transistor and the first
n-channel type MOS transistor, contributing to further
accelerating the variation of the output signal.

Further, a first inverter for logically inverting the
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first signal may be provided, and the first circuit may have
a second.input terminal for receiving the output signal of the
first inverter and is configured of a third n-channel type MOS
transistor and a fourth n-channel type MOS transistor whose gate

terminals are connected respectively to the first input

terminal and the second input terminal, a third p-channel type

MOS transistor whose source-drain route is connected in series
to the third n-channel type MOS transistor and to whose gate
terminal is connected the drain terminal of the fourth n-channel
type MOS transistor, and a fourth p-channel type MOS transistor
whose source-drain route is connected in series to the fourth
n-channel type MOS transistor and to whose gate terminal is
connected the drain terminal of the third n-channel type MOS
transistor, wherein the first output terminal is connected to
the drain terminal of the fourth n—channel type MOS transistor,
the second output terminal is connected to the drain terminal
of the third n-channel type MOS transistor, and a second
inverter for logically inverting the second signal is connected
to the first output terminal. As this configuration causes the
first circuit to receive the first signal and its inverted
signal with the n-channel type MOS transistor and operates to
vary the second signal and the third signal, which are its
outputs, to a low level at high speed, the transmission of the
variation of signals from the first circuit to the second

circuit is accelerated.



ey

Further, the second circuit may be so configured so that
the state of the sé&cotnd p-channel type MOS transistor or the
first n-channel type MOS transistor vary with a change in the
second signal or the third signal subplied from the first
circuit. This configuration makes it possible to reduce the
gate size of the second p-channel type MOS transistor or the
first n-channel type MOS transistor, thereby alleviating the
load on the precedinhg circuit and accelerate the variations of
the second signal and the third signal.

Also, a third inverter may be provided to control the
first p-channel type MOS transistor and the second n-channel
type MOS transistor according to the second signal supplied from
the first output terminal of the first circuit or the output
signal of the second inverter, whichever is slower in signal
variation. This configuration makes it possible to shift the
first p-channel type MOS transistor and the second n-channel
ﬁype MOS transistor to an on/off state without delay after the
fourth signal supplied from the second circuit varies and to
prepare for the next signal wvariation.

Also, a delay means may be provided to control the second
p-channel type MOS transistor and the first n-channel type MOS
transistor or the first p-channel type MOS transistor and the
second n-channel type MOS transistor according to the signal
variation of the second signal supplied from the first output

terminal of the first circuit or of the third signal supplied
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from the second output terminal of the first circuit, whichever
is slower in signal var;ation. This configuration makes it
possible to shift the first p~channel type MOS transistor and
the second n-channel type MOS transistor or the first p-channel
type MOS transistor and the second n-channel type MOS transistor
to an on/off state without delay after the fourth signal
supplied from the second circuit varies and to prepare for the
next signal variation.

Further, the second circuit may as well be so configured
as to cause the state of the first p~channel type MOS transistor
or the second n-channel type MOS transistor in response to a
vaiiation of the second signal or the third signal supplied from
the first circuit, whichever is faster. This results in a
variation of the thresholds of the first p-channel type MOS
transistor and the second n-channel type MOS transistor by the
substrate bias effect, making it possible to avoid a slowdown
in output signal variation.

A level conversion circuit according to a second aspect
of the invention under the present application has a first
circuit comprising a first input terminal for receiving a first
signal having a first signal amplitude, a first ocutput terminal
for supplying a second signal having a second signal amplitude
greater than the first signal amplitude and being in the same
phase as the first signal, and a second output terminal for

supplying a third signal having a second signal amplitude
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greater than the first signal amplitude and being in the phase
reverse to the first &ignal; and a second circuit for forming
a fourth signal having the second signal amplitude on the basis
of a variation of the second signal supplied from the first
output terminal of the first circuit or of the third signal
supplied from the second output terminal of the first circuit,
whichever is faster in signal level change, and supplying the
fourth signal from the third output terminal, wherein the second
circuit receives the second signal or the third signal supplied
from the first circuit and a signal in the reverse phase thereto,
and the logical threshold is varied so as to accelerate the
variation of the fourth signal according to the dire-ction of
signal variation.

As the above-described means causes the logical threshold
to vary so as to accelerate the variation of the fourth signal
according to the direction o_f signal variation, the output
signal is enabled to quickly vary not only at the leading edge
but also the trailing edge. of the input signal, so that a signal
having a small amplitude can be converted into one of a large
amplitude and transmitted without sacrificing the signal
transmission speed.

Preferably, the second circuit may have a first p-channel
type MOS transistor, a second p-channel type MOS transistor,
a first n-channel type MOS transistor and a second n-channel

type MOS transistor whose source-drain routes are connected in
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series between the first voltage terminal and the second voltage
terminal, wherein the drain of the first p-channel type MOS
transistor and the drain of the n-channel type MOS transistor
are connected to the third output terminal, high resistance
elements may be connected respectively in parallel to the second
p-channel type MOS transistor and the first n-channel type MOS
transistor, and a delay means is provided to delay the second
signal supplied from the first output terminal of the first
circuit or the third signal supplied from the second output
terminal of the first circuit to control the second p-channel
type MOS transistor and the first n-channel type MOS transistor
or the first p-channel type MOS transistor and the second
n-channel type MOS transistor.

This configuration makes it possible to reduce the gate
size of the second p-channel type MOS transistor or the first
n-channel type MOS transistor, thereby alleviating the load on
the preceding circuit and accelerate the variations of the
second signal and the third signal. At the same time, it makes
possible shifting of the first p-channel type MOS transistor
and the second n-channel type MOS transistor to an on/off state
without delay after the fourth signal supplied from the second
circuit varies and preparing for the next signal variation.

A level conversion circuit according to a third aspect
of the invention under the present application has a first

circuit comprising a first input terminal for receiving a first
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signal having a first signal amplitude, a first output terminal
for supplying a second signal having a second signal amplitude
greater than the first signal amplitude and being in the same
phase as the first signal, and a second output terminal for
supplying a third signal having a second signal amplitude
greater than the first signal amplitude and being in the phase
reverse to the first signal; and a second circuit for forming
a fourth signal having the second signal amplitude on the basis
of a variation of the second signal supplied from the first
output terminal of the first circuit or of the third signal
supplied from the second output terminal of the first circuit,
whichever is faster in signal level change, and supplying the
fourth signal fromthe third output terminal, wherein, a circuit
from which, according to a signal inputted to the gate terminal
of a MOS transistor, a signal matching the gate input signal
is supplied from the source or drain terminal of the MOS
transistor being defined to be one stage, the number of circuit
stages which a signal reaching the third output terminal of the
second circuit from the first input terminal of the first
circuit via the second output terminal goes through and the
number of circuit stages which a signal reaching the third
output terminal of the second circuit from the first input
terminal of the first circuit via the third output terminal goes
through are not more than four each.

As in the above-described means the second circuit forms
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an output signal on the basis of what is faster in signal level
change out of the complementary signals supplied from the first
circuit and supplies it, the output signal can quickly vary not
only at the leading edge but also the trailing edge of the input
signal, and a signal having a small amplitude can be converted
into one of a large amplitude and transmitted without
sacrificing the signal transmission speed. Moreover, as the
number of circuit stages which a signal reaching the third
output terminal of the second circuit from the first input
terminal of the first circuit via the second output terminal
goes through and the number of circuit stages which a signal
reaching the third output terminal of the second circuit from
the first input terminal of the first circuit wvia the third
outputterminalgoesthrougharenotnmrethanfoureach,signal
transmission is accomplished at higher speed.

A level conversion circuit according to a fourth aspect
of the invention under the present application has a first
circuit comprising a first input terminal for receiving a first
signal having a first signal amplitude, a first output terminal
for supplying a second signal having a second signal amplitude
greater than the first signal amplitude and being in the same
phase as the first signal, and a second output terminal for
supplying a third signal having a second signal amplitude
greater than the first signal amplitude and being in the phase

reverse to the first signal; and a second circuit for forming
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a fourth signal having the second signal amplitude on the basis
of a variation of the second signal supplied from the first
output terminal of the first circuit or of the third signal
supplied from the second output terminal of the first circuit,
whichever is faster in signal level change, and supplying the
fourth signal fromthe third output terminal, wherein, a circuit
from which, according to a signal inputted to the gate terminal
of a MOS transistor, a signal matching the gate iﬁput signal
is supplied from the source or drain terminal of the MOS
transistor being defined to be one stage, the number of circuit
stages which a signal reaching the third output terminal of the
second circuit from the first input terminal of the first
circuit via the second output terminal goes through and the
number of circuit stages which a signal reéching the third
output terminal of the second circuit from the first input
terminal of the first circuit via the third output terminal goes
through are three each.

As in the above-described means the second circuit forms
an output signal on the basis of what is faster in signal level
change out of the complementary signals supplied £rom the first
circuit and supplies it, thé output signal can quickly vary not
only at the leading edge but also the trailing edge of the input
signal, and a signal having a small amplitude can be converted
into one of a large amplitude and transmitted without

sacrificing the signal transmission speed. Moreover, as the
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number of circuit stages which a signal feaching the third
output terminal of the second circuit from the first input
terminal of the first circuit via the second output terminal
goes through and the number of circuit stages which a signal
reaching the third output terminal of the second circuit from
the first input terminal of the first circuit via the third
output terminal goes through are three each, signal
transmission is accomplished at even higher speed.
According to a fifth aspect of the invention under the
present application, there is provided a semiconductor
integrated circuit wherein signals are transmitted in a first
amplitude in internal circuits and signals are transmitted and
received to and from other external devices in a secohd
amplitude greater than the first amplitude, ahd a level
conversion'circuit having any of the above-described
configurations is provided in an input/output (I/0) circuit
connected to an external terminal at which 'signals of the second
amplitude are supplied. This makes it possible to increase the
operating speed of a system using a semiconductor integrated
circuit which operates internally at high speed with signals
of a smaller amplitude and transmits and receives data to and
from other devices with signals of a larger amplitude.
Preferably, an inverse level conversion circuit for
converting signals of the second amplitude into signals of the

first amplitude may be provided in the I/O circuit connected
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to the external terminal to which the signals of the second
amplitude are inputted. This enables signals of the larger
amplitude supplied from other devices to be converted into
signals of the smaller amplitude suitable for internal circuits
and to be supplied as such to the internal circuits.
According to a sixth aspect of the invention under the
present application, there are provided a first level
conversion circuit provided with a first circuit comprising a

first input terminal for receiving a first signal having a first

"signal amplitude, a first output terminal for supplying a second

signal having a second signal amplitude greater than the first
signal amplitude and being in the same phase as the first signal,
and a second output terminal for supplying a third signal having
a second signai amplitude greater than the first signal
amplitude and being in the phase reverse to the first signal;
and a second circuit for forming a fourth signal having the
second signal amplitude on the basis of a variation of the second
signal supplied from the first output terminal of the first
circuit or of the third signal supplied from the second output
terminal of the first circuit, whichever is faster in signal
level change, and supplying the fourth signal from the third
output terminal; and a second level conversion circuit
consisting of a circuit of the same form as the first circuit.
As the second level C;onversion circuit consists of a smaller

number of constituent elements than the first level conversion
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circuit, both higheér speed and smaller océupied space ‘can be
achieved at the same speed by selectively using the first level
conversion circuit and the second level conversion circuit
according to the required signal transmission speed.
Preferably, the first level conversion circuit may be
provided on the path of transmitting usual operational signals
and the second level conversion circuit, on the path of
transmitting testing signals. Since testing signals do not
require particularly high transmission speed, arrangement of
the second level conversion circuit on the path of transmitting

testing signal would contribute to reducing the space occupied.

Brief Description of the Drawings

Fig. 1 is a circuit diagram of a voltage boost type level
conversion circuit, which is a first preferred embodiment of
the present invention.

Fig. 2 is a timing chart showing the signal timing in the
level conversion circuit of Fig. 1.

Figs. 3A and 3B are circuit diagrams showing the operating
states of the output stage of the level conversion circuit of
Fig. 1.

Fig. 4 is a circuit diagram of a variation of -the level
conversion circuit, which is the first preferred embodiment of
the invention.

Fig. 5 is a circuit diagram of a voltage boost type level

18
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conversion circuit, which is a second preférred embodiment of
the invention.

Fig. 6 is a circuit diagram of a variation of the level
conversion circuit, which is the second preferred embodiment
of the invention.

Fig. 7 shows the logical configuration of a typical
example of application of the level conversion circuit
according to the invention to a bidirectional buffer circuit.

Fig. 8 shows the logical configuration of a typical
example of application of the level conversion circuit
according to the invention to an output buffer circuit.

Fig. 9 is a circuit diagram of an example_of voltage
depressing type level conversion circuit constituting an input
buffer circuit.

Fig. 10 is a circuit diagram of a voltage boost type level
conversion circuit, which is an embodiment of the prior art.

Fig. 11 is a waveform diagram of input/output signals
obtained by the simulation of a level conversion circuit
embodying the invention and another level conversion circuit
embodying the prior art.

Fig. 12 shows an example of layout of various logic gates
and elements constituting the bidirectional buffer circuit of
Fig. 7 over a semiconductor chip.

Fig. 13 shows an example of layout of elements

constituting level conversion circuits to which the invention
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is applied.

Description of the Preferred Embodiments

Preferred embodiments of the present invention will be
described below with reference to the accompanying drawings.

Fig. 1 is a circuit diagram of a level conversion circuit,
which is a first preferred embodiment of the invention. InFig.
1, a sign used for denoting MOSFETs denotes a p-channel MOSFET
if its gate terminal position is marked with a small circle or,
if not, an n-channel MOSFET._

The level conversion circuit of Fig. 1 is configured of
a first stage inverter 11 for inverting an input signal IN, a
latchcircuittypelevelshiftstage12vmoseinputsarezgsignal
/IN inverted by the inverter 11 and the pre-inversion signal
IN, another inverter 13 for inverting a signal on the inverted
output node nl side of the level shift stage 12, an inverter
type output stage 14 whose inputs are the output signal of the
inverter 13 and a signal on the non-inverted output node n2 side
of the level shift stage 12, and a delay stage 15 for controlling
the output stage 14 by delaying the input signals to the output
stage 14.

The inverter 11 has a source voltage VDD (e.g. 1.5 V),
and the level shift stage 12 has a source voltage VDD2 (e.q.
3.3 V) higher than VDD. The source voltages of the inverter

13, the output stage 14 and the delay stage 15 following the
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level shift stage 12 are also VDD2 {e.g. 3.3 V), equal to that
of the level shift stage 12.

The level shift stage 12 eonsists of a P-MOS load type
inverter INV1 in which a p-channel MOSFET Qp2 and an n-channel
MOSFET Qn2 are connected in series and a P-MOS load type inverter
INV2 in which a p-channel MOSFET Qp3 and an n-channel MOSFET
On3 are connected in series, the output nodes nl and n2 of each
of the inverters INV1 and INV2 are connected to the gate
terminals of the p-channel MOSFETs Op3 and Qp2 of the other
inverter, and the input signal IN and the signal /IN resulting
from its inversion by the inverter 11 are applied to the gate
terminals of the n-channel MOSFETs OnZ2 and On3.

.In this embodiment, the MOSFETs Qp2,- Qn2, Qp3 and QOn3
constituting the level shift stage 12 are so designed that the
ratio Wp2:Wn2 between the gate width Wp2 of the p-channel
MOSFETs Qp2 and Qp3 and the gate width Wn2 of the n-channel
MOSFETs QOn2 and Qn3 and the ratio Wp3:Wn3 be 1:15 each, i.e.
Wn2 and Wn3 be greater than Wp2 and Wp3, respectively. This
makes the trailing edges of the potentials of the output nodes
nl and n2 of the level shift stage 12 faster than their leading
edges.

To add, as the MOSFETs Qp2, 0On2, Qp3 and On3 are equal
to each other in gate length in this embodiment, the
relationship in element characteristic between the gate width

Wp2 of the p-channel MOSFETs Qp2 and Qp3 and the gate width Wn2
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of the n-channel MOSFETs Qn2 and Qn3 are represented by the
ratios Wp2:Wn2 and Wp3:Wn3, the element characteristic is in
principle represented by the ratio W/L between the gate width
W and the gate length L. Therefore, the setting may as well
be to make the W/L ratio between Qp2 and Qp3 on the one hand
and On2 and Qn3 on the other be 1:_15. As the gate lengths are
equal, the following description will continue to refer to the
ratio in the gate width W, but the relationship may as well be
represented by the W/L ratio.

Incidentally, the reason why the W/L ratio between p-
MOS and n-MOS of the level shift stage 12 in this embodiment
is 1:15 with an extremely heavy weight on n-MOS is to secure
a sufficient D.C. operation margin for the level shift stage
12. Thus, in a practical circuit design, it is essential to
allow for an operation margin so that the circuit can stably
operate even when the source voltage fluctuates. With a view
to such stability of circuit operation, the W/L ratio between
p—-MOS and n-MOS »s set to 1:15 even under the condition of a
much higher source voltage VDD2 than VDD in the level shift stage
12 of Fig. 1.

To describe it more specifically, under a condition where
the source voltage VDD2 for driving p-MOS is high and the source
voltage VDD for driving n-MOS is iow, the on-resistance of p-MOS
is small and, conversely, the on-resistance of n~-MOS is large.

Supposing that the on-resistances of p-MOS and n-MOS have become
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substantially equal, the on-resistance will drop no farther
than 1/2 of the output VDD2 of the level shift stage 12. This
would be insufficient to turn off the n-MOS of the circuit of
the next stage.” Therefore, the on-resistance of n-MOS << the
on-resistance of p-MOS becomes the indispensable requirement
of D.C. operation. If this requirement is not satisfied, in
the worse case the output of the circuit will not be inverted,
or the delay time will become extremely too long.

Although the W/L ratio is designed té be 1:15 for this
embodiment with VDD = 1.5 V and VDD2 = 3.3 V being assumed, VDD
is expected tobe lower than 1.5V in the next generation process.
However, as VDD2 = 3.3 V presupposes connection to standard
interfaces such as LV-TTL and PCI used in common systems, VDD2
seems unlikely to be changed even if the process advances.
Therefore,.the difference between VDD2 and VDD is likely to
widen in the future, but the invention will remain effective
even if this expectation proves true.

The inverter 13 for inverting signals on the inverted
ocutput node nl side of the level shift stage 12 is configured
of the p-channel MOSFET Qp4 and the n-channel MOSFET Qn4, and
is so designed that the ratio Wp4:Wn4 between the gate width
Wp4 of the p-channel MOSFET Qp4 and the gate width Wn4 of the
n-channel MOSFET Qn4 to be heavily inclined to Wp4 over Wn4,
such as 8:1. Thus the inverter 13 is so configured that the

output be faster at the leading edge than at the trailing edge.
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The output stage 14 is configured by the connection in
series of the source-drain routes of two p-channel MOSFETs Qpb5
and QOp6 and two n-channel MOSFETs Qn5 and Qn6, and signals on
the non-inverted output node n2 side of the level shift stage
12 and signals resulting from inversion of signals by the
inverter 13 on the inverted output node nl side are applied to
the gate terminals of Qp6 and On5. Thus, signals inputted to
the gate terminals of the MOSFEfs Qp6 and QOn5 are in the same
phase, resulting on/off .control of the MOSFETs Qp6 and Qn5 in
a complementary way. The output terminal OUT of the circuit
is connected to the output node n4 of this output stage 14.

The cutput signal of the delay stage 15 is applied to the
gate terminals of the MOSFETs Qp5 and Qn6é, and Qp5 is turned
on or off with a little delay from the turning off or on of Qp6.
Thus when Qp6 is turned on, QpS is off, while Qp5 is turned on
when Qp6é is off. Qné is turned on with a little delay from the
turning off of On5. The MOSFETs Opll and Qnll are connected
in parallel to the MOSFETs Qp5 and Qné, respectively, and Qpll
and Onll, whose gate terminals are connected respectively to
the source voltage VDD2 and the ground potential VSS and kept
on all the time, and function as high resistance elements having
higher resistances than Qp5 and QOné.

The gate width Wpé of the p-channel MOSFET Qpé6
constituting the output stage 14 is so designed, though not

necessarily so limited, that its ratio to the gate width Wp2
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of the p-channel MOSFETs Qp2 and Qp3 of the level shift stage
12, i.e. Wp6:Wp2, be about 10:1. On the other hand, the ratio
of the gate width Wn5 of the n-channel MOSFET Qn5 constituting
the output stage 14 to the gate width Wn2 of the n-channel MOSFETs
On2 and On3 constituting the level shift stage 12, i.e. Wn5:Wn2,
is designed to be about 1:3.

The ratio between the gate width Wpll of the MOSFET Qpll
for high resistance use and the gate width Wp5 of Qp5, i.e.
Wpll:Wp5, is designed to be about 1:10, and that between the
gate width Wnll of the MOSFET Qnlil for high resistance use and
tﬁe gate width Wn5 of QOn6, i.e. Wnll:Wné, is also designed to
be about 1:10. Further, the ratio between the gate width Wp5-
of the MOSFET Qp5 in parallel to Qpll and the gate width Wp6
of Qp6 in series to the same, i.e. Wp5:Wp6, is designed to be
about 2:1, and the gate width Wn6é of the MOSFET Qn6 in parallel
to Onll and the gate width Wn5 of On5 in series to the same,
i.e. Wné6:Wn5, is designed to be about 2:1.

The delay stage 15 consists of two p-channel MOSFETs Qp9
and Qpl0 and two n-channel MOSFETs Qn9 and Qnl0 whose
source-drain routes are connected in series; the same signal
as that inputted to the gate terminal of the MOSFET On5 of the
output stage 14 is inputted to the gate terminals of Qpl0 and
On9, and the same signal as that inputted to the gate terminal
of the MOSFET Qpé6 of the output stage 14 is inputted to the gate

terminals of Qp9 and Onl0, of which the slower signal is inverted
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to control the gate terminals of the MOSFETs Qp5 and Qné of the
output stage 14.

This subjects the p-channel MOSFET Qp5 and the n-channel
MOSFET Qn6 constituting the output stage 14 to on/off control
in a complementary manner. Further, when the input signal to
the output stage 14 varies to a high level to turn on the MOSFET
On5 and the output varies from a high level to a low level, the
p-channel MOSFET Qp5 is turned on and the n-channel MOSFET Qné
is turned off with a little delay; the output terminal OUT is
fixed to the ground potential via On5 and Qnll. On the other
hand, when the input signal to the output stage 14 varies to
a low level to turn on the MOSFET Qpé and the output varies from
a high level to a low level, the p-channel MOSFET Op5 is turned

~off and the n—channel MOSFET Qné6 is turnedonwitha little delay;
the output terminal OUT is fixed to the source voltage VDD2 via
Op6 and Qpll.

In the level conversion circuit embodying the invention
as described above, once the potential of the output terminal
OUT is made definite according to the turning on/off of the
MOSFETs Qp6 and Qn5 of the output stage 14, the delay stage 15
promptly shifts the MOSFETs Qp5 and Qné of the output stage 14
to an on/off state reverse to Qp6 and Qn5, and accordingly the
output stage 14 can be placed in a state immediately responsible
to the next input signal variation.

To add, in the embodiment shown in Fig. 1, as the output
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d of the delay stage 15 varies according to signals g or ¢
inputted to the gate terminals of the MOSFETs Qp6é and Qn5 of
the output stage 14, whichever is slower to vary, to control
the gate terminals of the MOSFETs Qp5 and Qné of the output stage
14 as shown in Fig. 2, it is configured of the four MOSFETs Qp2,
Qpl0, ©On9 and Onl0 in a series form.l However, if the signal
inputted to the gate terminal of either the MOSFET Qp6 or Qn5
of the output stage 14, for example Qnb5, is slower to vary to
a low level or the timing difference of the variation to a low
level is insignificant, either Op9% or Qpl0 can be dispensed with
to reduce the layout area. Similarly, depending on the timing,
eitﬁer On9 or QOnl0 can be dispensed with.

Next will be described the operation of the level
conversion circuit embodying the invention as illustrated in
Fig. 1.

First will be considered a case in which the input signal
IN varies from a low level to a high level. As the input signal
is at a low level in the preceding state, the n-channel MOSFET
On5 of the output stage 14 is in an off state and the p-channel
MOSFET Qp6 is in an on state; the output of the delay stage 15
is at a high level to turn on the n-channel MOSFET Qné of the
output stage 14 and to turn off the p-channel MOSFET Qp5. As
a result, the output stage 14 is in a state of giving a high
level output via the p-channel MOSFETs Qpll and Qpé in an on

state.
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When the input Signal IN varies from a low level to a high
level in this state, because the n-channel MOSFET Qn2 has a
greater gate width than the p-channel MOSFET Qp2 in the level
shift stage 12, the output node nl promptly changes from a high
level to a low level. This change in potential is transmitted
to the gate terminal of the MOSFET On5 of the output stage 14
via the inverter 13 at a somewhat delayed timing, and shifts
on5 from an off state to an on state. However, as the p-channel
MOSFET Qp4 has a greater gate width than the n-channel MOSFET
On4 in the inverter 13, the logical threshold is close to VDD2
and the variation from a low level to a high level takes place
promptly, the delay time then in the inverter 13 is considerably
short. As aresult, the output promptlyvaries fromahigh level

to a low level.

On the other hand, the n-channel MOSFET Qn3 of the level
shift stage 12 is turned off by the output signal of the inverter
11 for inverting the input signal IN a little later than the
turning-on of Qn2. Then the shifting of the p-channel MOSFET
Qp3 from an off state to an on state is begun relatively promptly
by the potential variation of the output node nl to a low level.
However, as the p-channel MOSFET Qp3 is narrower in gate width
than the n-channel MOSFET 0On3, the variation of the output node
n2 from a low level to a high level is a little slower than that
of the output node nl from a high level to a low level. This

potential variation is immediately transmitted to the gate
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terminal of the MOSFET Qpé6 of the output stage 14 to shift Qpé6
from an on state to an off state.

As described above, the signal transmitting the positive
phase side of the level shift stage 12 is transmitted to n-
MOS of the output stage 14 via the level shift stage 12 and the
inverter 13, and the signal transmitting the negative phase side
of the level shift stage 12 is transmitted to p~MOS of the output
stage 14 via the inverter 11 and the level shift stage 12. Since
a delay equivalent to two inverter stages is thus given to each,
the signals on the two sides arrive at substantially the same
time. In other words, though it is possible as a matter of
logical operation to arrange the inverter 13 on the negative
phase side, instead of the positive phase side, of the level
shift stage 12, but if it is so arranged, the signal transmitting
the positive phase side of the level shift stage 12 will be
delayed by an equivalent of three inverter stages, while the
signal transmitting the negative phase side of the level shift
stage 12 will be delayed by an equivalent of only one inverter
stage, resulting an imbalance in delay time. If the p-MOS side
and the n-MOS side of the output stage 14 had substantially the
same load drive forces, the operating speed of the circuit would
be regulated by the siower signal, but it is not the case with
this embodiment.

Furthermore, as the level conversion circuit embodying

the invention in this way is so designed that the gate width
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rationZ:WnZbetweenthen—channelMOSFETQnZandthep—channel
MOSFET Qp2 be 1:15, i.e. Wn2 be greater than Wp2, the signal
variation at the node nl from a high level to a low level is
faster then in the conventional level conversion circuit shown
in Fig. 10. Therefore, in spite of the presence of the inverter
13, the fall of the output to a low level takes place at
comparable speed to the conventional level conversion circuit.
Moreover, as the logical threshold of the inverter 13 is set
high, the delay time in the inverter 13 is extremely short.

Moreover, when the input to the output stage 14 wvaries
froma high level to a low level and the output signal is switched
from a low level to a high level, the p~channel MOSFET Qp5 having
a greater gate width is turned on and the n-channel MOSFET Oné6
is turned off as shown in Fig. 3{(A) and, because the MOSFET Qnll
for high resistance use is narrower in gate width, the overall
logical threshold of the output stage 14 is shifted toward the
higher side than when both QOp5 and Qn6é are on. As a result,
the switching of the output from a low level to a high level
is accelerated.

Next will be considered a case in which the input signal
IN vafies from a high level to a low level. As the input signal
is at a high level in the preceding state, the n-channel MOSFET
On5 of the output stage 14 is in an on state and the p-channel
MOSFET Qp6 is in an off state; the output of the delay stage

15 is at a low level to turn off the n-channel MOSFET Oné6 of
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the output stage 14 and to turn on the p-channel MOSFET Qp>.
As a result, the output stage 14 is in a state of giving a low
level output via the n-channel MOSFETs Qn5 and Qnll in an on
state.

When the input signal IN varies from a high level to a
low level in this state, the n-channel MOSFET Qn3, to whose gate
terminal the signal /IN inverted by the inverter 11 is inputted
is shifted from an off state to an on state. As the n-channel
MOSFET QOn3 has a greater gate width than the p-channel MOSFET
Qp3 in the level shift stage 12, the output node n2 varies
promptly from a high level to a low level. However, the
variation of the output node n2 from a high level to a low level
is slower than that of the output node nl from a high level to
a low level by the delay by the inverter 11. Yet, while the
variation of the output node nl from a high level to a low level
is transmitted to the output stage 14 via the inverter 13, this
variation of the output node n2 from a high level to a low level
is promptly transmitted to the output stage 14 via the inverter
13, resulting in substantially equal lengths of transmission
time between them.

On the other hand, the n-channel MOSFET Qn2 of the level
shift stage 12 is shifted from an on state to an off state when
the input signal IN varies from a high level to a low level.
The p-channel MOSFET Qp2 is shifted from an off state to an on

state in response to the variation of the output node n2 to a
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low level by the shifting of the n-channel MOSFET On3 from an
off state to an on state by the inverted input signal /IN. Then
as the p-channel MOSFET Qp2 is narrower in gate width than the
n-channel MOSFET Qn2, the variation of the output node nl from
a low level to a high level takes place relatively slowly but
not very slowly because the variation of the output node n2 from
a high level to a low level is relatively rapid as stated above.
The potential variation of the output node nl is transmitted
to the gate terminal of the MOSFET Qn5 of the output stage 14
via the inverter 13 at a somewhat delayed timing to shift Qnb
from an on state to an off state.

When the output varies from a low level to a high level
as stated above, with a slight delay the delay stage 15 turns
off the p-channel MOSFET Qp5 of the output stage 14 and turns
on the n—channel MOSFET Qn6, and the output stage 14 is thereby
made immediately responsive to the next variation of the input
signal from a low level to a high level. Thus in the early phase
of the variation of the input signal from a low level to a high
level, a current flows through the n-channel MOSFET Qné turned
on by the preceding signal, and the output potential rapidly
varies toward the ground potential. When this variation
proceeds to a certain extent, Qné is turned off, and after that
the output potential is fixed via the MOSFET Qnll functioning
as a resistor. The same is true of the operation in the reverse

direction.
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Moreover, as stated above, since the level conversion
circuit embodying the invention in this manner is designed to
have a Wp3:Wn3 ratio of 1:15 between the gate widths of the
p-channel MOSFET Qp3 generating the signal on the non-inverted
output node n2 side of the level shift stage 12 and the n-channel
MOSFET On3, i.e. Wn3 is greater than Wp3, the signal variation
at the node n2 from a high level to a low level is faster than
in the conventional level conversion circuit shown in Fig. 10.
Also, when the input to the output stage 14 varies from a low
level to a high level to switch the output signal from a high
level to a low level, the p~-channel MOSFET Qp5 having a greater
gate width is off and the n-channel MOSFET Qn6é is off as shown
in Fig. 3(B). As the MOSFET Qpll for high resistance use is
narrower in gate width, the overall logical threshold of the
output stage 14 is shifted toward the lower side than when both
Op5 and Qn6é are on. As a result, the switching of the output
from a high level to a low level is accelerated.

Even though the signal transmission from the inverted
output node nl of the level shift stage 12 to the output stage
14 takes places via the inverter 13, the delay by this inverter
13 is about equal to that by the inverter 11 on the signal
transmission path on the negative phase side of the level shift
stage 12. Accordingly, as indicated by broken line B in Fig.
11, the rise of the output of this level conversion circuit to

a high level is faster than in the conventional level conversion
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circuit. The waveforms shown in Fig. 11 were obtained by the
simulation of this level conversion circuit embodying the
invention and the level conversion circuit embodying the prior
art.

Fig. 4 is a circuit diagram of a variatioﬁ of the level
conversion circuif shown in Fig. 1. 1In the level conversion
circuit of Fig. 4, the connective relationship of the p-channel
MOSFETs Qp5 and Qpll to Qpé of the output stage 14 in the level
conversion circuit of Fig. 1 is reversed, and that of the
n-channel MOSFETs Qné6 and Qnll to On5 is also reversed.

In the circuit illustrated in Fig. 1, in order to prevent
the pn junction between the source-drain region and the well
region of each MOSFET from being biased in the forward direction
to let a leak current flow, the potentials of the n-type well
regions of the p-channel MOSFETs Qp5 and Qpé are kept at VDDZ,
the highest level in the chip, and those of the p-type well
regions of the n-channel MOSFETs Qn5 and Qn6é are kept at the
ground potential level, the lowest in the chip. For this reason,
the source potential of Qp6 which is the MOSFET for drive use
is brought down by the potential drop due to the on-resistance
of QOp5, resulting in a higher well potential than the source
potential. Conversely, the well potential of On5 becomes lower
than the source potential.

As a result, the back bias effect of the well potential

raises the thresholds of Qp5 and On6. Accordingly, if the
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p-channel MOSFETs Qp5 and Qp6 are of the same size(gate width)
and so are the n-channel MOSFETs Qné and Qn5, it is preferable
for the connective relationship of Op5 and Qpll to Qpé and that
of On6 and QOnll to Qn5 to be reversed from the respective
relationships in Fig. 1 as shown in Fig. 4, so that the source
of the MOSFET Qp6 for drive use be connected to the source voltage
VDD2 and the source Qn5 be connected to the grounding point.
It is to be noted, however, that the connective
relationships shown in Fig. 1 are desirable for the circuit of
Fig. 1 because the gate width Wp5 of Qp5 is set greater than
the gate width Wp6 of Qp6 and the gate width Wp6 of Qné is set
greater than the gate width Wn5 of On5. If, with these
relationships in size kept as they are, the connective
relationship of Op5 and Qpll to Qp6 is reversed and that of Qné
and Qnli to Qn5 is also reversed, the parasitic capacitance
between the source-drain and the well will be greater in Qp5
and Qné which are larger in size. For this reason, both the
source-well parasitic capacitances and the drain-well
parasitic capacitances of Qp5 and Qné become visible as the load

capacitances of the MOSFETs Qp6 and On5 for drive use, and the

signal variation is slowed down accordingly.

When the connective relationship of Qp5 and Qpll to Qp®6
and that of On6 and Onll to QOn5 are as shown in Fig. 1, the sources
of Op5 and QOné are connected to the source voltage, with the

result that only the drain-well parasitic capacitances of Qp5
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and On6 are visible as the load capacitances of the MOSFETs Qp6
and Qn5 for drive use and the signal variation is faster than
when the connective relationships are in the other way.
Furthermore, as described with reference to the embodiment
shown in Fig. 1, where the MOSFETs Qp6 and Qn5 for drive use
are smaller in size (gate width)}, the gate cépacitances become
small, resulting in less load capacitances for the preceding
circuit, while greater sizes (gate widths) of Qp5 and Qné would
reduce the on-resistances and accordingly facilitate faster
operation.

Fig. 5 illustrates another level conversion circuit,
which is a second preferred embodiment of the invention. The.
level conversion circuit shown in Fig. 5 is configured of an
inverter 11 for inverting an input signal IN, a latch circuit
type level shift stage 12 whose inputs are a signal /IN resulting
from inversion by the inverter 11 and the pre-inversion signal
IN, an inverter 13 for inverting the signal on the inverted
output node nl side of the level shift stage 12, a push-pull
type output stage 14 whose inputs are the output signal of the
inverter 13 and the signal on the non-inverted output node n2
side of the level shift stage 12, a delay stage 15 for delaying
the output signal of the output stage 14 to apply feedback to
the output stage 14, and an output latch stage 16 for latching
the signal of the output node n4 of the output stage 14. Since

the inverter 11, the level shift stage 12 and the inverter 13
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have the same configurations as their respective counterparts
in the embodiment shown in Fig. 1, their detailed description
is dispensed with.

The output stage 14 consists of two p-channel MOSFETs Qp5
and Qp6 and two n-channel MOSFETs Qn5 and Qné connected in series,
and signals on the non-inverted output node n2 side of the level
shift stage 12 and signals resulting from inversion of signals
by the inverter 13 on the inverted output node nl side are applied
to the gate terminals of Qp6 and Qn5. The output terminal OUT
of the circuit is connected to the output node n4 of this output
stage 14, and any variation in the potential at the output node
nd of this output stage 14 is immediately reflected in the output
terminal OUT. The output sighal of the delay stage 15 is applied
to the gate terminals of the MOSFETs Qp6 and Qn5. Qp3Sis shifted
to an on/off state reverse to that of Qp6 a little later than
Qp6, and On6 is shifted to an on/off state reverse to that of
Oon5 a little later than Qnb5.

The gate width Wp6é of the p-channel MOSFET Qp6
constituting the output stage 14 is so designed that its ratio
to the gate width Wp2 of the p-channel MOSFETs Qp2 and Qp3 of
the level shift stage 12, i.e. Wp6:Wp2, be about 10:1. On the
other hand, the ratio of the gate width Wn5 of the n-channel
MOSFET QOn5 constituting the output stage 14 to the gate width

Wn2 of the n-channel MOSFETs Qn2 and Qn3 constituting the level

shift stage 12, i.e. Wnb5:Wn2, is designed to be about 1:3.
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The delay stage 15, consisting of two inverters INV4 and
INV5 connected in cascade, delays the output of the output stage
14 to apply feedback to the gate terminals of the p-channel
MOSFET Qpb and the n-channel MOSFET Qné constituting the output
stage 14 with a signal in the same phase as the output signal
of the output stage 14. Therefore, the p-channel MOSFET Qp5
and the n-channel MOSFET Qn6 constituting the output stage 14
are subjected to on/off control in a complementary manner, with
the result that, a 1ittle later than the variation of the output
signal of the output stage 14 to a high level, the n-channel_
MOSFET On6 is turned on and the p-channel MOSFET Qp5 is turned
off. Also, a little later than the variation of the output
signal of the output stage 14 to a low level, n-channel MOSFET
Qné is turned off and the p-channel MOSFET Qp5 is turned on.

Thus, when the input signal to the output stage 14 varies
to a high level to turn off the p~channel MOSFET Qp6 and to turn
on the n-channel MOSFET Qn5, the output varies to a low level,
followed with a brief time lag by the turning-off of Qné and
the shift of the output node n4 to a high impedance. Also, when
the input signal of the output stage 14 varies to a low level
to turn on the b-channel MOSFET Qp6 and to turn off the n-channel
MOSFET Qn5, the output varies to a high level, followed with
a brief time lag by the turning-off of Op5 and the shift of the
output node n4 to a high impedance.

Even though the output node n4 of the output stage 14 takes
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on a high impedance as described above, the preceding latch of
the output potential 6f the output stage 14 by the output latch
stage 16 keeps the potential of the output terminal OUT in the
immediately preceding state. Moreover, once the output
potential of the output stage 14 is made definite, the MOSFETs
Op5 and Qn6 of the output stage 14 are promptly shifted by the
delay stage 15 into an on/off state reverse to that of QP6 and
On5. As a result, the output stage 14 can be thereby made
immediately responsive to the next variation of the input .
signal.

The output latch stage 16, configured of a CMOS inverter
INVé for inverting the output signal of the output stage 14 and
a CMOS inverter INV5 for further inverting the output of the
inverter INV6, supplies a signal in the same phase as the output
signal of the output stage 14 upon connection of the output node
n5 of the inverter INV5 to the output terminal OUT of the circuit
and, even if the output node n4 of the output stage 14 is placed
in a high impedance state, maintaihs the output potential of
immediately before. The MOSFETs Qp8 and Qn8 constituting the
inverter INV6 of the first stage are formed to be less in drive
power, i.e. gate width, than the MOSFETs Qp5 and Qn5
constituting the output stage 14, so that when the output stage
14 is so driven as to invert the potential of the output node
n4 of the output stage 14, the potential of the output node n5

of the output latch stage 16 is also inverted.
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Next will be described the operation of the level
conversion circuit embodying the invention as illustrated in
Fig. 5.

First will be considered a case in which the input signal
IN varies from a low level to a high level. As the input signal
is at a low level in the preceding state, the n-channel MOSFET
OonS of the output stage 14 is in an off state and the p-channel
MOSFET Qp6 is in an on state; the output of the delay stage 15
is at a high level to turn on the n-channel MOSFET Qné of the
output stage 14 and to turn off the p-channel MOSFET Qp5. As
a result, through the output stage 14 is in a high impedance
state, the output is kept at‘a high level because the output
" state immediately after the variation of the output node n4 is
latched by the output latch circuit 16.

When the input signal IN varies froma low level to a high
level in this state, because the n-channel MOSFET QOn2 has a
greater gate width than the p-channel MOSFET Qp2 in the level
shift stage 12, the output node nl promptly changes from a high
level to a low level. This change in potential is transmitted
to the gate terminal of the MOSFET On5 of the output stage 14
via the inverter 13 at a somewhat delayed timing, and shifts
On5 from an off state to an on state.

On the other hand, the n-channel MOSFET Qn3 of the level
shift stage 12 is turned off by the output signal of the inverter

11 for inverting the input signal IN a little later than the
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turning-on of Qn2. Then the shifting of the p-channel MOSFET
Op3 from an off state to an on state is begun relatively promptly
by the potential variation of the output node nl to a low level.
However, as the p-channel MOSFET Qp3 is narrower in gate width
than the n-channel MOSFET Qn3, the variation of the output node
n2 from a low level to a high level is a little slower than that
of the output node nl from a high level to a low level. This
potential variation is immediately transmitted to the gate
terminal of the MOSFET-Qp6 of the output stage 14 to shift Qpé
from an on state to an off stéte. As a result, the output
promptly varies from a high level to a low level.

As described above, the signal transmitting the positive
phasé side of the level shift stage 12 is transmitted toc n-
MOS of the output stage 14 via the inverter 13, and the signal
transmitting the negative phase side of the level shift stage
12 is transmitted to p~-MOS of the output stage 14 via the inverter
11. Since adelayequivalent toone inverter stage is thus given
to each, the signals on the two sides arrive at substantially
the same time. Furthermore, as the level conversion circuit
embodying the invention in this way is so designed that the gate
width ratio Wp2:Wn2 between the n-channel MOSFET Qn2 and the
p-channel MOSFET Qp2 be 1:15, i.e. Wn2 be greater than Wp2, the
signal variation is faster then in the conventional level
conversion circuit shown in Fig. 10. Therefore, in spite of

the presence of the inverter 13, the fall of the output to a
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low level takes place at comparable speed to the conventional
level conversion ¢éircuit.

Next will be considered a case in which the input signal
IN varies from a high level to a low level. As the input signal
is at a high level in the preceding state, the n-channel MOSFET
On5 of the output stage 14 is in an on state and the p-channel
MOSFET Qp6 1s in an off state; the output of the delay stage
15 is at a low level to turn off the n-channel MOSFET Qné6 of
the output stage 14 and to turn on the p-channel MOSFET QpS5.
As a result, the output stage 14 is in a high impedance state,
but the output is maintained at a low level because the output
state immediately after the variation of the output node n4 to
a low level is latched by the output latch circuit 16.

When the input signal IN varies from a high level to a
low level in this state, the n-channel MOSFET Qn3, to whose gate
terminal the signal /IN inverted by the inverter 11 is inputted,
is shifted from an off state to an on state. As the n-channel
MOSFET On3 has a greater gate width than the p-channel MOSFET
Qp3 in the level shift stage 12, the output node n2 varies
promptly from a high level to a low level. However, the
variation of the output node n2 from a high level to a low level
is slower than that of the output node nl from a high level to
a low level by the delay by the inverter 11. Yet, while the
variation of the output node nl from a high level to a low level

is transmitted to the output stage 14 via the inverter 13, this
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variation of the output node n2 from a high level to a low level
is promptly transmitted to the output stage 14 via the inverter
13, resulting in substantially equal lengths of transmission
time between them.

On the other hand, the n-channel MOSFET Qn2 of the level
shift stage 12 is shifted from an on state to an off state when
the input signal IN varies from a high level to a low level.
The p~channel MOSFET Qp2 is shifted from an off state to an on
state in response to the variation of the output node n2 to a
low level by the shifting of the n-channel MOSFET On3 from an
off state to an on state by the inverted input signal /IN. Then
as the p-channel MOSFET Qp2 is narrower in gate width than the
n—-channel MOSFET Qn2, the variation of the output node nl from
a low level to a high level takes place relatively slowly but
not very slowly because the variation of the output node n2 from
a high level to a low level is relatively rapid as stated above.

The potential variation of the output node nl is
transmitted to the gate terminal of the MOSFET On5 Of. the oiztput
stage 14 via the inverter 13 at a somewhat delayed timing to
shift On5 from an on state to an off state. However, the output
of the inverter 13 varies relatively rapidly because the p-
channel MOSFET Qp4 is designed to be greater than the n-channel
MOSFET On4 in gate width, and the signal transmission from the
output node nl to the gate terminal of the MOSFET On5 of the

output stage 14 takes place promptly. As a result, the
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potential, i.e. the vdltage, at the output node n3 of the output
stage 14 promptly varies from a low level to a high level.

When the output varies from a low level to a high level
as stated above, with a slight delay the delay stage 15 turns
off the p-channel MOSFET Qp5 of the ocutput stage 14 and turns
on the n-channel MOSFET Qné6, and the output stage 14 is thereby
placed in a high impedance state. 1In that while, the potential
of the output stage 14 is latched by the latch output circuit
16 to maintain the output in a high level state.

As stated above, since the level conversion circuit
embodying the invention in this manner is designed to have a
Wp3:Wn3 ratio of 1:15 between the gate widths of the p-channel
MOSFET Qp3 generating the signal on the non-inverted output node
n2 side of the level shift stage 12 and the n-channel MOSFET
On3, i.e. Wn3 is greater than Wp3, the signal variation is faster
than in the conventional level conversion circuit shown in Fig.
10. Along with that, even though the signal transmission from
the inverted output node nl to the output stage 14 takes place
via the inverter 13, the rise of the output of this level
conversion circuit to a high level is faster than in the
conventional level conversion circuit because the delay by the
inverter 13 is about equal to that by the inverter 11 on the
signal transmission path on the negative phase side of the level
shift stage 12.

Fig. 6 is a circuit diagram of a variation of the level
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conversion circuit shown in Fig. 5. In the circuit of Fig. 6,
in place of the p-channel MOSFETs Qp5 and Qp6é constituting the
output stage 14 in the circuit of Fig. 5, n-channel MOSFETs Qn5’
and On6’ are used, and an inverter 17 is also provided between
the non-inverted output node n2 of a level shift stage 12 and
an output stage 14 to drive the MOSFETs Qn5’ and Oné6’. Further,
so that signals generated by the n-channel MOSFET Qn5’ and Qné’
can invert an output latch stage 16 to a logical state reverse
to the logic by On5 and Qné (output at a low level), the drain
terminal of the MOSFET Qn5’ is connected to the input terminal
of a CMOS inverter.iNVS of the output latch stage 16. The
configuration of this embodiment is the same as the circuit of
Fig. 3 in all other respects. The level conversion circuit
embodying the invention in this manner also has an advantage
of a faster output signal rise than in the conventional level
conversion circuit.

Fig. 7 illustrates the configuration of an example of
application of the level conversion circuit according to the
invention to a bidirectional buffer circuit. The
bidirectional buffer circuit shown in Fig. 7 is suitable for
a semiconductor intégrated circuit designed to have its
internal circuits operate on a source voltage of, for instance
1.5 V and transmit and receive signals to and from other LSIs
via an interface of an LV-TTL level, such as 0 V to 3.3 V.

In Fig. 7, reference numerals 2la and 21b denote logic
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circuits; 22a and 22b, voltage boost typé level conversion
circuits described with reference to an earlier cited
embodifnent; 23, an external terminal; 24a and 24b MOSFETs for
output use connected in series between a source voltage VDDZ
and the grounding point; and 25a through 25d, logical gate
circuits for generating signals to control the gates of the
MOSFETs 24a and 24b for output use. A tristate output buffer
circuit is configured of the level conversion circuits 22a and
22b, the MOSFET 24a and 24b for output use, and the logical gate
circuits 25a through 25d. Reference numeral 30 denotes an input
buffer circuit consisting of a voltage depressing type level
conversion circuit; and 21c,. an internal circuit.

A data signal to be outputted from the internal circuit
21b is inputted to 24a out of the level conversion circuits 24a
and 24b, and to 24b is inputted an output signal of a NOR gate
25a to provide a logical sum of a data enable signal EN supplied
from an internal circuit and a testing enable signal TEN
supplied from an external terminal {not shown) of the 1ike. The
source voltages of the internal circuits 2la and 21b and the
NOR gate 25a are VDD (e.g. 1.5 V), and the amplitudes of their
output signals range from 0 V to VDD.

The source voltages of the level conversion circuits 22a
and 22b are VDD2 {e.g. 3.3V), and the source voltages of logical
gates 25b, 25c and 25d which respectively receive the output

signals of 0 V to VDD in amplitude of the internal circuits 21la
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and 21b and of the NOR gate 25a and converting them into signals
of 0 V to VDD2 in amplitude are also VDD2.

In the output buffer of this embodiment, when either the
data enable signal EN or the testing enable signal TEN is shifted
‘Uaalowlevel,controlsignalsareapplimﬂtothegatéterminals
of the MOSFETs 24a and 24b for output use to turn them off
irrespective a data signal DT from the internal circuit 21b,
and this places the external terminal 23 in a high impedance
state. On the other hand, when both the data enable signal EN
and the testing enable signal TEN are shifted to a high level,
one of the MOSFETs 24a and 24b for output use is turned on and
the other is turned off in response to the data signal DT from
the internal circuit 21b, and this causes VDD2 or the ground
potential (0 V} to be supplied to the external terminal 23.

The testing enable signal TEN is used for placing the
output buffer circuit of this embodiment in a high impedance
state when, for instance, an external terminal to which the
bidirectional buffer of this embodiment is connected is further
connected to an external bus or the like, and a signal is to
be entered into another semiconductor integrated circuit
connected to that external bus. Inthe embodiment shown in Fig.
7, it is also possible to arrange the level conversion circuits
22a and 22b between the logical gates 25c and 25d and the gate
terminals of the MOSFETs 24a and 24b for output use. However,

as the MOSFETs 24a and 24b for output use are large in element
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size, the constituent elements of the preceding circuit for
driving their gates also have to be large. Therefore it is
preferable to arrange the logical gates 25b through 25d
immediately before the MOSFETs 24a and 24b for output use as
in Fig. 7 than to arrange the level conversion circuits 22a and
22b involving many constituent elements immediately before the
MOSFETs 24a and 24b for output use, because less space would
be occupied in this way.

Fig. 8 shows the logical configuration of a typical
example of application of the level conversion circuit
according to the invention to an output buffer circuit. While
the circuit of Fig. 7 is a bidirectional buffer, this circuit
of Fig. 8 is a unidirectional output buffer. There is no enable
signal EN which would either permit or forbid the output of the
data signal DT, and the data signal supplied from the internal
circuit 21 is commonly entered into the level conversion
circuits 22a and 22b provided respectively matching the MOSFETs
24a and 24b.

Further between the level conversion circuits 22a and 22b
and the gate terminals of the MOSFETs 24a and 24b for output
use, there are provided the logical gates 25c¢ and 254 for
allowing or intercepting the supply of the output signals of
the level conversion circuits 22a and 22b to the gate terminals
of the MOSFETs 24a and 24b for output use in response to the

testing enable signal TEN. There is also provided a third level
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conversion circuit 22c¢ for converting the testing enable signal
TEN, where it is a low amplitude signal like internal signals,
into a high amplitude signal and entering it into the logical
gates 25c and 25d. However, since this third level conversion
circuit 22c need not operate at high speed, it may use only the
first part of the level conversion circuit shown in Fig. 1.
Incidentally, the output signal of this third level conversion
circuit 22c is commonly supplied to any other output buffer
circuit connected to another external terminal (not shown) to
accomplish similar control. It is also possible to integrate
the level conversion circuits 22a and 22b into a single circuit
by using larger constituent elements or otherwise.
"Furthermore, in this embodiment, too, the level conversion
circuits 22a and 22b can be arranged between the logical gates
25c and 25d and the gate terminals of the MOSFETs 24a and 24b
for output use.

Fig. 9 shows a specific example of circuitry for an input
buffer 30 consisting of a voltage depressing type level
conversion circuit provided in the bidirectional buffer circuit
of Fig. 7. As illustrated in Fig. 7, the input buffer 30 is
configured of a first stage CMOS inverter 31 for receiving the
input signal IN entered from the external terminal 23, a second
stage CMOS inverter 32 for inverting the output of the CMOS
inverter 31, and an inverter 33 consisting of two n-channel

MOSFETs On3l and Qn32 in series for receiving at its gate
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terminals the outpits of the inverters 31 and 32. The inverters
31 and 32 are operated a source voltage VDD2, which may be 3.3
V or the like matched with an external interface level, and the
third stage inverter 33 is operated with a source voltage VDD,
which may be 1.5 V or the like equalized to the internal source
voltage, and converts a signal of 0 to 3.3 V amplitude entered
from outside into a signal of 0 to 1.5 V amplitude for supply
to the internal circuit 2lc.

Fig. 12 shows an example of layout of various logic gates
and elements constituting the bidirectional buffer circuit of
Fig. 7 over a semiconductor chip. In Fig. 12, blocks assigned
the same reference signs as in Fig. 7 denote respectively the
same logical gates and elements. The layout illustrated inFig.
12 makes it possible to so arrange, even where a plurality of
I/0 pads 23 are provided in parallel, the bidirectional buffer
circuit as to n{atch the pad with, and according to avoid any
waste of space.

Fig. 13 shows an example of layout of elements
constituting the level conversion circuits 22a and 22b to which
the invention is applied out of the blocks shown in Fig. 12.
In Fig. 13, solid lines represent wiring consisting of layers
of metal such as aluminum; two-dot chain lines, gate electrodes
consisting of polysilicon layers or the like; broken lines,
diffusion layers to constitute fhe source-drain region of the

MOSFETs.
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The central part where there is no element is the wiring
area, where power supply lines (not shown), wiring to connect
the n-channel MOSFETs and the p-channel MOSFETs and the like
are formed by using a multi-layer wiring technique. In Fig.
13, wiring represented in the central wiring area is only part
but not all of the wiring. Signs in Fig. 13 denote the portions
wherein the same elements constituting the circuit of and
bearing the same reference signs as in Fig. 1 are formed, though
the MOSFET Qp9 in Fig. 1 is dispensed with in Fig. 13.

As described with reference to the embodiment shown in
Fig. 1, the MOSFETs Qn2, On3, Qp5, Qp6.and QOné are designed to
besomewhatgreatérinthegatewidththanotherelements. When
laying out MOSFETs of greater gate widths on a semiconductor
substrate, trying to linearly arrange gate electrodes would
result in a element shape extremely long in one direction and,
where internal circuits are to be configured of a gate array
or the like, the gate array portion will become hardly
compatible with the well region, and the well region of the I/0
buffer circuit will have to be designed separately from the gate
array portion.

Then, in this embodiment, the well regions of elements
in the I/0 buffer circuit portion are designed in common with
the gate array portion to ensure compatibility more easily by
splitting and arranging in parallel the gate electrodes of

elements larger in gate width, such as the MOSFETs Qn2, Qn3,
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Op5, Qp6 and Qn6. When splitting the gate electrodes, it is
conceivable to split the diffusion layer of the source-drain
region of each split gate electrode, but splitting the diffusion
layers as well would invite a drop in area efficiency.
Therefore in this embodiment, elements larger in gate width,
such as the MOSFETs Qn2, On3, Qp5, Qpé and On6, are so designed
that even if their gate electrodes be split but their diffusion
layers be not.

Furtﬁerinthisembodiment,forelementsrelativelysmall
in gate width, such as the MOSFETs Qp2, Qp4, Qn4, Onll and Qpll,
standby MOSFETs Qp2’, Qp4’, On4’, Onll’ and Qpll’ whose gate
electrodes are split are provided in the vicinities of their
respective regular counterparts. Out of the MOSFETs Qp2, Qp4,
on4, Onll and Qpll, the gate width Wp2 of Qp2 and Qp4 is set
smaller than the gate width Wn2 of the MOSFETs Qn2 and On3
respectively paired with them in a ratio of 1:15 for instance.
The greater the gate width ratio, the more easily the stable
D.C. operation can be accomplished, but too great a ratio would
slow down the rise of the output nodes nl and n2. Thus in the
embodiment of Fig. 1, the gate width ratio Wp2:Wn2 in the level
shift stage 12 is determined by a trade-off between the D.C.
operation margin and the operating frequency.

Therefore, where étandby MOSFETs Qp2’' and Qp4’ are
provided, the circuit constant can be adjusted according to the

target operating frequency of the circuit by selectively
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connecting or not connecting these elements at the time of
wiring formation by the master slice method.

On the other hand, for the MOSFETs Qn4, Onll and Qpll,
the logical thresholds of the inverter 13 and the output stage
14 are determined according to their gate width ratio to the
MOSFETs Qp4, Qp6é and Qn5 respectively paired with them.
Accordingly, if the standby MOSFETs On4’, Onll’ and Qpll'.are
provided as stated above, the logical thresholds can be adjusted
for the fine tuning of the rising or falling speed of signals
by selectively connecting or not connecting these elements at
the time of wiring formation by the master slice method.

The invention accomplished by the present inventor has
been described so far with reference to specific embodiments
thereof, but the invention is not limited to these embodiments
and obviously can be modified in many different ways without
deviating fromthe true scope and spirit thereof. For instance,
though the inverter 13 is provided on the positive phase side
of the level shift stage 12 in the embodiments of Fig. 1 and
Fig. 4, this inverter 13 can be provided on the negative phase
side of the level shift stage 12 as shown in Fig. 9. However,
in such an arrangement, signals fransmitted on the positive
phase side of the level shift stage 12 will be delayed by an
equivalent of three inverter stages while signals transmitted
on the negative phase side of_the level shift stage 12 will be

delayed by an equivalent of one inverter stage, resulting in
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an imbalance. Accordingly, some contrivance would be needed,
such as providing a greater load drive force on the p-MOS side
of the delay stage 15 than that on the n-MOS side.

Although the foregoing description mainly referred to
the application of the invention by the present inventor to
an I/0 buffer circuit having a level converting function,
which belongs. to the background of the inventive attempt, the
invention is not limited to that, but can as well be applied
to level conversion circuits in semiconductor integrated
circuits.

Benefits provided by typical aspects of the invention
disclosed in this application are summarized below.

Thus, according to the invention, there can be provided
a level conversion circuit in which the variation of output
signals from a low level to a high level is substantially equal
to that from a high level to a low level, and at the same time
it is made possible to increase the operating speed of a system
using a semiconductor integrated circuit having a level

conversion circuit as its interfacing circuit.
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What is claimed is:

1. A level conversion circuit comprising:

a first circuit including a first input terminal for
receiving a first signal having a first signal amplitude, a
first output terminal for supplying a second signal having a
second signal amplitude greater than said first signal
amplitude and being in the same phase as said first signal, and
a second output terminal for supplying a third signal having
a second signal amplitude greater than said first _signal
amplitude and being in the phase reverse to said first signal;
and

a second circuit including a first p-channel type MOS
transistor, a second p-channel type MOS transistor, a first
n-channel type MOS transistor and a second n-channel type MOS
transistor whose source-drain routes are connected in series
between a first voltage terminal and a second voltage terminal,
and the drain of said first p-channel type MOS transistor and
the drain of said n-channel type MOS transistor are connected
to a third output terminal,

wherein said second circuit forms a fourth signal having
said second signal amplitude on the basis of the signal
variation of said second signal supplied from said first output
terminal of said first circuit or of said third signal supplied
from said second output terminal of said first circuit,

whichever is faster in signal level change, and supplying said

55

R R L



fourth signal from said third output terminal.

2. A level conversion circuit according to Claim 1,
further comprising a delay means for delaying said second signal
supplied from said first output terminal of said first circuit
or said third signal supplied from said second output terminal
of said first circuit to control said second p-channel type MOS
transistor and said first n-channel type MOS transistor, or said
first p-channel type MOS transistor and said second n-channel
type MOS transistor.

3. A level conversion circuit according to Claim 1,
wherein a circuit from which, according to a signal inputted
to the gafe terminal of a MOS transistor, a signal matching said
gate input signal is supplied to the source or drain terminal
of the MOS transistor is defined to be one stage, the number
of c;réuié stages which a signal reaching said third output
terminal of said second circuit from said first input terminal
of said first circuit via said second output terminal goes
through and the number of circuit stages which a signal reaching
said third output terminal of said second circuit from said
first input terminal of said first circuit via said third output
terminal goes through are equal.

4. A level conversion circuit according to Claim 1,
wherein the state of said second.p—channel type MOS transistor

or first n-channel type MOS transistor in said second circuit

varies with change in said second signal or third signal
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supplied from said first circuit.

5. A level conversion circuit according to Claim 1 or
4, wherein a high resistance element for pull-up use and a high
resistance element for pull-down use are connected respectively
in parallel to said first p~channel type MOS transistor and said
second n-channel type MOS transistor.

6. A level conversion circuit according to Claim 1 or
5, wherein the ratio between the gate width and the gate length
of said first p-channel type MOS transistor is set to be greater
than the ratio between the gate width and the gate length of
said second p-channel type MOS transistor, and the ratio between
the gate width and the gate length of said second n-channel type
MOS transistor is set to be greater than the ratio between the
gate width and the gate length of said first n-channel type MOS
transistor.

7. A level conversion circuit according to Claim 1,
wherein a first inverter for logically inverting said first
signal is further provided, said first circuit having a second
input terminal for receiving the output signal of. said first
inverter and being comprised of a third n-channel type MOS
transistor and a fourth n—-channel type MOS transistor whose gate
terminals are connected respectively to said first input
terminal and second input terminal, a third p-channel type MOS
transistor whose source-drain path is connected in series to

said third n-channel type MOS transistor and whose gate terminal
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is connected-to the drain terminal of said fourth n-channel type
MOS transistor, and a fourth p-channel type MOS transistor whose
source-drain path is connected in series to said fourth n-
channel type MOS transistor and whose gate terminal is connected
to the drain terminal of said third n-channel type MOS
transistor, said first output terminal being connected to the
drain terminal of said fourth n-channel type MOS transistor,
said second output terminal being connected to the drain
terminal of said third n-channel type MOS transistor, and a
second inverter for logically inverting said second signal
being connected to said first output terminal.

8. A level conversion circuit according to Claim 7,

" wherein the state of said second p-channel type MOS transistor
or first n—channel type MOS transistor in said second circuit
varies with change in said second signal or the output signal
of said second inverter, whichever is faster in signal
variation,

9. A level conversion circuit according to Claim 8§,
further comprising a third invérter to control said first
p-channel type MOS transistor and second n-channel type MOS
transistor according to the second signal supplied from said
first output terminal of said first circuit or the output signal
of said second inverter, whichever is slower in signal
variation.

10. A level conversion circuit according to Claim 1,
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further having a delay means to control said second p-channel
type MOS transistor and first n-channel type MOS transistor or
sald first p-channel type MOS transistor and second n-channel
type MOS transistor according to the signal variation of said
second signal supplied from the first output terminal of said
first circuit or of said third signal supplied from said second
output terminal of said first circuit, whichever is slower in
signal wvariation.

11. A level conversion circuit, according to Claim 1,
wherein the state of said first p-channel type MOS transistor
or second n—channel type MOS transistor in said second circuit
varies in response to a variation of said second signal or third
signal supplied from said first circuit, whichever is faster.

12. A level conversion circuit comprising a first
circuit including a first input terminal for receiving a first
signal having a first signal amplitude, a first output terminal
for supplying a second signal having a second signal amplitude
greater than said first signal amplitude and being in the same
phase as said first signal, and a second output terminal for
supplying a third signal having a second signal amplitude
greater than said first signal amplitude and being in the phase
reverse to said first signal; and

a second circuit for forming a fourth signal having said
second signal amplitude on the ba.sis of a variation of said

second signal supplied from said first output terminal of said
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first circuit or of said third signal supplied from said second
output terminal of said first circuit, whichever is faster in
signal level change, and supplying said fourth signal from said
third output terminal,

wherein said second circuit receives said second signal
or third signal supplied from said first circuit and a signal
in the reverse phase thereto, and the logical threshold is
varied so as to accelerate the variation of said fourth signal
according to the direction of signal variation_._

13. A level conversion cilrcuit according to Claim 12,
wherein said second circuit has a first p-channel type MOS
transistor, a second p-channel type MOS transistor, a first
n-channel type MOS transistor and a second n-channel type MOS
transistor whose source-drain paths are connected in series
between a first voltage terminal and a second voltage terminal,
the drain of said first p-channel type MOS transistor and the
drain of said first n-channel type MOS transistor are connected
to said third output terminal, high resistance eiements are
connected respectively in parallel to said second p-channel
type MOS transistor and said first n-channel type MOS transistor,
and a delay means is provided to delay said second signal
supplied from said first output terminal of said first circuit
or said third signal supplied from said second output terminal
of said first circuit to control said second p-channel type MOS

transistor and first n-channel type MOS transistor or said first
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p-channel type MOS transistor and the second n-channel type MOS
transistor.

14. A level conversion circuit comprising a first
circuit including a first input terminal for receiving a first
signal having a first signal amplitude, a first output terminal
for supplying a second signal having a second signal amplitude
greater than said first signal amplitude and being in the same
phase as said first signal, and a second output terminal for
supplying a third signal having a second signal amplitude
greater than said first signal amplitude and being in the phase
reverse to said first signal; and

a second circuit for forming a fourth signal having said
second signal amplitude on.-the basis of a variation of said
second signal supplied from said first output terminal of said
first circuit or of said third signal supplied from said second
output terminal of said first circuit, whichever is faster in
signal level change, ahd supplying said fourth signal from said

third output terminal,

wherein a circuit from which, according to a signal
inputted to the gate terminal of a MOS transistor, a signal
matching said gate input signal is supplied from the source or
drain terminal of the MOS transistor being defined to be one
stage, the number of circuit stages which a signal reaching said
third output terminal of said second circuit from said first

input terminal of said first circuit via said second output
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terminal goes through and the number of circuit stages which
a signal reaching said third output terminal of said second
circuit from said first input terminal of said first circuit
via said third output terminal goes through are not more than
four each.

15. A level conversion circuit comprising a first
circuit including a first input terminal for receiving a first
signal having a first signal amplitude, a first output terminal
for supplying a second signal having a second signal amplitude
greater than said first signal amplitude and being in the same
phase as said first signal, and a second output terminal for
supplying a third signal having a second signal amplitude
greater than said first signal amplitude and being in the phase
reverse to said first signal; and

a second circuit for forming a fourth signal having said
second signal amplitude on the basis of a variation of said
second signal supplied from said first output terminal of said
first circuit or of said third signal supplied from said second
output terminal of said first circuit, whichever is faster in
signal level change, and supplying said fourth signal from said
third output terminal, |

wherein a circuit from which, according to a signal
inputted to the gate terminal of a MOS transistor, a signal
matching said gate input signal is supplied from the source or

drain terminal of the MOS transistor being defined to be one
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stage, the number of circuit stages which a signal reaching said
third output terminal of said second circuit from said first
input terminal of said first circuit via said second output
terminal goes through and the number of circuit stages which
a signal reaching said third output terminal of said second
circuit from said first input terminal of said first circuit
via said third output terminal goes through are three each.

16. A level conversion circuit according to Claim 1 to
15,

wherein signals are transmitted in a first amplitude in
internal circuits and signals are transmitted and received to
and from other external devices in a second amplitude greater
than said first amplitude, said level conversion circuit being
included in an input circuit or an output circuit of a
" semiconductor integrated circuit, said input or output circuit
being connected to an external terminal at which signals of said
second amplitude are supplied.

17. A level conversion circuit according to Claim 16,
further comprising, in said input or output circuit connected
to said external terminal to which the signals of said second
amplitude are inputted, an inverse level conversion circuit for
converting signals of said second amplitude into signals of said
first amplitude.

18. A semiconductor integrated circuit comprising:

a first level conversion circuit provided with a first
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circuit including a first input terminal for receiving a first
signal having a first signal amplitude, a first output terminal
for supplying a second signal having a second signal amplitude
greater than said first signal amplitude and being in the same
phase as said first signal, and a second output terminal for
supplying a third signal having a second signal amplitude
greater than said first signal amplitude and being in the phase
reverse to said first signal; and a second circuit for forming
a fourth signal having said second signal amplitude on the basis
of a variation of said second signal supplied from said first
output terminal of said first circuit or of said third signal
supplied from said second output.terminal of said first circuit,
whichever is faster in signal level change, and supplying said
fourth signal from said third output terminal; and

a second level conversion circuit comprised of a circuit
of the same form as said first circuit.

19. A semiconductor integrated circuit according to
Claim 18, wherein said first level conversion circuit is
provided on the path of transmitting usual operational signals
and said second level conversion circuit, on the path of

transmitting testing signals.
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