
"Semiconductor integrated circuit device". The present invention relates to
a semiconductor integrated circuit device (IC) including MOSFETs (insulated
gate field effect transistors). More often than not, an abnormally high
voltage 5        (surge voltage) such as frictional static electricity is
undesirably applied to an external terminal of a semi- conductor integrated
circuit device during transportation or handling of the device. To prevent
breakdown of the gate insulated film 10       of a MOSFET for signal input
due to such an abnormally high voltage, an input protective circuit is
generally arranged in a semiconductor integrated circuit consisting of
MOSFETs.   In this case, it has been believed that only a voltage level
applied between the gate and source 15       or between the gate and drain
of the MOSFET virtually determines if the gate insulating film of the
MOSFET is broken down or not.   For this reason, the ordinary input
protective circuit has such a construction which limits    -2- the voltage
applied across the gate and source or across the gate and drain of the
signal input MOSFET to below the breakdown voltage of the gate insulating
film. As will be described in detail later on, we have 5        found that
in a semiconductor integrated circuit device including an input circuit of
a type in which a signal to 



be applied to the external terminal is directly applied to a transmission
gate MOSFET (hereinafter referred to as the "drain input type"), the gate
insulating film is broken 10       down even when the peak value of the
surge voltage applied to the input electrode of the transmission gate
MOSFET, or the drain or source electrode, is limited by an input protective
circuit to a level below the breakdown voltage of the gate insulating film.
15                 Accordingly, it is an object of the present invention to
provide a semiconductor integrated circuit device including an input
circuit of the drain input type whose electrostatic breakdown strength is
improved. It is another object of the present invention 20       to provide
a semiconductor integrated circuit device including an input protective
circuit capable of minimizing the drop in the signal change speed. It is
another object of the present invention    to provide a semiconductor
integrated circuit device including an input protective circuit suitable
for a semiconductor memory. The present invention is based upon the
following 5        facts and observations. We have confirmed by carrying
out experiments that in a semiconductor integrated circuit device
(hereinafter referred to as an "IC"), even if an input protective circuit,
consisting of a semiconductor resistor 



10       inserted between a signal input external terminal and an input
electrode of a transmission gate MOSFET and a voltage clamping MOSFET
inserted between the input terminal and a zero potential point of the
circuit, is arranged, the gate insulating film of the transmission gate
MOSFET 15       is broken down by an abnormally high voltage applied to the
external terminal.    Due to the breakdown of the gate insulating film, the
gate electrode and the input electrode (drain electrode) are
short-circuited. Incidentally, the voltage-current characteristic of 20
the drain Junction remains substantially    - 4 - unchanged.  Breakdown
occurs especially easily if the size of the transmission gate MOSFET is
smaller than that of the clamping MOSFET or the channel length of the for-
mer is shorter than that of the latter in order to improve 5
characteristics of the transmission gate MOSFET such as an input signal
transmission speed.  The gate insulating film of the clamping MOSFET has a
breakdown withstand voltage equal to that of the gate insulating film of
the transmission gate MOSFET while the drain of the former 10       is
commonly connected to that of the latter.  Accordingly, an equal surge
voltage is applied to the drains of both clamping and transmission gate
MOSFETs. Nevertheless, the gate insulating film of the clamping MOSFET is
more diffi- cult to breakdown. 



15            The mechanism of why and how the gate insulating film of the
transmission gate MOSFET breaks down even at a vol- tage below its
breakdown voltage has not been sufficiently clarified, however, the
following assumption may be made from factors relating to the size of the
transmission 20       gate MOSFET, factors associated with the circuit
construc- tion and from the fact that the gate insulating film of the
clamping MOSFET is more difficult breakdown. Namely, the breakdown voltage
at the p-n junction between the drain or source of the MOSFET and a
semicon- 25       ductor substrate is substantially determined by a surface
breakdown voltage because the depletion layer which ex- tends from the
source or drain of the MOSFET to the semiconductor substrate is restricted
by the presence of its gate electrode. For this reason, the breakdown 5
current density at the source or drain junction becomes maximal in the
proximity of the junction portion of the gate insulating film. Hence, the
gate insulating film is locally heated by the joule heating from the above-
mentioned portion. 10            If the transmission gate MOSFET is
short-channe led, its drain-source breakdown voltage is relatively low. The
gate electrode of the transmission gate MOSFET is not connected to the
earth/point of the circuit but is connected to an output terminal of a
circuit such as a clock pulse generation circuit.  When the surge voltage 



is applied to the external terminal of the IC, an undesi- rable potential
is applied to the gate electrode of the transmission gate MOSFET via a
parasitic capacitance bet- ween the gate electrode and the input electrode
(drain electrode). As a result, when the surge voltage is applied to the
external terminal of the IC, not only a surface break- down current but
also a drain-source breakdown current and a channel current flow through
the transmission gate MOSFET.  In the other words, the density of the
current    flowing through the transmission gate MOSFET becomes greater
than that of the clamping MOSFET. The gate in- sulating film of the
transmission gate MOSFET is heated to a relatively high temperature by the
heating of 5       the junction portion.  As a result, the gate insulating
film of the transmission gate MOSFET is broken down by rapid temperature
rise, thermal stress, or thermal impact that are generated by heating. The
breakdown of the gate insulating film of the 10       transmission gate
MOSFET may also be assumed by the fo- llowing mechanism. In general, when
the drain junction of MOSFETs is broken down, a negative resistance region
appears in the source-drain voltage and current characteristics. The 15
negative resistance phenomenon may be explained as follows. The drain
region, source region and a semiconductor 



substrate portion encompassed by the drain and source regions of the MOSFET
has the same construction as that of a bipolar lateral transistor. 20
If the drain junction of the MOSFET is broken down by a relatively high
voltage, an avalanche current gene- rated by avalanche multiplication of
the carrier is per- mitted to flow through the semiconductor substrate.
Since the resistance of the semiconductor substrate can 25       not be
neglected, an undesirable potential is given to the    - 7 - same by the
avalanche current.  When this potential is given to the semiconductor
substrate, the source junction of the MOSFET is forwardly biased so that
the minority carrier is injected from the source region to the semi- 5
conductor substrate.  Hence, the drain region, the semi- conductor
substrate and the source region function as the collector region, the base
region and the emitter region, respectively, of a parasitic bipolar lateral
transistor. The minority carrier injected into the semi- 10      conductor
substrate so functions to generate again the avalanche multiplication at
the drain junction portion which is brought to a high field.  The source
junction is again forward biased by the avalanche current generated by this
minority carrier. 5            Consequently, the breakdown of the MOSFET
continues even if the drain voltage is lowered after the start of 



the surface breakdown. When the abnormally high surge voltage due to fric-
tional static electricity is applied to the external 3       terminal, the
drain voltage of the clamping MOSFET starts to rise from a value such as
zero volts. When the drain voltage reaches the surface breakdown voltage,
the break- down current starts flowing through the drain junction of the
clamping MOSFET.  As the breakdown current starts flowing, the clamping
MOSFET functions in the abovementioned    -8- negative resistance region.
As a result, the breakdown current flowing between the drain and source of
the clamping MOSFET is increased relatively greatly. In the drain region of
the clamping MOSFET and in 5       the semiconductor substrate portion
encompassed by the drain and source regions of the MOSFET, a resistance
which generates a voltage due to the breakdown current exists. Accordingly,
if the level of the surge voltage applied to the external terminal is
great, the drain-source voltage 10       of the clamping MOSFET is so
increased as to exceed the surface breakdown voltage notwithstanding the
fact that the breakdown current is increased by the abovementioned negative
resistance phenomenon. In this case, however, a relatively large voltage
drop occurs in the drain region 15       and in the semiconductor substrate
portion due to a rela- tively large current generated by the negative
resistance 



phenomenon so that the voltage applied to the drain junc- tion portion,
which is in the proximity of the gate elect- rode and generates surface
breakdown, is limited to a 20       relatively small value. Consequently,
the surface breakdown current flowing through the clamping MOSFET is
reduced to a virtually negligible level as the operation due to the
negative resistance phenomenon starts. 25            When the drain voltage
of the clamping MOSFET is    increased to exceed the surface breakdown
voltage, the drain junction of the transmission gate MOSFET is also broken
down. Due to breakdown of the drain junction, a potential is also applied
to the semiconductor substrate 5     portion near the source region of the
transmission gate MOSFET. In this case, however, the source electrode of
the transmission gate MOSFET is not connected to the earth/ point of the
circuit unlike the clamping MOSFET but is connected to an electrode such as
the gate electrode lo     of an MOSFET for signal input.  This point must
be care- fully taken into account. The source electrode of the transmission
gate MOSFET is substantially coupled to the          point of the circuit
in an A.C. manner merely through a parasitic 15     element such as
parasitic capacitance. The source electrode of the transmission gate MOSFET
is applied with a potential higher than the earth 



potential of the circuit from the semiconductor substrate portion through
the source junction as well as through 20     the source junction
capacitance.  The potential of the source electrode, that is, the potential
of the source region, limits a forward current that would flow through the
source junction. Hence, when breakdown of the drain junction starts
occurring, even if a charging current with 25     respect to the parasitic
capacitance occurs due to the    negative resistance phenomenon, the
current is made sub- stantially zero within a relatively short period if
the capacitance is extremely small. )    If the period in which the
negative resistance pheno- 5       menon is induced is relatively short or
if the phenomenon does not substantially exist, the breakdown current of
the transmission gate MOSFET virtually consists of the surface breakdown
current. The following can be understood from the difference 10       in
the breakdown mechanism between the clamping MOSFET and the transmission
gate MOSFET. The current generated by the negative resistance phenomenon is
caused to flow through a relatively wide area of the drain junction area
and can virtually be .15      regarded as being a bulk current.  Such a
bulk current has a low local concentration. Due to the heating generated by
the bulk current, the gate insulating film of the clamp- ing MOSFET is
heated substantially uniformly over a rela- 



tively wide range.  Since the heat is diffused, the gate 20
insulating film is not locally heated. In contrast, the surface breakdown
current flows concentrated in the surface portion of the drain junction
immediately below the gate electrode. Consequently, the gate insulating
film of the transmission gate MOSFET is local- 25       ly heated by the
heating on the surface portion of the    drain junction.  In this case, the
gate insulating film is adversely affected by temperature, thermal stress,
or thermal impact               due to local heating. As a result, the gate
insulating film of the trans- 5       mission gate MOSFET is broken down,
although the gate insulating film of the clamping MOSFET is not broken
down. An abnormal surge voltage such as frictional static electricity is
virtually equivalent to a voltage gene- rated from a suitable capacitance
element.  Accordingly, 10       the drain voltage of the clamping MOSFET is
reduced as the breakdown current is allowed to flow. Incidentally, the
effective base width of the para- sitic bipolar lateral transistor formed
by the MOSFET corresponds to the channel length of the MOSFET.  Hence, 15
the breakdown voltage in the negative resistance region of a
short-channeled MOSFET becomes lower than that of an MOSFET whose channel
length is relatively longer. Accordingly, when the channel of the
transmission gate MOSFET is reduced in comparison with that of the 



3       clamping MOSFET, it is believed that the transmission gate MOSFET
is caused to temporarily exhibit the negative re- sistance operation before
the clamping MOSFET. In other words, if the transmission gate MOSFET is
short-channelled, it is believed that the transistor is pre-heated by a
charging current with respect to the aforementioned parasitic    -12-
capacitance before it is heated by the steady surface breakdown current.
It is thus believed that the gate in- sulating film of the transmission
gate MOSFET becomes especially easy to break down if it is
short-channelled. 5                  According to the present invention a
semiconductor integrated circuit device including: (a) an external terminal
to which an input signal is applied; (b) a first circuit node; 10
(c)  an insulated gate field effect transistor for transmitting the input
signal applied to said external terminal via a drain-source path thereof to
said first circuit node; and (d) a resistance element inserted between said
15       external terminal and said insulated gate field effect transistor;
whereby said resistance element has a resistance value so set that when an
abnormal surge voltage is applied to said external terminal, it reduces the
breakdown current flowing through a semiconductor junction 



20       of said insulated gate field effect transistor to a level lower
than the breakdown current level that causes break- down of the gate
insulating film of said insulated gate field effect transistor.    The
present invention will now be described in greater detail by way of
examples with reference to the accompanying drawings, wherein:-. Figure 1
is a circuit diagram of a preferred 5        form of semiconductor
integrated circuit device as applied to a dynamic RAM: Figure 2 is a
waveform diagram of the circuit shown in Figure 1; Figure 3 is a diagram
showing the layout of each 10       element forming the circuit shown in
Figure 1; Figure 4 is a sectional view taken along line A-A' of Figure 3;
and Figure 5 is a circuit diagram showing another embodiment of a
semiconductor integrated circuit device. 15                 Referring to
the circuit shown in Figure 1, the circuit elements inside the portion
encircled by the broken line are formed on one silicon chip by known MOS IC
techniques. External terminals represented by symbols P 20      to P  are
located on the IC.   Besides the circuit 5 elements forming each circuit
shown in the drawing, 



circuit elements are also formed on the silicon chip which form a memory
array consisting of plural memory    -14- cells such as 1 MOSFET/CELL, a
pre-amplifier circuit, a column switch circuit, a main amplifier, a data
output buffer circuit, a data input buffer circuit (not shown). A back bias
voltage generator 50 consisting of 5        MOSFETs is also located on the
silicon chip. The IC is finally fitted to a printed circuit board and when
a power source voltage is fed between the external terminals [err] and
[err] from a power source device, the IC becomes operative.   The back bias
voltage 10       generator 50 receives a positive power source voltage
[err] via the external terminal [err] and produces a back gate bias voltage
to be fed to the silicon chip. X- and Y-address signals A  - A6, each
having a 7-bit    -15- configuration, are multiplexed and applied to a
16K-bit dynamic RAM of an address multiplex system. An address input signal
Ai, which is one of the 7-bit address sig- nals, is applied to the external
.terminal [err]  One end 5      of a resistor [err] is connected to this
external terminal 



P .  A MOSFET Q  having the gate thereof connected to a [err]            1
reference potential terminal is interposed between the other end of the
resistor [err] and a reference potential (OV) terminal P5. The resistor
[err] and the MOSFET [err] 10      together form an input protective
circuit.  Since the gate of the MOSFET Q is connected to the reference
potential terminal to which the  potential of the circuit is supplied, the
drain junction of the MOSFET [err] has a relatively low surface breakdown
vol- 15      tage.  Accordingly, even when a surge voltage exceeding the
breakdown voltage of the gate insulating films is applied to the external
terminal [err] the drain voltage of the MOSFET [err] is limited to a value
below the break- down voltage. 20           Incidentally, the gate and
source of the MOSFET [err] may be connected to the silicon chip to which
the back gate bias voltage is to be supplied. According to this
arrangement, too, the MOSFET [err] undergoes breakdown at a predetermined
voltage because the silicon chip and the 25      earth line of the circuit
are kept at substantially the    - 16 - same potential during
transportation or handling of the IC. In other words, the input protective
circuit operates sufficiently. It is however preferred that the gate and
source of 



5.    the MOSFET [err] be connected to the earth point as shown in the
drawing for the following reason. Namely, in the circuit construction in
which the back gate bias voltage is supplied to the silicon chip, the back
gate bias voltage is held by capacitance such as parasitic 10
capacitance existing between the silicon chip and various nodes of the
circuit. Hence, the silicon chip is brought substantially under the
floating state in a D.C. manner. When the power source is turned on, a
positive potential is sometimes applied to the silicon chip via parasitic
capa- 15     citance present between the silicon chip and the power source'
wiring.  If the gate and source of the MOSFET    are con- nected to the
silicon chip, the MOSFET    would be turned on if the silicon chip is held
at a positive potential. As a result, an undesirable current would flow
through a signal 20     generation circuit (not shown) when turning on the
power source via the MOSFET [err], the resistor [err] and the external
terminal P3. In the circuit connection arrangement shown in Figure 1, the
gate and source of the MOSFET [err] are held at 25     earth potential of
the circuit even when the power source    is turned on so that the
abovementioned undesirable cu- rrent does not occur. One end of a resistor
R  is connected to the common junction between the resistor [err] and the
MOSFET Q  in 5     Figure 1.  The other end of the resistor R  is connected



to the drain E  of the transmission gate MOSFET Q2.  Though the electrode
[err] of the MOSFET Q2 functions either as the drain electrode or as the
source electrode in accordance with the rise of fall of the signal applied
to the external 10     terminal P3, the electrode will be called the
"drain" in the following for ease of description.  The transmission gate
MOSFET Q2 and another 03 connected in series with the former form a signal
transmission line.  A timing signal 01 is commonly applied to the gates of
these MOSFETs [err] and 15     [err] The address signal [err] supplied to
the external termi- nal [err] is then applied to an address buffer circuit
via these transmission gate MOSFETs [err] The level of the address signal
[err] is judged by the 20     address buffer circuit.  The address buffer
circuit gene- rates address signals ai and [err] of the non-inversion and
inversion levels that are adjusted to suitable levels in accordance with
the address signal [err] supplied via the MOSFETs [err] [err] respectively.
25          As shown in Figure 1, the address buffer circuit    - 18 -
consists of a MOSFET 4 and MOSFETs [err] Next, the construction and
operation of the address buffer circuit will be described. The address
signal [err] is applied to the gate of the 5       MOSFET [err] via the
transmission gate MOSFETs [err], Q  when 



the timing signal [err] is brought to the high level. Capacitance such as
gate capacitance (not shown) exists between the gate of the MOSFET Q4 and
the  earth point of the circuit.  Hence, the gate of the MOSFET Q4 holds 10
the address signal even when the transmission gate MOSFETs [err] [err] are
turned off as the timing signal [err] is changed to the low level. The
reference voltage Vref for level judgement is applied to the gate of the
MOSFET    via the transmission 15       gate MOSFETs [err] [err]  This
reference voltage [err] is so set as to be about 1/2 of the level of the
signal amplitude of the address signal Ai applied to the external terminal
P   that is to say, a voltage level which has a virtually [err]
intermediate value between the high level and low level 20       of the
address signal [err].  The parasitic capacitance, that can not be
neglected, is formed between the gate electrode and source electrode and
between the gate electrode and drain electrode of each of the transmission
gate MOSFETs [err] and [err]. Hence, an undesirable change in the potential
25       that can be regarded as noise is applied to the gate    - 19 -
electrode of the MOSFET Q4 in synchronism with the rise and fall of the
timing signal. The transmission gate MOSFETS [err] and [err] are arranged
in order to apply a poten- tial change to the gate of the MOSFET [err]
having substan- 



5       tially the same potential change that is applied to the gate of the
MOSFET Q4.  Since such a potential change is applied to the gate of the
MOSFET Q, the level of the address signal [err] can be judged suitably even
if the gate potential of the MOSFET Q4 is caused to change. 10
MOSFETs [err] and [err] are connected in parallel to the MOSFETS [err]and
[err], respectively.  The drains and gates of these MOSFETs [err] and [err]
are cross-connected in order to form a latch circuit. The drains of MOSFETs
[err]  and [err] as the load are 5 connected to the commonly connected
drains of the MOSFETS [err] and to the commonly connected drains of the
MOSFETs [err]respectively.  A timing signal [err] is supplied to the drains
of the MOSFETs       and The sources of MOSFETS [err] and        that are
subjected to the switching control by the timing signal [err]  are
connected to the gates of the MOSFETS [err] and [err] res- pectively.  A
MOSFET [err] s subjected to the switch- ing control by the timing signal
[err] is interposed between the commonly connected drains of the MOSFETs
Q14 Ql5 and the power source terminal Vcc   When the timing signal    -20-
is changed to the high level, therefore, pre-charge voltages are supplied
to the gates of the MOSFETs Q12 and Q13 via the MOSFETs [err]  and [err],
respectively. MOSFETs [err] and [err] are inserted between the gates 



5       of the MOSFETs [err] and the reference potential ter- minal,
respectively. A positive feedback signal is supp- lied to the gate of the
MOSFET Q12 because the gate of the MOSFET [err] is commonly connected to
that of the MOSFET Q8. Similarly, a positive feedback signal is supplied to
the 10       gate of the MOSFET      because the gate of the MOSFET Qll is
connected in common to that of the MOSFET Q Address buffer output signals
[err]and [err] of the non- inversion and inversion levels are generated
from the drains of the MOSFETs [err] and [err], respectively. 15
The address buffer output signals [err] and [err]  are app- lled to the
amplifier circuit 2.  The signals of the non- inversion and inversion
levels amplified by the amplifier circuit 2 are supplied to an address
decoder 3 via the trans- mission gate MOSFETs      and Q18 that are
subjected to the 20     switching control by the timing signal [err]
respectively, and on the other hand, they are directly supplied to an Y
address decoder 4. A MOSFET [err] as a power switch that is subjected to
the switching control by the timing signal is arranged in the Y address
decoder 4. 25            As described already, the X address signal and the
Y    - 21 - address signal are multiplexed and applied to the exter- nal
terminal P    When the X address signal is supplied to the external
terminal [err], the timing signals [err]and [err] are changed to the high
and low levels, respectively, in 



5       synchronism with the application of the X address signal, so that
the transmission gate MOSFETs [err]are turned on and the address signal is
supplied to the X address decoder. When the Y address signal is supplied to
the external 0       terminal [err], the transmission gate MOSFETs
and are turned off by the timing signals [err] and [err] while the power
switch MOSFET [err] is turned on. As a result, the Y address decoder is
brought under the operative state. The timing pulse generation circuit 1
shown in Figure 5       1 generates the timing signals [err] upon receiving
an X address (row address) selection signal RAS and a Y address (column
address) selection signal CAS via the external terminals [err] and [err]
respectively. The operation of the address buffer circuit will be described
by referring to the waveform chart of Figure 2. The address signal [err]
applied in synchronism with the X address selection signal RAS is
transmitted to the gate of the MOSFET [err] through the transmission gate
MOSFETs Q2 Q that are turned on as the timing signal [err] becomes high
level.    - 22 - The timing signal [err] is changed to low level after the
passage of a predetermined period from the time when the [err] address
selection signal RAS is changed to the low level.  The MOSFETs Q2 and Q3
are turned off as the timing 



5       signal [err]  is changed to low level-.  The address signal [err]
is held by the gate capacitance of the MOSFET Q4. Since the transmission
gate MOSFETs Q2 and Q3 are kept off, the address signal held by the gate of
the MOSFET [err] re- mains unchanged even if the address signal [err] is
changed. 10            During the period in which the timing signal [err]
is kept at the high level, the MOSFETs [err] and [err] are kept on. For
this reason, the gates of the MOSFETs Q12 and Q   are pre-charged via the
MOSFETs [err]and [err] The timing signal [err] is changed to the high level
15       after the passage of a predetermined delay time from the point
when the X address selection signal RAS is changed to the selection level
(low level>. If the address signal [err] supplied to the gate of the MOSFET
Q4 is in advance set to a higher level than 20       the reference voltage
V    supplied to the gate of the MOSFET [err] the conductance of the MOSFET
Q4 becomes grea- ter than that of the MOSFET [err] Hence, the gate poten-
tials of the MOSFETs [err] and [err] become higher than those of the
MOSFETs [err] and [err] in response to the rise of the 25       timing
signal [err] to the high level.  The MOSFETs [err] and    -23- [err] are so
controlled as to be turned on in accordance with the difference of the gate
potentials while the MOSFETs [err]  and [err]   are turned off.  When the
MOSFET [err] is turned on, the charge that is in advance applied to 



5       the gate capacitance of the MOSFET Q12 is discharged. Namely, the
MOSFET Q12 is turned off. Due to the abovementioned positive feedback
operation, the output signals ai and ai are rapidly changed to the low and
high levels, respectively. The output signals [err] and [err] are supplied
to the X address decoder circuit 3 via the amplifier circuit 2 and the
transmission gate MOSFETs  [err] and [err]  Thereafter, the timing signal
[err] is again changed to high level. The input operation of the Y address
signal [err] is 5       started when the Y address selection signal CAS is
changed to the selection level (low level). Namely, the address signal Ai
which is applied in synchronism with the Y address selection signal CAS is
likewise taken into the Y address decoder circuit 4. In accordance with
this embodiment, since the address signal [err] is supplied to and held by
the gate capacitance of the input MOSFET Q4 via the MOSFETs Q2 and Q3, it
is possible to feed an address signal to be next supplied to the external
terminal P even before the operation of the 3 address buffer circuit is not
yet finished. As a result,    - 24 - the speed of the circuit operation can
be increased. In the circuit shown in Figure 1, two series-connected
MOSFETs [err] and [err] are used.  These MOSFETs    and Q 



operate in such a manner as to prevent the high level sig- 5       nal held
by the gate capacitance of the MOSFET Q4 from being extinguished by
under-shoot of the add- ress signal applied to the external terminal P
Namely, in the case in which only one MOSFET is employed, if the external
terminal P is brought to the negative potential 3 10       due to
under-shoot of the address signal [err] the drain electrode (which
functions as the source electrode in this case) of the transmission gate
MOSFET is also changed to the negative potential in response thereto.
Hence, the transmission gate MOSFET is turned on in spite of the 15
state that its gate electrode is kept at the low level substantially equal
to earth potential by the timing signal [err] As a result, the charge held
by the gate of the input MOSFET Q4 is discharged through the transmission
gate MOSFET. 20            In the abovementioned embodiment which uses the
two transmission gate MOSFETs    and Q   even if under-shoot occurs in the
address signal Ai applied to the external terminal [err], the MOSFET Q  is
turned on only after the high level potential held by the parasitic
capacitance (not 25       shown) of the common junction between the MOSFETs
Q2 and    -25- is discharged through the MOSFET Q2. Hence, it is possible
to prevent the high level address signal held by 



the gate capacitance of the MOSFETQ4 from being extin- guished. 5
Since the transmission gate MOSFETs [err] and [err] form the signal
transmission line, they are constructed in the short channel arrangement
and their size is relatively reduced in order to increase the signal
transmission speed. In other words, the parasitic capacitance in the signal
10       transmission line is reduced.  The speed of rise and fall of the
timing signal [err] can also be increased by reducing the gate capacitance
of the transmission gate MOSFETs. Furthermore, these MOSFETs are formed in
the short channel arrangement so as to exhibit a relatively low
on-resistance 15      characteristic when the size is reduced as described
above. The transmission gate MOSFET Q2 of this type can not be protected
from the surge voltage, that is unavoidably applied to the external
terminal [err], only by a circuit formed by removing the resistor R2 from
the input protec- tive circuit shown in Figure 1, that is, a circuit
consist- ing of the resistor [err] and the diode-connected MOSFET [err]
Namely, as the MOSFET [err] is short-channeled, the breakdown voltage
between its drain and source is relatively lowered. When the surge voltage
is applied to the drain of the MOSFET [err] its gate potential is changed
via the parasitic    -26- capacitance. The breakdown of the transmission
gate MOSFET is effected in the abovementioned mechanism. 



Accordingly, the current density becomes locally great at the breakdown
portion of the transmission gate MOSFET 5       [err] and there is an
extremely high possibility that the gate insulating film of the transistor
will be thermally destroyed. By contrast, since the MOSFET [err] is not in
the transmission line, its size, such as its channel length (gate length)
can be increased so that the transistor has 10       a relatively high
drain-to-source breakdown voltage, and its breakdown mechanism is different
from that of the transmission gate MOSFET Q2.  Accordingly, even if the
clamp MOSFET [err] is broken down by an abnormally high vol- tage
accidentally applied to the external terminal P3, its 15       gate
insulating film is not thermally destroyed because the current density is
reduced. In this embodiment, the resistor R2 is inserted bet- ween the
drain of the clamp MOSFET [err] and that of the transmission gate MOSFET
[err]  Since the resistor  2is 20      inserted, the level of the high
voltage that is acciden- tally applied to the drain of the transmission
gate MOSFET is reduced so that surface breakdown on the interface of the
gate portion of the transmission gate MOSFET Q2 and the substrate becomes
difficult. Even when breakdown 25       occurs in the transmission gate
MOSFET Q2, the breakdown    -27- current is restricted by the resistor
[err]   Thus, the break- down of the gate insulating film of the
transmission gate 



MOSFET Q  can be prevented by these double protecting actions. 5
In an IC, if a MOSFET connected to any one of a plu- rality of external
terminals for receiving the signal input is broken down, the IC as a whole
can no longer be used. To eliminate this problem, an input protective
circuit containing the abovementioned resistor R2 is 10      connected to
each of the transmission gate MOSFETs con- nected to the plural external
terminals for receiving the signal input.  Similarly, an input protective
circuit con- sisting of the resistor [err] and the MOSFET Q is connected to
each of the signal input MOSFETs which have the signals 15      supplied to
the external terminals directly applied to their gates without passing
through the transmission gate MOSFETs. Figure 3 shows the layout pattern of
each of the resis- tors Rl' R2 and MOSFETs [err] to[err] forming the
circuit 20      shown in Figure l.  In the drawing, an electroconductive
poly- silicon layer, an n semiconductor region and a vacuum depo- sition
aluminium layer are represented by solid pattern, broken line pattern and
two-dot chain line pattern, respectively. Figure 4 shows the section of the
semiconductor sub- 25      strate corresponding to the portion along line A
- A' of    - 28 - Figure 3.  The semiconductor substrate 20 has a resisti-
vity of approximately 10 Ohm-cm, 



and is formed by a p-type single crystal silicon arranged so that the main
surface 5       is parallel to the (100) plane.  A relatively thick field
oxide film 2 having a thickness of about 0.8  m, for example, is formed by
a known selective oxidation technique on the main surface of the
semiconductor substrate 20 at portions other than those at which active
regions such as 10       the source and drain regions of the MOSFETs, the
channel- forming regions, the semiconductor wiring regions and the
semiconductor resistor regions are to be formed. A rela- 0 tively thin
silicon oxide film 22 about 500A thick, for example, to be used as the gate
insulating film of the 15       MOSFET is formed on the main surface of the
semiconductor substrate 20 at the portions which are to serve as the ac- 0
tive regions. Poly-silicon layers 8, 10 about 3500A thick are formed on the
surfaces of the oxide film 22 and field oxide film 21.  [err] semiconductor
regions 6', 7, 11, 12 and 20       13, each having a thickness of about 0.4
m, are formed on the main surface of the semiconductor substrate 20 by the
known self-alignment technique using the poly-silicon layers 8, 10 and the
field oxide film 21 as the impurity implantation masks.  Arsenic ions at an
energy of 80KeV, 25       for example, are implanted into the main surface
of the    -29- 



semiconductor substrate 20 to an impurity concentration of [err] by known
ion implantation techniques in order to form an n semiconductor region, and
the semi- conductor substrate 20 is then annealed at a temperature 0 5
of [err].  An about 6000A  thick insulating film 23 con- sisting of
phosphosilicate glass is formed on the sur- faces of the field oxide film
21 and the polysilicon la- yers 7, 7'. About 8000A-thick vacuum deposition
aluminiumm layers 9, 16 are formed on the surface of the insulating 10
film 23. In Figure 3, the aluminium layer 5 formed on the field oxide film
21 via the insulating film 23 is used as a bonding pad.  This bonding pad
is connected to leads (not shown) of the IC via contact wires made of gold
15        The aluminium layer 5 is brought into non-rectifying contact with
one end of the [err] semiconductor region 6 at a contact portion [err]
consisting of a through-hole formed by the insulating film 23 and the oxide
film 22 below the insulating film 23. 20           The [err] semiconductor
region 6 is shaped in an elon- gated pattern so as to form the resistance
element R1. The other end of the n  semiconductor region 6 is connected to
the n semiconductor region 6' which is to serve as the drain region of the
clamp MOSFET [err] 25           The source region of the clamp MOSFET    is
formed    



-30- by an [err] semiconductor region 7 opposing the [err] semicon- ductor
region 6'.  On the surface of the semiconductor substrate 20 between these
[err] semiconductor regions 6' and 7 is formed a gate electrode consisting
of an elect- 5       rically conductive polysilicon layer 8, via the oxide
film 22. The [err] semiconductor region 7 as the source region and the
electroconductive polysilicon layer 8 as the gate electrode are connected
to the aluminium wiring layer 16 10       via contact portions [err] and
[err], respectively.  The alu- minium wiring layer 16 is interconnected to
the bonding pad (not shown) to which earth potential of the cir- cuit is
applied. In Figure 3, the electroconductive polysilicon layer 15       10
virtually forms a resistance element. the other end of the [err] semicon-
ductor region 6 as the resistor [err] and one end of the electroconductive
polysilicon layer 10 as the resistor R2 are connected to each other via the
aluminium layer. 20            The other end of the electroconductive
polysilicon layer 10 is connected to an [err] semiconductor region 11 at a
contact portion C6, the semiconductor region 11 forming the drain region of
the transmission gate MOSFET [err] An n semiconductor region 12 forms the
source re- 25       gion and drain region of the transmission gate MOSFETs
Q2 and    



-31- Q3  respectively, while an n semiconductor region 13 forms the source
region of the transmission gate MOSFET [err] The electroconductive
polysilicon.layer 14 forms the gate electrodes of the MOSFETs [err] and Q3
and is con- 5       nected to the aluminium layer 15, -to which the timing
signal [err] is applied, at a contact portion [err] The semiconductor
region 13 as the source region of the MOSFET [err] is connected to the gate
of the MOSFET Q4 via an aluminium layer (not shown). 10            The n+
semiconductor region 6 has a relatively large resistance in order to
relatively restrict the peak value of a voltage that is inevitably applied
to the MOSFET [err] when the abnormal surge voltage is applied to the
exter- nal terminal P (see Figure 1) and to restrict the break- 3 15
down current flowing through the clamp MOSFET [err]  The n semiconductor
region 6 has.a relatively large parasitic capacitance between it and the
semiconductor substrate 20 in order to reduce the peak value of the surge
voltage applied to the clamping MOSFET [err] 0           The n
semiconductor region 6 has a length of about 100 m, and a width [err] of
about 5 The di- ffusion depth is about 0.4 m, as described already. Hence,
the [err] semiconductor region 6 has resistance of about 700 Ohms and
parasitic capacitance of 0.1 to 0.2pF.   



32 - The clamping MOSFET [err] has a relatively large size in order to
prevent thermal breakdown of the gate insulat- ing film by reducing the
breakdown current density flowing therethrough. The channel length L4 of
this transistor [err] 5      is about 8 [err] while its channel width L  is
about 40[err], 3 for example. The electroconductive polysilicon layer 10
reduces the level of the current that is inevitably applied to the
transmission gate MOSFET Q2 when the abnormal surge voltage 10      is
impressed upon the external terminal P  (see Figure 1). 3 The
electroconductive polysilicon layer 10 has resistance of about 500 Ohms. In
order to increase the signal transmission speed, the transmission gate
MOSFET Q2 and Q3 have a relatively 15      small size.  These transistors
[err] have a channel length L of about 3.5, am and a channel width [err] of
about 15 um, for example. Thus, the size of the transmission gate MOSFETs
[err] [err] is substantially smaller when compared with that of the pro- 20
tective MOSFET [err]`  If the same breakdown current is assumed to flow
through the transmission gate MOSFET    and the clamping MOSFET [err] the
current density of the former is extremely greater than that of the latter.
In this case, thermal breakdown of the gate insulating film of the trans-
25      mission gate MOSFET Q2 is likely to occur. 



33 The MOSFET [err] as the protective element to perform the clamping
action in this embodiment has substantially the same surface breakdown
voltage as that of the trans- mission gate MOSFETs as it is formed
simultaneously with 5       the latter.  When the gate voltage is 0 volts,
the drains of the clamping MOSFET [err] and the transmission gate MOSFET Q2
have a surface breakdown voltage of about 20V, respec- tively. The
breakdown voltage of the pn junction which does not involve the surface
breakdown such as the pn 10       junction between the semiconductor region
and the semi- conductor substrate is from 37 to 40V. 0 The 500A gate oxide
film has an electrostatic break- down withstand voltage of 30 to 40V Since
the transmission gate MOSFET is short-channelled, 15       it has only a
relatively low drain-source breakdown voltage. Namely, when the
semiconductor substrate having the above- mentioned resistivity is used,
the drain-source breakdown voltage of the transmission gate MOSFET having a
[err] channel length is about llV. This breakdown voltage value is the
minimum breakdown voltage of the MOSFET, that is, the minimum value of the
breakdown voltages measured from the negative resistance curve of the
MOSFET. The drain- source breakdown voltage of the clamping MOSFET having
an 8 [err]-channel length is about 16V. 



nce the resistor    - 34 - R2 is inserted, the breakdown current of the
transmission gate MOSFET [err] is limited so that the breakdown of the gate
insulating film of this transistor    can be pre- vented. As 5
As shown in Figure 3, since the resistance element R2 is formed by the
polysi- licon layer deposited on the field oxide film 21, it has only a
relatively small parasitic capacitance between it and the semiconductor
substrate 20. Hence, the resistance 10       element R2 does not virtually
limit the signal change speed of the signal supplied to the transmission
gate MOSFET Q2 In the second embodiment a backward diode [err] is 15     -
n  place of the clamping MOSFET [err] of the foregoing embodiment. The
breakdown voltage of this diode [err] is so set as to be lower than that
(about 20V) of the transmi- ssion gate MOSFET    but higher than the signal
amplitude (about 5V) of the address signal A. 20            According to
this arrangement, the transmission gate MOSFET Q2 does not undergo
breakdown even when an abnor- mally high voltage is applied to the external
terminal. Hence, breakdown of the MOSFET [err] can be reliably prevented.
In this embodiment, a forward diode D2 is interposed 



25       between the other end of the resistor [err] and the junction    35
of resistors R and R4 that divide the power source vol- tage V   and have
relatively high resistance values, res- cc pectively. The voltage-division
output by these resistors [err], [err] is set near the power source voltage
[err] 5            When the power source voltage V   is supplied, the diode
D2 is reversely biased by the voltage-division out- put voltage from the
high resistors [err] .  The diode D2 is also biased reversely by the input
signal [err].  Hence, the diodes [err] and [err] do not affect the
transmission of 10       the ordinary input signal [err] at all. On the
other hand, when the power source voltage [err] is not applied, the
clamping operation is effected via the route of the diode D  and the
resistor [err] if a high voltage due to static electricity is applied.
Accordingly, 15       as the diode [err] is turned on together with the
diode D the high voltage due to static electricity can be greatly
restricted. the transmission gate MOSFET. may be the only one.  In Figures
3, since the surge voltage is limited to below the breakdown voltage of the
gate insulating film by the clamping MOSFET [err] the resistor  is
preferably so constructed as not to limit the change speed of the signal.
Namely, it is pre- 



ferred that the resistor [err] is so constructed as to reduce    - 36 - the
parasitic capacitance between it and the semiconductor substrate in the
same way as the aforementioned polysilicon layer.  If necessary, however,
the resistor [err] may be formed by a semiconductor resistor layer such as
a diffusion re- 5      sistor. Preferably, the resistor R  is constructed
by a semi- conductor resistor region having a large parasitic capaci- tance
in order to sufficiently restrict the peak value of the surge voltage
applied to the MOSFET [err].  If necessary, 10      however, it may be
formed on the field oxide film in the same way as the resistor [err]. In
such a case, an advantage can be obtained in that the withstand voltage
between the resistor [err] and the semiconductor substrate can be increased
to a marked extent. 15           The protective element such as the MOSFET
Q  shown in Figures 1 and 3 may have a channel length which is equal to, or
shorter than, the channel length of the transmission gate MOSFET. In such a
case, if an abnormal surge voltage is applied to the external terminal, the
level of the surge 20     voltage which is applied to the transmission gate
MOSFET is limited to a relatively low value. For this reason, the
resistance of the resistance element [err] which is connected in series
with the transmission gate MOSFET Q2 to limit the breakdown current, can be
reduced. 



25           The polysilicon layer 10 shown in Figure 3 may be    37 -
connected to the drain region 11 of the MOSFET    via a conductor layer
such as a vacuum deposition aluminium layer. The polysilicon layer 10 may
also be connected directly to the drain region 6' of the MOSFET [err]
without 5      passing through the vacuum deposition aluminium layer 9.
When the protective circuit consisting of the re- sistor [err] and the
clamping MOSFET [err] is used as in the fore- going embodiments, the
resistor R for restricting the breakdown current can be limited to a
relatively small value. 10      As a result, the drop of the signal change
speed due to the resistor [err] under the operating state of the IC can be
made relatively small. However, when the resistance of the resistor [err]
can be made relatively large, the protective circuit consisting 15      of
the resistor R  and the clamping MOSFET [err]is not always necessary. In
such a case, when the abnormal surge voltage is applied to the external
terminal [err], the voltage applied to the drain of the transmission gate
MOSFET Q2 is limited by the surface breakdown voltage. 20           The
present invention can be widely used in a semi- conductor integrated
circuit deviceshaving the aforemen- tioned so-called "drain input" system.



-38- CLAIMS. 1.        A semiconductor integrated circuit device including:
(a) an external terminal to which an input signal is applied; (b)  a first
circuit node; (c) an insulated gate field effect transistor :for
transmitting the input signal applied to said external terminal via a
drain-source path thereof to said first circuit node; and (d) a resistance
element inserted between said external terminal and said insulated gate
field effect transistor; whereby said resistance element has a resistance
value so set that when an abnormal surge voltage is applied to said
external terminal, it reduces the breakdown current flowing through a
semiconductor junction of said insulated gate field effect transistor to a
level lower than the breakdown current level that causes breakdown of the
gate insulating film of said insulated gate field effect transistor. 2.
A semiconductor integrated circuit device according to Claim 1, wherein
said first circuit node consists of the gate electrode of an insulated gate
field effect transistor for signal input. * C    L    M   S  *   



- 39- 3.        A semiconductor integrated circuit device according to
Claim 1, additionally including: (e) a second circuit node; and (f) a
protective circuit so connected between said first circuit node and said
external terminal as to transmit the input signal.supplied to said external
terminal to said first circuit node, and so operating as to restrict a
maximum level of a voltage applied to said first circuit node to a level
lower than a breakdown withstand voltage of a gate insulating film. 4.
A semiconductor integrated circuit device according to Claim 3, wherein
said second circuit node consists of the gate electrode of an insulated
gate field effect transistor for signal input. 5.        A semiconductor
integrated circuit device according to Claim 3, wherein said protective
circuit consists of a second resistance element inserted between said
external terminal and said first circuit node and a protective element
substantially connected between said first circuit node and a reference
potential point of said circuit and having a breakdown voltage of a value
lower than the breakdown voltage of the gate insulating film of said first
insulated gate field effect transistor.    - 40 - 



6.        A semiconductor integrated circuit device according to Claim 5,
wherein said first resistance element consists of a resistor layer formed,
via an insulating film, on a semiconductor substrate having formed on the
surface thereof the drain and source regions of said first insulated gate
field effect transistor, and said second resistance element consists of a
semiconductor region forming a p-n Junction between it and said
semiconductor substrate. 7.        A semiconductor integrated circuit
device according to Claim 6 wherein the gate electrode of said first
insulated gate field effect transistor as well as said first resistance
element are formed by a polysilicon layer. 8.        A semiconductor
integrated circuit device according to Claim 5, wherein said protective
element consists of a second insulated gate field effect transistor having
the drain thereof connected to said first circuit node and the source
thereof connected to said reference potential point. 9.        A
semiconductor integrated circuit device according to Claim 8, wherein said
first insulated gate field effect transistor has a size smaller than that
of said second insulated gate field effect transistor.    10.       A
semiconductor integrated circuit device according to Claim 8, wherein said
first insulated gate field effect transistor has a channel length shorter
than 



that of said second gate insulated field effect transistor. 11.       A
semiconductor integrated circuit device according to any one of the
preceding Claims 3 to 10, wherein said device includes plural external
terminals to which an input signal is supplied and plural insulated gate
field effect transistors transmitting said input signal applied to each of
said plural external terminals through the drain-source path thereof, the
input signal being applied to each of said plural insulated gate field
effect transistors via the protective circuit for limiting a voltage level
below a predetermined level and the resistance element. 12.       A
semiconductor integrated circuit device constructed and arranged to operate
substantially as herein described with reference to and as illustrated in
the accompanying drawings. The text of the specification has been
reproduced by photocopying the applicants original typescipt. It may
contain a few amendments which are difficult to read. The original
typescript containing these amendments may be inspected on the premises of
the Patent Office    




