s SIMP cofY
"JNTERFACE CIRCU T FOR USE I N A SEM CONDUCTOR | NTEGRATED ClI RCUI T"
Background of the Invention This invention relates to a MOS sem co ductor 5
integrated citcuit and nore specifically to a interface circuit for an

i nput circuit, an output circuit, or an input/output circuit, which

provi des protection agai nst ESD. A MOS -sem conductor integrated circuit is
provi ded 10 wWth a protection circuit for the purpose of protecting the
gate oxide of a MOS transistor from breakdown (ESD: El ectrostatic
Destruction) based on a surge voltage applied to an external termnal. FIG
1 shows an exanpl e of anirﬁ%ﬁE %%E§%§§§E§§#E§§?§§$¢§gé§i&uch:is nor mal | y
used. An input term nal 82T Ié ' i ed/circuit is
connected by a protection circuit 82 to an input circuit 83./The input

circuit 83.includes a MOS trag&a&ggo Aa_'(;l'get!g( Oﬂﬁ%ﬁ}% Igirr uit 82 is

conposed of a P-channel MOS 2 eferred to as a

PNDS) 85 the source- digdd) fffdh ool ics GNP G DGhIEATCEOPP! Y

voltage Vcc and the input termnal 81, an N- chann MOS traqnsi stor

(hereinaf ter refig{tefrdtedc HFeNMOAnBGdFe SECEIHBIP taitdx of which is

connect ed

interface circuit for an input circuit, an output
circuit, or an input/output circuit( which provides
protection against ESD.
A MOS semiconductor integrated circuit is provided'

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

FIG. 1 shows an example of an'input protection

15  circuit which is normally used. An input terminal 81
of a MOS semiconductor integrated circuit is connecteé
by a protection circuit 82 to an input circuit 83. The
input circuit 83 includes a MOS transistor 84. The
protection circuit 82 is composed of a P-channel MOS

20 ;transistor (hereinafter referred to as a PMOS) 85 the
source-drain path of which is connected between a
supply voltage Vcc and the input terminal 81, an N-
channel MOS transistor (hereinafter referred to as an
NMOS) 86 the source-drain path of which is connected

25 betﬁeen a reference supply voltage Vss and the input
terminal 81, and a resistor 87 connected between the

input terminal 81 and the input circuit 83. Normally



\'.

25, -between a reference supply voltage Vss and the input termnal 81,
and a resistor 87 connected between the input termnal 81 and the i nput

circuit 83.. Nornally -2- the back gate of a PMOS is connected to its
source, i.e., the supply voltage Vcc, while the back gate of an NMOS is
connected to its source, i.e., the referenge supply voltage Vss. 5

In the circuit thus arranged, when a surge voltage of positive polarity
whi ch is nmuch higher than normal signal voltages is applied to the input
termnal 81, it is passed to the supply voltage Vcc side through a
parasitic PN di otkethackigapecofna BUOBeta coenected L0 its aodrbegk gate
of the PMOS 85, protecting the_gate_oxide of the MOS transistor 84 in the
i nput circuit 83-f®om BRRaRWBREY VethagenVeee whhdte bhedbagksgage ofl ange

of negative pol gt which is |ower than OV (the reference supply voltage
Vss),gi.e., theqhﬁgglkﬁe?°ﬁFeﬁB?a§ ©15ts sourgfal ivet 1 abBe, reEerppreed, it

is passed to the i gugh_a parasitic PN junction present between
the drain and b§?¥§§5§é9§+£$é%ugﬁﬁs 86, protecting the

5 In the circuit thus arranged, when a surge voltage
of positive polarity which is much higher than normal
signal voltages is applied to the input terminal 81, it
is passed to the supply voltage Vcc side through a
parasitic PN diode that is present between the drain

10 and back gate of the PMOS 85, protecting the gate oxide

| of the MOS transistor 84 in the input circuit 83 from

breakdown. When, on the other hand, a surge voltage of
negative polarity which is lower than 0V (the reference
supply voltage_Vss), i.e., the low'level of normal

15 signal voltages, is applied, it is passed to the Vss
side through a parasitic PN junction present between .
the drain and back gate of the NMOS 86, protecting the
gate oxide of the MOS transistor 84 from breakdown.
Note that the resistor 87 in the protection circuit 82

20 is provided to form a CR type of lowpass filter with
the gate capacitance of the MOS transistor 84 and so
prevent a surge voltage from being applied to the gate
of the MOS transistor 84 in the input circuit 83
immediately after application of the surge voltage to

25 the input terminal 81.

FIG. 2 shows another example of an input

protection circuit. In this example, an NMOS 88 is



gate oxide of the MOS transistor 84 from breakdown. Note that the resistor
87 in the protection circuit 82 20 Is provided to forma CR type of

| owpass filter with the gate capacitance of the MOS transistor 84 and so

- prevent a surge voltage from being applied to the gate of the MOS
transistor 84 in the input circuit 83 ignegiagely after application of the
surge voltage to 25 the input termnal "81. FIG 2 shows another exanple
of an input protection circuit. In this exanple, an NMOS 88 is -3- used
in place of the PMOS 85 in the protection circuit 82 of FIG 1. In this
case, a positiveysddOenVpliadgeofPehéetmds B5eihnNBHE bebtbBRioRlcischdssed
to the Vcc side by the transistor operation of an NPN parasitic 5

bi pol ar transistgz eéfnpteucied fhodhibecasy|ce, pdsativangubgekvegatagel the
NMOS 88. For a negative surge voltage the protection circuit 82 operates

I n the sane mannepphted htoptbéeitpoh ternminaloB8lFi& pass¥dt hot hheadeance of

fine pattern processing 10 techni ques for sem conductor devices, on the
ot her side by the transistor operation of an NPN parasitic
5 bipolar transistor constructed from the source, drain

and back gate of the NMOS 88. For a negative surge
voltage the protection circuit 82 6perates in the same
manner as the protection circuit of FIG. 1.
With the advance of fine pattern processing

10 techniques for semiconductor devices, on the other
hand, the withstand voltages of MOS transistors have
lowered. With the lowéring of the withstand voltages,
processes applied to devices adapted to 3.3V power
supply.system have appeared in addition to processes

15 for devices based on 5V power supply system. No
voltage for the 5V power supply system can be applied
between the gate and the drain and between the gate and
the source of devices manufactured by processes for the
3.3V power supply system. If, therefore, devices for

20 5V power supply system and devices for 3.3V power |
supply system are used in combination, then an interface
circuit will be needed which permits signal transmission
between a circuit for 5V supply system and a circuit
for 3.3V supply system.

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

adapted to 3.3V supply system and permits a signal



hgnd, {he withstand voltages of MOS transistors have |owered. Wth the

| owering of the withstand voltages, processes applied to devices adapted to
3.3V power supply system have appeared in addition to processes 15 for
devi ces based on 5V power supply system No voltage for the 5V power
supply system can be applied between the gate_and the drain and between the
gate and the source of devices manufactured by pr.ocesses for the 3.3V power
‘supply system |f, therefore, devices for 20 ~ 5V power supply system and
devices for 3.3V power supply systemare used in conbination, then an

interface circuiddaptéd beo nsedesoply CllyPesi £6 5é 08tetddNSMPRSE 0N bet ween
a circuit for 5V supply systemand a circuit for 3.3V supply system 25

FIG 3 shows an ¢impmitiisudesdaibedtonfame Titosi8X whighemoes copstigct ed
by the use of a process adapted to 3.3V supply systemand pernits a signal
-4- adapted to RAMupHtly @y5tem tRevicehtbydd. Thigong) cettals PEGcribpd in
"An 11-ns 8K x 18 CMOS Static RAMw th 0.5 [err] mDevice" by D. T. Wng,
et al, FIG 15,6 IEEE J. Solid-state circuits, vol. 23, No. 5, October
5 1988. A signal adapted to 5V supply system applied to
an input terminal 91 is applied to the common gates of
a PMOS 93 and an NMOS 94 via the source-to-drain
current path of an NMOS 92. The gate of the NMOS 92 is
connected to the supply voltage Vcc of 3.3V system.
10 Between the supply voltage Vcc and the source of the
PMOS 93 is connected the source-to-drain current path
of a PMOS 95 having its gate connected to the input
terminal 91. The drains of the PMOS 93 and the NMOS 94
are connected together. A signal at their common
15 drains is sent to the inside of an integrated circuit.
The source of the NMOS 94 is connected to the reference
supply voltage Vss.
In this circuit, since the gate'of the NMOS 92 is
- supplied with the supply voltage Vcc (3.3V), even if a
20 5V signal is applied to input terminal 91, the voltage
at node a which is connected to the common gates of
PMOS 93 and NMOS 94 and corresponds to the source.or
drain of NMOS 92 will not go higher than (VcéJ; vtn)
where Vtn represents ihe threshold voltage of NMOS 92.
25 Thus, the 5V signal is not applied between the gate and

source and between the gate and drain of NMOS 92. Such

is the case with each of PMOS 93 and NMOS 94.



| REE J: Solid-state circuits, vol. 23, No. 5, Cctober 5 1988. A signal
adaptea to 5V supply systemapplied to an input termnal 91 is applied to

t he conmon gates of a PMOS 93 and an NMOS 94 via the source-to-drain-
current path of an NMOS 92. The gate of the NMOS 92 is connected to the
supply voltage Vcc of 3.3V system 10 _ Between the supply voltage Vcc
and the source of the PMOS 93 is connected the source-to-drain current pat h
of a PMOS 95 having its gate connected to the input termnal 91. The drains
of the PMOS 93 and the NMOS 94 are connected together. A signal at their
common 15 dr Zhegeifsregntate-bltdendiréakdbwan neveegbatadsCiinhCcaill. ofhe
source of the NMOS 94 is connected to the reference supply voltage Vss. In
this circuit, siMO8§ thengistows.t h¥okMOBha2 PMOSUPS| ithe watke ifewhiedl y
vol t age Vcc (3 3V), even if a 20 5V signal is applied to input termna
91, the voltage &% freunegtadi ¢h ispuvbnhterminailo 9lhdscprovidedt e as RWOS 93
and NMOS 94 and corresponds to the source or drain of NMOS 92 will not go
hi gher than (VccPTeVeR %EF-GhVFHrPBHPE§BﬁF§ntthérpﬁlr EdrviLagy betwgenoVorvos

92. 25 Thus, _tQhe.5V S not p i ed between the gate and source
and bet weer tﬁe 38? VﬁﬁdgﬁgﬁFﬁag ZevgﬂEht 8ty £or,SEmMGi FR2E90N of

PMS 93 and NNCStﬁé'voltage at node a becomes the intermediate level
‘and PMOS 93 and NMOS 94 thus turn ON simultaneously.
That is, it is when an input signal is at 5V that PMOS
93 must be turned OFF and, at this point, PMOS 95 is
10 turned OFF, preventing such a through current from
occurring.
FIG. 4 shows an input circuit which is different
from the input circuit of FIG. 3. 1In this circuit,
PMOS 95 that the circuit of FIG. 3 has is removed, but
15 its basic operation remains unchanged from FIG. 3.
FIG. 5 shows an output circuit constructed by the
use of a process for 3.3V supply system, which is
described in "A 3.3V ASIC for Mixed Voltage Application
with Shut Down Mode" by M. Ueda, et al., FIG. 1, IEEE
20 1993 ciIcc, 25.5.1; This circuit is arranged to output
a signal INPUT based on 3.3V supply system from an
output terminal 101 on the basis of an output enable
signal ENABLE. When a signal at a high level is output
from the output terminal 101, a PMOS 102 in the output
25 stage is turned ON on the basis of signals INPUT and
ENABLE. To output a low-level signal, on the other

hand, an NMOS 103 in the output stage is turned ON. 1In



-9- Therefore, gate-oxide breakdown never occurs in all of MOS transistors.
Note that PMOS 95 the gate of which is connected to input termnal 91 is
provided so as to prevent a high through-current fromflow ng between Vcc 5
and Vss termnals in the event that, for sone reason, the voltage at node a
becomes the intermediate |evel and PMXS_93gand NMOS 94 thus turn ON
simul taneously. That is, it is when an input signal i-s at 5V that PMOS 93
nmust be turned OFF and, at this point, PGS 95 is 10 turned OFF,
preventing such a through current fromoccurring. FIG 4 shows an input
circuit which isoddéfretenpreventt gatierpxtidel beeakdetmFeGen3whieh Ehisy-
circuit, PMOS 95 that the circuit of FIG 3 has is renpved, but 15 its
basi c operation FEFRLYssysteangégnhdodsFeEpliedriG. ohtphtwteamimallpuiol ,
circuit constructed by the use of a process for 3.3V supply system which
i s described in the3s3yrag-tordraimysyrventagethppfi ent NYOSWLOM sra#] ~Down
" da, et al., FIG 1, |IEEE 20 1993 CI CC, 25.5.1. S
g??guigyi!layfanﬁganﬁstsgtgﬁﬁween output terminal 101 and the drain of
5 NMOS 103. That essential part of the output ciicuit of
FIG. 5 which is adapted to set output terminal 101 to
the low level is indicated in FIG. 6.
In the circuit of FIG. 6, when a voltage of 5V is
applied to output terminal 101 in the disable state
10 where the signal ENABLE is set high, the voltage at
node b connected to the drain of NMOS 103 and the
source or drain of NMOS 104 will not go higher than
(Vec - Vin) where Vtn represents the threshold voltage
of NMOS 104 because a supply voltage Vcc of 3.3V is
15 applied to the gate of NMOS 104. Thus, a voltage of 5V
is not applied between the gate and drain of NMOS 103,
preventing gate-oxide breakdown.
In the interface circuits of FIGS. 3, 4 and 5 as
well, there is a need for some protection circuit
20 against ESD. However, such abproaches as shown in
FIGS. 1 and 2 cannot be used. The reason will be
described below.
FIG. 7 shows the combined use of the input circuit
of FIG. 3 and thelprotection circuit of FIG. 1, while
25 FIG. 8 shows the combined use of the input circuit of
FIG. 3 and the protection circuit of FIG. 2. 1In

FIGS. 7 and B8, like reference numerals are used to



a; signal INPUT based on 3.3V supply systemfroman output term nal 101 on -
the basis of an output enable signal ENABLE. Wen a signal at a high |evel
is output fromthe output termnal 101, a PMOS 102 in the output 25
stage is turned ON on the basis of signals |INPUT and ENABLE. To output a
| ow- | evel signal, on the other hand, an. NMOS_.103 in the output stage is
turned ON. In -6- order to prevent gate-oxide breakdown even when a 5V-
supply systemsignal is applied to output terminal 101, the source-to-drain
current path of an NMOS 104 is connected between output term nal 101 and
the drain of 5 dendidOSdf¥®espolithinge gmamttds do pdrdseofint IRIGUtI End itheit of
FIG 5 which is adapted to set output termnal 101 to the low level is
i ndi cated i n Fl @es@rijptione i ramiittest. FIG 6, when a voltage of 5V is
applied to output termnal 101 in the disable state 10 wher e the signal
ENABLE i s set high, tHenolimyddercirsdlt ebfiféet do o iHEagaigf otV NS
103 and the source .qr drain of NMOS 104 .wi 1| I]S;[ 0 hi q_'e,r tﬁ?n (Vee - Vvin)
v e ic diode

where Vin repr eSERIEaHEQ HIR o P TFH Ay ara

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

10 voltage is applied between the gate and drain of NMOS
86, causing gate-oxide breakdown in NMOS 86.

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

15 oxide breakdown. Likewise, a voltage of 5V is applied
between the gate and drain of NMOS 86, causing gate-
oxide breakdown.

Next, output circuits will be described. FIG. 9
shows the combined use of the output circuit of FIG. 5

20 and the protection circuit of FIG. 1, while FIG. 10
shows the combined use of the output circuit of FIG. 5
and the protection circuit of FIG. 2. Those essential
parts of the output circuits of FIGS. 9 and 10 which.
set their output terminals 101 to the low level are

25 indicated in FIGS. 11 and 12, respectively.

For the same reason as in the input circuits of

FIGS. 7 and 8, in the circuits of FIGS. 11 and 12 as



ofi NM3 104 because a supply voltage Vcc of 3.3V is 15 applied to the
gate of NMOS 104. Thus, a voltage of 5V is not applied between the gate
and drain of NMOS 103, preventing gate-oxide breakdown. In the interface

circuits of FIGS. 3, 4 and 5 as well, there is a need for sone protection
circuit 20 agai nst ESD. However, suchgapproaches as shown in FIGS. 1
and 2 cannot be used. The reason will be dgscribed below. FIG 7 shows the

conmbi ned use of the input circuit of FIG 3 and the protection circuit of
FIG 1, while 25 FIG 8 shows the conmbi ned use of the input circuit of

FIG 3 and the prele¢tg@becbkedbl bPbakd&Gm2will 5LESr TnaMEs8trhhkEstors
reference nunerals are used to -7- denote corresponding parts to those

in FIG 3 and thihrthespropeteiionscopthies. whbhNoutputheesiifsit 10f EEG 7,
a voltage of 5Vis applied to input terminal 91, the parasitic PN diode 5
present between swppliednwabh B¥ck gate of PMOS 85 is forward-biased, '
causing a large current to flow from
Thus, integrated interface circuits which provide
5 internal protection against a surge voltage applied to
an external terminai have drawbacks that, when a signal
voltage higher than an internal supply voltage is -
applied to the external terminal, a large current flows
through a protection circuit itself and gate-oxide
10 breakdown occurs in the protection circuit, destroying
the protection circuit.
Summary of the Invention
It is therefore an object of.the invention to
provide an interface circuit for use in a semiconductor
15 integrated circuit which provides internal protection
against a surge voltage applied to an external terminal
and prevents the breakdown of a protection circuit even
when a signal voltage higher than an internal supply
voltage is applied to the external terminal.
20 According to an aspect of the present invention,
there is provided an interface circuit for use in a
semiconductor integrated circuit comprising: an
external terminal; a first N-channel MOS transistor for
suppressing a voltage having its source-to-drain |
25 current path connected at one end thereof to the

external terminal and its gate connected to an internal

supply voltage; and a protection circuit against surge



the 5V supply to the 3.3V supply through that PN diode. This current may
cause device breakdown. Further, when a voltage of 5V is applied to input
termnal 91, this 10 voltage is applied between the gate and drain of
NMOS 86, causing gate-oxide breakdown in NMOS 86. In the circuit of FIG 8,
when a voltage of 5V is applied to inpqicgﬁrm nal 91, this voltage is
appl i ed between the gate and drain of N 88, causing gate- 15 oxi de
breakdown. Likewi se, a voltage of 5V is applied between the gate and drain
of NMOS 86, causing gate- oxide breakdown. Next, output circuits will be

described. FI G v&14ages ddieetgd Ref tife shdhermliqruitid Idutiderd gdth 5 20
and the protection circuit of FIG 1, while FIG 10 shows the conbi ned use

of the output ciofcwhe Eids8tCN-chathdlhaiQ8 dmnidimtaxd.rcuit of FIG 2. Those
essential parts of the output circuits of FIGS. 9 and 10 which set their
out put termnals 101 Aazortdrigowd ensther @pect ahdihsatmresent-liG8rerid and
12, respectively. For the sane reason as in the input circuits of FIGS. 7
and 8, in the citiom. $hererigsproviged An dnterface circuit for use in

5 a semiconductor integrated circuit comprising: an
external terminal; a first N-channel MOS transistor for
suppressing a voltage having its source-to-drain current
path connected at one end thereof to the external
terminal and its gate connected to an internal supply

10  voltage; a second N-channel MOS transistor for surge.
protection having its source-to-drain current path
connected between the other end of the current path of
the first MOS transistor and a reference supply voltage;
and a third N-channel MOS transistor for surge protec-

15 tion having its source-to-drain current path connected
between the internal supply voltage and the external
terminal and its gate connected to the other end of the
current path of the first N-channel MOS transistor.

According to still another aspect of the present

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

25 external terminal and its gate connected to an internal
supply voltage; and a protection circuit against surge

voltage connected between the other end of the current



-8- wgl I,

protection circuit

gat e- oxi de breakdown will occur in MOS transistors in the
protection circuits when output termnal 101 is supplied with 5V. Thus,
integrated interface circuits which provide 5 i nternal protection
agai nst a surge voltage applied to an external term nal have drawbacks
that, when a signal voltage higher than ang nternal supply voltage is
applied to the external termnal, a large current flows through a

itself and gate-oxide 10 breakdown occurs in the

protection circuit, destroying the protection circuit. Summary of the

| nvention It

i s paltdy efforthenrfiofste dt-addfanned IMOE Mixagrs itsk qur Anidlearan

interface circuit for use in a sem conductor 15 Integrated circuit
whi ch provides imtemmal gigcadtt.on agai nst a surge vol tage applied to an

- ext ernal

t er m nal

and prevents the breakdown of a protection circuit even

when a signal vol t ag@AFoREma eh 3 F U5 HSH ASRRFFHISE Ve REes Bpplied to
t he ext-ernal

ter,m nal .. 20 . Accordjng to .an aspect of the present
nvention, t her APVEREISHERSES (4R EEOIANE AR inhetaRe Ghroplt Hor

sem condu

N- channel

OF | eR06! 60 hfiCllrla SABY | S AP e (Sl Pl i 117t

transi
an external terminal; a first N-channel MOS transistor

for suppressing a voltage having its source-~to-drain

current path connected at its one end thereof to the

external terminal and connected at its other end

10 thereof to an internal circuit and its gate connected

to an internal supply voltage; a second N-channel MOS

transistor for suppressing a voltage having its source-

to-drain current path connected at one end thereof to

the external terminal and its gate connected to an

15 internal supply voltage; and a surge protection circuit

connected to the other end of the current path of the

second N-channel transistor.

According to a still further aspect of the present

invention, there is provided an interface circuit for

20 use in a semiconductor integrated circuit comprising:

an external terminal; a first N-channel MOS transistor

for suppressing a voltage having its source-to-drain -

current path connected at one end thereof to the

external terminal and its gate connected to an internal

25 supply voltage; a first surge protection circuit

connected between the other end of the current path of

the first N-channel MOS transistor and an internal



suppressing a voltage having its source-to-drain 25 current path
connected at one end thereof to the external termnal and its gate
connected to an internal supply voltage; and a protection circuit against

surge -9- voltage connected to the other end of the current path of the
first N-channel MOS transistor. According qj0 another aspect of the present
inven- tion, there is provided an interface circuit for use in 5 a

sem conductor integrated circuit conprising: dn external termnal; a first
N-channel MOS transistor for suppressing a voltage having its

sour ce-t o-drai ncdwcudn; Eatse oot e-taidhrate 10 MOS k- dnsdrsaefr tfod he ext er nal
termnal and its gate connected to an internal supply 10 vol tage; a
second N-channelsuppSessdmg st orolitages lhvegelng ditec tsordemtigrglrain
source-to-drain current path connected between the other end of the current
path of the firsumedt Ratd] qaamenaied atefane rns ﬁlm;:%ﬂﬂ/dlq dhe ssanal

third N-channel MOS transistqor for surge protec- tion having its

sour ce-t o- dr ai n i®PYefemHnR i Anteditey %WQ%Q%F@( e SupRsRabl t age

and the external
5 supply voltage; and a second surge protection circuit

connected to the other end of the current path of the
second N—channel MOS transistor.
Brief Description of the Drawings
FIG. 1 is a schematic diagram of an example of a
10  normally used input protection circuit;

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

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

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

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

FIG. 6 shows an essential part of the ouﬁput

20 circuit of FIG. 5;

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

FIG. 8 shows a circuit in which the input circuit

25 of FIG. 3 and the protection circuit of FIG. 2 are used
in combination;

FIG. 9 shows a circuit in which the output circuit



termngl and its gate connected to the other end of the current path of the

first N-channel MOS transistor. According to still another aspect of the
present 20 invention, there is provided an interface circuit for use in
a sem conductor integrated circuit conprising: an external termnal; a
first N-channel MOS transistor for suppresghng_a voltage having its
source-to-drain current path connected at one end thereof to the 25
external termnal and its gate connected to an internal supply voltage; and

a protection circuit against surge voltage connected between the other end
of-F10.-5pahd thetpeotettiont ehabiek MESFEangi gker uakd an
internal circuit. According to a further aspect of the present inventio
there i s provi detinacombiratior;circuit for 5 use in a sem conduct or
integrated circuit conprising: an external terminal; a first N channel
transi stor for suppreBiGngl@ shovage Aiveniti in whichethe- dnspntcurrent

path connected at its_one_end thereof to the external term nal and
connected at it<Ch¥FRitepf FIG. 5 and the protection circuit of FIG. 2

of the current

5

10

15

20

25

are used in combination;

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

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

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

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

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

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

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

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

invention which is applied to an input circuit;

n,

MOS



10 .thereof to an internal circuit and its gate connected to an internal
supply voltage; a second N-channel MOS transistor for suppressing a voltage
having its source- to-drain current path connected at one end thereof to
the external termnal and its gate connected to an 15 i nternal supply
vol tage; and a surge protection circuit-confiected to the other end of the
current path of the second N-channel transistor. According to a stil
further aspect of the present invention, there is provided an interface
circuit for 20 use in a sem conductor integrated circuit conprising: an
external terninal; aBI@stlN-hammthemesic absagram dHrasuiprestaogy a
vol t age havi ng |ts source-to-drain current path connected at one end
thereof to the S&%FHN AEIFHNT FRl- #t%e‘g%n@c@@%txw%(ﬁ%nth%ternal 25
supply voltage; a first surge protection circujit connected between the
other end of thPXaFeEntINFAMEHIN (el gh ri§ ?P%’a?%e?ﬂ\%’c’?&‘h%l%’f’é?uhﬁd an
I nt er nal circuit for essing a

d, N-ch yansi sto
vol tage having its scﬁfr‘ggcﬁg if eé:réi‘ré}fﬁrf'%?&c pé&?]g’é"t‘}h 1Y Rd

thereof to_the sé
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fgghit according
present invention
FIG. 21 is a

circuit according

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

to a ninth embodiment of the present

invention which is applied to an input circuit;

FIG. 22 is a

circuit according

schematic diagram of an interface

to a tenth embodiment of the present

invention which is applied to an input circuit;

FIG. 23 is a
circuit according
present inﬁention

FIG. 24 is a
circuit according
present invention

FIG. 25 is a
circuit according
present invention

FIG. 26 is a
circuit according
present invention

FIG. 27 is a
circuit according

present invention

schematic diagram of an interface

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

to a twelfth embodiment of the

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

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

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

to a fifteenth embodiment of the

which is applied to an input circuit;



I nput termnal and its gate connected to the internal 5 supply vol tage;
and a.second surge protection circuit connected to the other end of the
current path of the second N-channel MOS transistor. Brief Description of
the Drawings FIG 1 is a schematic diagramof an exanple of a 10
normal |y used input protection circuit; Fl@q 2Js a schematic di agram of
anot her exanple of a normally used input protectionm circuit; FIG 3 is a
schematic diagram of an exanple of a conventional input circuit; 15
FIG 4 is a schematic diagramof another exanple of a conventional input
circuit; FIG 5 is a #¥Ien2Bi dsdieagchemaftian dbagmalne off ad GorveaiFdcanal _
output circuit; FIG 6 shows an essential part of the out put 20 circuit
of FIG 5; FIG ®igkyit according ite whisdxteleathnembodimenitt off theG. 3 and
the protection circuit of FIG 1 are used in conbination; FIG 8 shows a
circuit in whi chPFRESPRpanVEntignt whaich igf appdied %edaphdnpus: edmcwit;
circuit of FIG 2 are %&ed i.n.conbination; FIG 9 shows a circuit in which
the out put circuit FIG. 29 is a schematic diagram of an interface
5 circuit according to a seventeenth embodiment of the
present invention which is applied to an input circuit;
FIG. 30 is a schematic diagram of an interface
circuit according to an eighteenth embodiment of the
present invention which is applied to an input circuit;
10 FIG. 31 is a schematic diagram of an interface
circuit according to a nineteenth embodiment of the
present invention which is applied to an input circuit;
FIG. 32 is a schematic diagram of an interface
circuit according to a twentieth embodiment of the
15 present invention which is applied to an input circuit;
FIG. 33 is a schematic diagram of an interface
circuit according to a twenty-first embodiment of the
present invention which is applied to an input circuit;
FIG. 34 is a schematic diagram of an interface
20 circuit according to a twenty-second embodiment of the
present invention which is applied to an input circuit;
FIG. 35 is a schematic diagram of an interface
circuit according to a twenty-third embodiment of the
present invention which is applied to an input circuit;
25 FIG. 36 is a schematic diagram of an interface

circuit according to a twenty-fourth embodiment of the

present invention which is applied to an input circuit;



- 42 - ;of FIG 5 and the protection circuit of FIG 1 are used in

combi nation; FIG 10 shows a circuit in which the output circuit of FIG 5
and the protection circuit of FIG 2 5 are used in conbination; FIG 11
shows an essential part of the output circuit of FIG 9; FIG 12 shows an
essential part of the output circuit of-FI{s 10; 10 ~ FIG 13 is a
schematic diagramof an interface circuit according to a first embodi ment
of the present invention which is applied to an input circuit; FIG 14 is a
schematic diagramof an interface circuit according to a second embodi nent
of the present 15 FIGvedli b» ahbchematippiiagran afi anpinterfacet; FIG
15 is a schematic _diagramof an interface circuit according to a third
enbodi nent of t Hel¥FeseCEending oke whi tWentyapbfthdembodimenpuof ctheuit

i ' ' f an interface_ 20
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FIG. 38 is a
circuit according
present invention

FIG. 39 is a
circuit according
present invention

| FIG. 40 is a
circuit according
present invention

FIG. 41 is a
circuit according
present invention

FIG. 42 is a
circuit according
present invention

FIG. 43 is a
circuit according
present invention

FIG. 44 is a
circuit according
present invention

FIG. 45 is a
circuit according

present invention

circuit according to

schematic diagram of an interface

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

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

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

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

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

to a thirty-second embodiment of the

which is applied to an input circuit;



i pventjon which is applied to an input circuit; FIG 17 is a schematic
diagram of an interface circuit according to a fifth enbodi nent of the
present invention which is applied to an input circuit; 25 FIG 18
is a schematic diagramof an interface circuit according to a sixth

enbodi ment of the present invention which jg applied to an input circuit;

- 13 - FIG 19 is a schematic diagramof an interface circuiit according to
a seventh enbodi nent of the present invention which is applied to an input
circuit; FIG 20 is a schematic diagramof an interface 5 circuit :
accordi.ng to an ei ghtRIGnbEaiierd sdtheaneet jr ediadramvehtaonintecface appl i ed
to an input circuit; FIG 21 is a schematic diagramof an interface circuit
accordi ng to a mimduinmaeiordingite e thiosent fouwentérrodiment | of aplpéi ed
to an input circuit; 10 FIG 22 is a schematic diagram of an
interface circuiRregsnt dinkenwion tviniceh chhappkied dio tar npwentirenthti on

which is applied to %Q[input circuit;
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G. 47 is a
circuit according
present invention

FIG. 48 is a
circuit according
present invention

FIG. 49 is a
circuit according
present invention

FIG. 50 is a
circuit according
present invention

FIG. 51 is a
circuit according

present invention

FIG. 52 is a

circuit according
present invention

FIG. 53 is a
circuit according
present invention

FIG. 54 is a
circuit according

present invention

schematic diagram of an interface

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

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

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

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

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

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

to a forty-second embodiment of the

which is applied to an input circuit;

FIG 23 is a schematjc diagram of an



circuif according to an el eventh enbodi nent of the 15 present invention
which is applied to an input circuit; FIG 24 is a schematic diagram of an
interface circuit according to a twel fth enbodi ment of the present

i nvention which is applied to an input circuit; FIG 25 is a schematic

di agram of an interface 20 circuit according to a thirteenth enbodi nent
of the present invention which is applied to an input circuit; FIG 26 is a
schematic diagramof an interface circuit according to a fourteenth

enbodi ment of the present invention which is applied to an input circuit;
25 FIG 27 iBIG. stheimtd scherptis dliagramief fancintexface
according to a fifteenth enbodi nent of the present invention which is

applied to an i fpACwHy @Fgording 49 a foxyy-ghicd enboediment of abRam of an
interface circuit accordjng to, a sixteenth enbodi ment of the present

| nvent i on whi ch BXSSRIT i P GTELEN (FIKRE 15 ARRI9] 0 AR | PR homt | ¢

di agr am of ani'Hf¥é§f@-5 circuit according to a seventeenth enbodi nent
of the present inveniToh which is applied to an input circuit;

5 FIG. 56 is a schematic diagram of an interface
circuit according to a forty-fourth embodiment of the
present invention which is applied to an input circuit;

FIG. 57 is a schematic diagram of an interface
circuit according to a forty-fifth embodiment of the

10 present invention which is applied to an input circuit;
- FIG. 58 is a schematic diagram of an interface
circuit according tb a forty-sixth embodiment of the

present invention which is applied to an input circuit;

FIG. 59 shows an essential part of the output

15 circuit of FIG. 55; .

FIG. 60 shows an essential part of the output
circuit of FIG. 56;

FIG. 61 shows an essential part of the output
circuit of FIG. 57;

20 FIG. 62 shows an essential part of the output
circuit of FIG. 58;

FIG. 63 is a schematic diagram of an interxface
circuit according to a forty-seventh embodiment 6f the
present invention;

25 FIG. 64 is a schematic diagram of an'interface
circuit according to a forty-eighth embodiment of the

present invention;



FI.G 3Q is a schematic diagramof an interface circuit according to an

ei ght eent h enbodi nent of the present

circuit; 10
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i nvention which is

32 is-a sghematic diagramof an interface

pr esent

interface circuit according to a twenty-first enbodi mrent of the present
3

i nvention which is appi¢ed
di agram of an interface 20

FIG 35 is a schematic diqgran1of
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olamisphenaticudiagramg of4ansintexfanatic
¢ ( _Ccircuit according to a twenty-second
enbodi nent of tHelpreitemceerdhng ke whi EartE-abpth cembedimentpaf thecuit;

n interface_circuit accordi to a
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FIG 36 is a schematic diagramof an interface
ty-fourth enbodi ment of the present invention
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circuit according
present invention
circuit;

FIG. 67 is a
circuit according
present invention
circuit;

FIG. 68 is a
circuit according
present invention
circuit;

FIG. 69 is a
circuit according
present invention
circuit;

FIG. 70 is a

circuit according

present invention

circuit; and

FIG. 71 is a

to a fiftieth embodiment of the

which is applied to an input/output

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

which is applied to an input/ouﬁput

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

which is applied to an input/output

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

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

which is applied to an input/output

schematic diagram of a modification

of the interface circuits according to the respective

embodiments of the present invention.

I nvention which is applied to an input
FIG 31 is a schematic diagramof an interface circuit
according to a nineteenth enbodi nent of the present
applied to an input circuit;
circuit according to a twentieth enbodi nent of the 15
which is applied to an input circuit;

I nvention
FIG 33 is a schematic diagram of an



-:15 - FIG 37 is a schematic diagramof an interface circuit according to
a twenty-fifth enbodi nent of the present invention which is applied to an
input circuit; FIG 38 is a schematic diagramof an interface 5 circuit
according to a twenty-si xth enbodi nent of the present invention which is
applied to an input circuit; FIG 39 is a hemati c di agram of an interface
circuit according to a twenty-seventh enbodi nent of the present invention
which is applied to an input circuit; 10 FIG 40 is a schematic
diagram of an interface circuit according to a twenty-eighth enbodi nent of
t he present inventipmtailiiet Desaniptisnh tof athe fextrrerili ddimerftisi s a
schematic diagramof an interface circuit according to a twenty-ninth
enbodi nent of the 15 Refexnriggpmow rie@IG®n Mihi dthdéxre dgplshawn amn i nput
circuit; FIG 42 is a schematic diagramof an interface circuit according
to a thirtieth difesfage Girqud maoaudinnvientd dingh enbadipsnt eif to an
Input circuit; FILG 43 is a schematic diagram of an interface 20,

circuit accordi & dyentiqny which Je’htﬁﬂﬂ%rﬂﬁﬁ A RMHs TG RVent i on

e LSBT i S SRR e
| supply system and permits entry of signals for 5V
supply system. To an input terminal 11 is connected an
end of the source-to-drain current path of a voltage
suppression NMOS 12, which has its gate connected to a
10 3.3V-system supply voltage Vcc. The other end of the
current path of NMOS 12 is connected by a protection
circuit 13 to the common gates of a PMOS 14 and an NMOS
15 in the input stage of an internal circuit. The '
protection cirﬁuit 13 comprises a fMOS 16 and an NMOS
15 17. The PMOS 16 has its source énd gate connected
together to supply voltage Vcc and its drain connected
to the common gates of PMOS 14 and NMOS 15. The NMOS
17 has its source and gate connected together to a
reference voltage supply Vss and its drain connected to
20 the common gates of PMOS 14 and NMOS 15. The PMOS 14
and NMOS 15 in the input stage are joined at their
drains and a signal taken at the common drains is fed
into the inside of the integrated circuit. The source
of NMOS 15 is connected to the reference supply voltage
25 Vss. Between the supply voltage Vcc and the source of
PMOS 14 is coﬁnected the source-to-drain current path

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



presen invention which is applied to an input circuit; 25 FIG 45
Is a schematic diagramof an interface circuit according to a thirty-second
enbodi ment of the present invention which is applied to an input circuit;

- 16 - FIG 46 is a schematic diagramof an interface circuit according to
a thirty-fourth enbodi nent of the present aggvention which is applied to an
input circuit; FIG 47 is a schematic diagramof an interface 5 circuit
according to a thirty-fifth enbodi nent of the present invention which is
applied to an input circuit; FIG 48 is a schematic diagramof an interface
circuit accordi nexwirgk Hikty-si xth enbodi nent of the present invention
which is applied to an input circuit; 10 FIG 49 is a schematic

di agram of an interf &wtifzuitheaadeairy ob the irquiheishtthatbdte nent of
the present invention which is applied to an input circuit; FIG 50 is a
schemati ¢ di agr HAWCendaieRaide Qf tA $29R THRRFRET P NMPT t12 el g ht h

enbodi nent of the 15 resent jnvention which tslggplied t 0, an i nput
circuit; FIG sAisPesed e FNRFahOMLRAt nth gn Protection
5 circuit 13. Note here that, though not shown, the back

gates of PM0OSs and NMOSs are connected to their
respective sources. Such is the case with other
embodiments to be described later.
In the input circuit thus arranged, when a 5V
10 signal is applied to input terminal 11, the voltage at
| one of the source and drain of NMOS 12 that is
connected to protection circuit 13 will not go higher
than (Vecc - Vtn) where Vtn is the threshold voltage of
NMOS 12 because the gate of NMOS 12 is connected to the
15 3.3V supply voltage Vcc. Thus, a voltage of 5V is not
applied between the gate and source and between the
gate and drain of NMOS 12. Likewise, a voltage of 5V
is not impressed between the gate and source and
between the gate and drain of each of PMOSs 14, 16 and
20 NMOSs 15, 17. Por this reason, none of the MOS
transistors, including the transistors in the protection
circuit, suffer gate-oxide breakdown. In this example
as well, since PMOS 18 the gate of which is controlled
by a signal at input terminal 11 is connected between
25 PMOS 14 and Vcc, no through-current will flow between
Vcc and Vss.

When a surge voltage is applied to input terminal



circuit according to a thirty-ninth enbodi nent of the present invention
which 1s applied to an input circuit; FIG 52 is a schematic diagram of an
i nterface 20 circuit according to a fortieth enbodi nrent of the present
i nvention which is applied to an input circuit; FIG 53 is a schematic
diagram of an interface circuit according pp a-forty-first enbodi nent of
the present invention which i.s applied to an input circuit; 25
FIG 54 is a schematic diagramof an interface circuit according to a
forty-second enbodi nent of the present invention which is applied to an
input circuit; 11; 44 thé&l&héb hand, siteimt transaitted otoathenbehéace
circuit according to a forty-third enbodi nent of the present invention
which is appliedend @fi tuepoercéntupathsof NMOS 12Fvim BEOSsl3 sundedntic
di agram of an interface circuit according to a forty-fourth enbodi ment of
the present invePR¥asitwhe NPNsbipplaedtranaastapucoReieting efcths7 is a
schematic diagramof an jnterface circyit, accordi a forrty-fifth
enbodi ment Ofgtﬁﬁource, back gate and 3rain 08 SMSg ig and tﬁgn passed
5 to the supply voltage Vcc or Vss through the parasitic

PN diode present between the drain and back gate of

PMOS 16 or NMOS 17 in protection circuit 13.

Consequently, the internal circuit can be protected

from ESD.

10 FIGS. 14 and 15 show interface circuits according
to second and third embodiments of the invention which
are applied to an input circuit. The input circuit of
FIG. 14 is distinct from the circuit of FIG. 13 in that
a resistor 19, which is equivalent in function to

15 protection resistor 87 shown in FIGS. 1 and 2, is
connected between input terminal 11 and the connection
point between the one end of the current path of NMOS
12 and the gate of PMOS 18. In the input circuit of
FIG. 15, two separate resistors 19A and 19B are used in

20 place of protection resistor 19 in the circuit of
FIG. 14, resistor 19A being connected between input
terminal 11 and NMOS 12 and resistor 19B being
connected between input terminal 11 and the gate of
PMOS 18.

25 In the circuits of FIGS. 14 and 15, each

protection resistor and its associated MOS transistor’s

gate capacitance form a CR type of lowpass filter.



10 , present invention which is applied to an input circuit; FIG 58 is a
schematic diagramof an interface circuit according to a forty-sixth
enbodi ment of the present invention which is applied to an input circuit;

FIG 59 shows an essential part of the output 15 circuit of FIG 55
FIG 60 shows an essential part of the outpyt circuit of FIG 56; FIG 61
shows an essential part of the output circurt of FIG 57; 20 FI G

62 shows an essential part of the output circuit of FIG 58, FIG 63 is a
schematic diagramof an interface circuit according to a forty-seventh
enbodi nent of twh¢yi esemirgaveditage 25 applied toFifpubitésmbnalhemmtic
diagram of an interface circuit according to a forty-ei ghth enbodi nent of
t he present invethe ochowpass fiBlteF|Gre¢énts atsfhemubeindi agphiedf tan
interface circuit according to a forty-ninth enbodi nent of the
protection circuit 13 immediately, thus further
increasing the resistance to ESD breakdown.
5 - FIG. 16 shows an interface circuit according to a
fourth embodiment of the invention which is applied to
an input circuit which is constructed by the use of a
process for 3.3V supply system and permits entry of
signals of 5V supply system. This circuit is distinct
10 _ from the circuit of FIG. 13 in that PMOS 16 in
protection circuit 13 is replaced with an NMOS 20,
which has its drain connected to the supply voltage
Vece, its source connected to the common gates of PMOS
14 and NMOS 15 and its gate connected to the reference
15 supply voltage Vss.

The circuit thus arranged is distinct from the
circuit of FIG. 13 in that, when a positive surge
voltage is applied to input terminal 11, it is passed
to Vcc by the transistor action of a parasitic NPN

20 bipolar transistor consisting of the source, back gate
and drain of NMOS 20 in protection circuit 13.

FIGS. 17 and 18 show interface circuits according
to fifth and sixth embodiments of the invention which
are applied to an input circuit. The input circuit of

25 FIG. 17 is distinct from the circuit of FIG. 16 in that

a protection resistor 19, which is equivalent in

function to protection resistor 87 shown in FIGS. 1 and



present invention which is applied to an input/output circuit; 5

FIG 66 is a schematic diagramof an interface circuit according to a
fiftieth enbodi nent of the present invention which is applied to an

i nput/output circuit; FIG 67 is a schematic diagramof an interface 10
.circuit according to a fifty-first enbadi megnt of the present invention
which is applied to an input/output circuit; FIG 68 is a schematic di agram
of an interface circuit according to a fifty-second enbodi nent of the 15
present invention which is applied to an input/output circuit; FIG 69 is a
schemati c di agr @m dis @onneiotiekdabe toiaet iinpantc dedinigalo 1 fand yeHehi rd

enbodi ment of the present invention which is applied to an input/output 20
circuit; FIG 7¢onnexticmempmtiing diedgresn dtheamnentesrd ade tdie amixtreadror di ng
to a fifty-fourth enbodi mrent of the present invention which is applied to
an i nput/ out put peithc @ift NM@$d 125 and the gatieGof7 PMOS d &chdmattihe dinmptam of

a nodification of the interface circuits according to the respective
circuit of FIG. 18, two separate resistors 19A and 19B

5 are used in place of protection resistor 19 in the
circuit of FIG. 17, resistor 19A being connected
between input terminal 11 and NMOS 12 and resistor 19B
being connected between input terminal 11 and the gate
of PMOS 18.

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

15 ESD breakdown.

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

20 signals for 5V supply system as with the circuit of
FIG. 4.

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

25 of the circuit of FIG. 13.

FIG. 20 shows an interface circuit according to an

eighth embodiment of the invention which is applied to



epbodi pents of the present invention. - 19 - Detailed Description. of the
Preferred Enbodi nents Referring nowto FIG 13, there is shown an interface
circuit according to a first enbodi nent of the invention which is applied
to an input circuit 5 which is constructed by the use of a process for
3.3V supply systemand permts entry of _sigpals for 5V supply system To an
input termnal 11 is connected an end of the source-to-drain current path
of a voltage suppression NMOS 12, which has its gate connected to a 10
3.3V-system supply voltage Vcc. The other end of the current path of NMOS

12 is connected &y fnphet8cLEQDLCi roHLE d3rtQ@ithescaiEbingdt egofl taePMOS 14
and an NMOS 15 in the input stage of an internal circuit. The protection

circuit 13 conprésesubt PMEOSF16.abl an tWBEE AS5protedfionThesPbEBrl@ohds its
source and gate connected together to supply voltage Vcc and its drain
connected to theconneohedabetweénpPMigut4temiingDsllsandhNMOS0E217 Fag its
source and gate connected together to a reference voltage sug?I{4vsi5and
its drain connectkg game reason as in the embodiments of FIG ’ ’

5 17 and 18, this circuit can prevent a surge voltage
applied to input terminal 11 from being applied to
protection circuit 13 immediately, thus further
increasing the resistance to ESD breakdown.

FIG. 21 shows an interface circuit according to a

10 ninth embodiment of the invention which is applied to
an input circuit which is constructed by the use of a
process for 3.3V.supply system and permits entry of
signals for 5V supply system. This circuit is distinct
from the circuit of FiG. 16 in that PMOS 18 is omitted.

15 Thus, the advantagé is substantially the same as that
of the circuit of FIG. 16.

FIG. 22 shows an interface circuit according to a
tenth embodiment of the invention which is applied an
input circuit. This circuit is distinct from the

20 circuit of FIG. 21 in that a protection resistor 19 is
connected between input terminal 11 and one énd of the
current path of NMOS 12. This circuit can prevent a
surge voltage applied to input terminal 11 from being
impressed to protection circuit 13 immediately for the

25 same :easbn as in the circuits of FIGS. 14, 15, 17 and

18, thus further increasing the resistance to ESD

breakdown.



20 ,the common gates of PMOS 14 and NMOS 15. The PMOS 14 and NMOS 15 in
the input stage are joined at their drains and a signal taken at the conmon
drains is fed into the inside of the integrated circuit. The source of NMOS
15 is connected to the reference supply vol tage 25 Vss. Between the
supply voltage Vcc and the source of PMOS 44 is connected the
source-to-drain current path of a PMOS 18, which has its gate connected to
I nput - 20 - termnal 11. That is, the feature of the circuit is that
t he source-drain path of voltage suppression NMOS 12 is di sposed between
i nput termnal 11 anFIBOotEXTishvwsd an imterfade 18ircit eadesrdif@ttotamugh
not shown, the back gates of PMOSs and NMOSs are connected to their
respective sour ceeveludh embaodionens oM the ol ineen eidio dvimbeh sis cappliledcri bed
later. In the input circuit thus arranged, when a 5V 10 signal is
applied to inputta éamiinpulicirgriyovhbee b3 oPrsSbructrd shyrehke ange defi n of
NMOS 12 that is connected to protection circuit 13 wll not go higher
a process for 3.3V supply system and permits "entry of
5 signals for 5V supply system. To input terminal 11 is
connected one end of the source-to-drain current path
of a first NMOS 12A used for voltage suppression, which
has its gate connected to 3.3V system supply voltage
Vce. The other end of the current path of NMOS 12A is
10 connected by a first protection circuit 13A to the
common gates of PMOS 14 and NMOS 15 in the input stage
of the internal circuit. First protection circuit 13A
comprises a PMOS 16A and an NMOS 17A. PMOS 16A has its
source and gate connected to supply voltage Vcc and its
15 drain connected to the common gates of PMOS 14 and NMOS
15, while NMOS 17A has its source and gate connected to
reference supply voltage Vss and its drain connected to
the common gates of PMOS 14 and NMOS 15. The drains of
PMOS 14 and NMOS 15 in the input stage are connected to
20 each other. A signal at the common drains of PMOS 14
and NMOS 15 is fed to the inside of the integrated
circuit. The source of NMOS 15 is connected to the
reference supply voltage Vss. Between the supply
voltage Vcc and the source of PMOS 14 is connected the
25 source~to-drain current path of a PMOS 18, which has

its gate connected to input terminal 11.

To input terminal 11 is connected one end of the



than (Vcc - vtn) where Vtn is the threshold voltage of NMOS 12 because the
gate of NMOS 12 is connected to the 15 3.3V supply voltage Vcc. Thus,
a voltage of 5V is not applied between the gate and source and between the
gate and drain of NMOS 12. Likew se, a voltage of 5V is not inpressed
between the gate and source and between thg gate and drain of each of PMOSs
14, 16 and 20 NMOSs 15, 17. For this reason, none of the MOS
transistors, including the transistors in the protection circuit, suffer
~gate-oxi de breakdown. In this exanple as well, since PMOS 18 the gate of
whi ch is controldaftdy~to-siriial dirtdiitpdeh Hal sdcdrsd osmetged bet ween
25 PMOS 14 and Vcc, no through-current will flow between Vcc and Vss.
When a surge volsheperesss iappINMQS tI2B npdiiiclerhmsalts gate lconrdctedh tdie
other hand, it is transmtted to the other end of the current path of NMOS
12 via NMOS 12 dhe a3 (3 eaystienm Nuphiprektaganisst orTe die bR o?nd he

source, back gate and drain of NMOS 12 and then passed 5 to the supply
vol tage Vec or s ther SilfiFafe Bafith % iWMOS 12B 1s connected a second
5 protection circuit 13B which comprises a PMOS 16B and

an NMOS 17B as in first prdtection circuit 13A. 1In
this protection circuit, PMOS 16B has its source and
gate connected to supply voltage Vcc and its drain
connected to fhe other end of the current path of NMOS

10 12B, while Nﬁos'17B has its source and gate connected
to reference supply voltage Vss and its drain connected
to the other end of the current path of NMOS 12B.

That is, the features of the circuit of FIG. 23
are that first and second NMOSs 12A and 12B are used as ©

15 voltage suppression NMOSs, the source-to-drain current
path of first NMOS 12A is disposed between input
terminal 11 and first protection circuit 13A, and the
source-to-drain current path of second NMOS 12B is
disposed between input terminal 11 and second protec-

20 tion circuit 13B.

In the input circuit thus arranged, when a 5V
signal is applied to input terminal 11, the voltage at
each of those sources or drains of NMOSs 12A and 12B
which are respectively connected to first and second

25 protection circuits 13A and 13B will not go higher than
(Vec - Vtn) where Vtn is the threshold voltage of NMOSs

12A and 12B because the gates of NMOSs 12A and 12B are



PN di ode present between the drain and back gate of PMOS 16 or NMOS 17 in
protection circuit 13. Consequently, the internal circuit can be protected
from ESD. 10 FIGS. 14 and 15 show interface circuits according to
second and third enbodi nents of the invention which are applied to an input
circuit. The input circuit of FIG 14 is diwstisict fromthe circuit of FIG
13 in that a resistor 19, which is equivalent in function to 15

protection resistor 87 shown in FIGS. 1 and 2, is connected between i nput
termnal 11 and the connection point between the one end of the current
path of NMOS 12 eash tdemngatedftPNd® itthe |supiy ivpitags riiag todHf3 AG. 15,
two separate resistors 19A and 19B are used in 20 pl ace of protection
resistor 19 in {Thasei rcialtegeriaf S ig aQtstapplicd H@W%rﬁf&t@%et ween
input termnal 11 and NMOS 12 and reS|stor 19B bei g connect ed hetween

i nput termninal PRAGRPUHGS g"’a{’(de%ﬁ the gaye and draim qiLa5h Qf ts of

[ransi stor s gaMBRR, A AEk 1o m SOCTYRL df TOMPER 1 | 1rts not

5 impressed between the gate and source and between the
~gate and drain of each of PMOSs 14, 16A and 16B and
NMOSs 15, 17A and 17B. For this reason, none of the
MOS transistors, including the transistors in first and
second protection circuits 13A and 13B, suffer gate-

10 oxide breakdown. |

| When a surge voltage is applied to input terminal
‘11, on the other hand, it is passed to the supply
voltage Vcc or the reference supply voltage Vss through
second NMOS 12B and a parasitic PN diode present

15 between the drain and back gate of PMOS 16B or a
parasitic PN diode present between the drain and the
back gate of NMOS 17B in second protection circuit
13B, thus protecting the internal circuit from ESD
breakdown.

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

25 with those in second protection circuit 13B. Alter-
natively, first protection circuit 13A may be omitted

as in the fourteenth embodiment circuit shown in



-.22 - ,Wen a surge voltage is applied to input termnal 11, the | owpass
filter prevents it frombeing applied to protection circuit 13 i medi ately,
thus further increasing the resistance to ESD breakdown. 5 FIG 16
shows an interface circuit according to a fourth enbodi ment of the

i nvention which is applied to an input cirggit_which is constructed by the
use of a process for 3.3V supply systemand permts entry of signals of 5V
supply system This circuit is distinct 10 fromthe circuit of FIG 13
in that PMOS 16 in protection circuit 13 is replaced with an NMOS 20, which
has its drain cauectzgl. to the supply voltage Vcc, its source connected to
the comon gates of PMOS 14 and NMOS 15 and its gate connected to the
reference 15 sup@iGyol 2hgnd/s25 Shew cinterfacdusivcuibgeac¢erdingi nct
fromthe circuit of FIG 13 in that, when a positive surge voltage is
appl i ed to inputte eewekith jand | thixteprth enbodimenys tpf Eh@nineenkEiart i on
of a parasitic NPN 20 bi palar transistor consisting of the source, back
gate and drain JfPIMRDRZD $3CHPREIFHNCR 3R UIRPYS, CHFewit 47 ThEy 18PURow

interface girculls &CfO'dt "Wre. 24 is distinct from the circuit of

FIG. 23 in that a protection resistor 19 is connected
between input terminal 11 and the connection point
between the gate of PMOS 18 and the source-to-drain
current path of each of first and second NMOSs 12A and
10 12B. 1In the input circuit of FIG. 25, two separate
resistors 19A and 19B are used in place of protection
resistor 19 used in the circuit of FIG. 24, resistor
19A being connected between inpﬁt terminal 11 and first
NMOS 12A and resistor 19B being coﬁnected between input
15 terminal 11 and the gate of PMOS 18.

For the same reason described in connection with
the embodiments of FIGS. 14 and 15, the embodiments of
FIGS. 24 and 25 as well can prevent a surge voltage
applied to input terminal 11 from being impressed to

20 protection circuit 13A and the like immediately, thus
further increasing resistance to ESD breakdown.

As with the eleventh embodiment, in the twelfth
and thirteenth embodiments, since second protection
circuit 13B protects the internal circuit from ESD

25 breakdown, first protection circuit 13A is merely used
as supplement. Thus, the MOS transistors in first

protection circuit 13A can be made small in comparison



to fifth and sixth enbodi nents of the invention which are applied to an

I nput circuit. The input circuit of 25 FIG 17 is distinct fromthe
circuit of FIG 16 in that a protection resistor 19, which is equivalent in
function to protection resistor 87 showmn in FIGS. 1 and - 23 - 2, is
connected between input term nal 11 and-thggconnecti on point between the
one end of the current path of NMOS 12 and the gate of PMOS 18. In the
input circuit of FIG 18, two separate résistors 19A and 19B 5 are used
in place of protection resistor 19 in the circuit of FIG 17, resistor 19A
bei ng connect ed withetmosapin secondaprdtieaniionMIbréaitinti3Besi Alber:9B
bei ng connected between input termnal 11 and the gate of PMOS 18. 10

Wth the circuittbivel s fTigshnpraBectionschugyibl &3RonpyehenPmitsatge
voltage applied to jnput _termnal 11 frombeing applied to protectign
circuit 13 inned?%l%myaf%+EF%%“@%n%m?%ﬁk%ﬁnéscﬂﬁgEEFb%ﬁoﬁ?e%VoEEGy,gfhus

further increasigg {he, {esl SEANSS, A8t o3 E0: P SRAIRSh rrc. 2.

5 FIG. 29 shows an interface circuit according to a
seventeenth embodiment.of the invention which is
applied to an input circuit which is constructed by the
use of a process for 3.3V supply system and permits
entry of signals for 5V supply system. This circuit is

10 distinct from the circuit of FIG. 23 in that PMOSs 16A

| and 16B in first and second protection circuits 13A and
13B are replaced with NMOSs 20A and 20B, respectively.
NMOS 20A has its drain connected to the supply voltage
Vee, its sburce connected to the common gates of PMOS

15 14 and NMOS 15, and its gate connected to the reference
supply voltage Vss. NMOS 20B hés its drain connected
to the supply voltage Vcc, its source connected to the
connection point of NMOSs 12B and 17B, and its gate
connected to the reference supply voltage Vss.

20 The circuit thus arranged is distinct from the
circuit of FIG. 23 in that, when a surge voltage of
positive polarity is applied to input terminal 11, it
is passed to Vec by the transistor action of an NPN
parasitic bipolar transistor consisting of the source,

25 back gate and drain of each of NMOSs 20A and 20B in
protection circuits 13A and 13B.

In this embodiment, since second protection



FIG 19 shows an interface circuit according to a seventh enbodi nent of the
I nvention which is applied to an input circuit which is constructed by the
use of a process for 3.3V supply systemand permts entry of 20 signal s
for 5V supply systemas with the circuit of FIG 4. That is, this circuit
is distinct fromthe circuit of FIG 13 ipgthat PMOS 18 is omtted. Thus,

t he advantages of the circuit remain unchanged fromthose 25 of the
circuit of FIG 13. FIG 20 shows an interface circuit according to an
ei ght h enbodi nent of the invention which is applied to - 24 - an input

circuit. This cchieggutiti 138 protectsr ahet Haterhaldi cixcuEitGErbh BSD hat a
protection resistor 19 is connected between input termnal 11 and NMOS 12.
For the sane rebzeakdownp fhesénpoditeentionocikic@St 18A 1%, used asl7 and 18,
this circuit can prevent a surge voltage applied to input terminal 11 from
bei ng applied t&suppdementon &husui the3MOSndFeasdisEorshda fdmster i ncreasing

the resistance to ESD hreakdown., . .
protection circuit 13A can be made small in comparison

5 with those in second protection circuit 13B. Alter-
natively, first protection circuit 13A may be omitted
as in a twentieth embodiment circuit shown in FIG. 32.

FIGS. 30 and 31 show interface circuits according

to eighteenth and nineteenth.embodiménts of the

10 invention which are each applied to an input circuit.
The input circuit of FIG. 30 is distinct froﬁ the
circuit of FIG. 29 in that a protection resistor 19 is
connected between input terminal 11 and the connection
point between the gate of PMOS 18 ﬁnd one end of the

15 source-~-drain path of each of first and second NMOSs 12A
and 12B. In the input circuit of FIG. 31, two separate
resistors 19A and 19B are used instead of protection
resistor 19 used in the circuit of FIG. 30, resistor-
19A being connected between input terminal 11 and NMOS

20 12A and resistor 19B being connected between input
terminal 11 and the gate of PMOS 18.

As with the seventeenth embodiment circuit, in the
eighteenth and nineteenth embodiment circuits, since
second protection circuiﬁ 13B protects the internal

25 circuit from ESD breakdown, first protection circuit
13A is used as supplement. Thus, the MOS transistors

in first protection circuit 13A can be made small in



FLG 21 shows an interface circuit according to a 10 ni nt h enbodi nment
of the invention which is applied to an input circuit which is constructed
by the use of a process for 3.3V supply systemand permts entry of signals
for 5V supply system This circuit is distinct fromthe circuit of FIG 16
in that PMOS 18 is omtted. 15 Thus, tdye advantage is substantially the
sanme as that of the circuit of FIG 16. FIG 22 shows an interface circuit
according to a tenth enbodi nent of the invention which is applied an input
circuit. This circuit is distinct fromthe 20 circuit of FIG 21 in
that a protecti compesdistoor wi%h thomeneiat exbdmidvgerotentiiion erintaait 113mnd
one end of the current path of NMOS 12. This circuit can prevent a surge
vol t age appl i ed AldGamativednni flrsit] gramdisiony diprudssaBA gngy dieect i on

circuit 13 imediately for the 25 same reason as in the circuits of

FIGS. 14, 15, 1PmdfiderB as Hus & (ieandy-fidrsdaanhpdinente Gistatide shovasD

br eakdown. - .25 - Ht% 23 shows an interface circuit according to an
in FIG. 33 or a twenty-second embodiment circuit “shown

5 in FIG. 34.

FIG. 35.shows an interface circuit according to a
twenty-third embodiment of the invention which is
applied to an input circuit which is constructed by the
use of a process for 3.3V supply system and permits

10 entry of signals for 5V supply system. This circuit is
distinct from the circuit of FIG. 23 in that PMOS 18A
is omitted and PMOS 16A in first protection circuit 13A
is replaced with'an NMOS 20A. NMOS 20A has its drain
connected to the supply voltage Vcd, its source

15 connected to the common gates of PMOS 14 and NMOS 15,
and its gate connected to the reference supply voltage
Vss. Thus, first and second protection circuits 13A
and 13B may differ from each other in arrangement.

In this embodiment, since second profection

20 circuit 13B protects the internal circuit from ESD
breakdown, first protection circuit 13A is merely used
as supplemént. Thus, the MOS transistors in first
protection circuit 13A can be made small in comparison
.with those in second protection circuit 13B. Alter-

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

FIG. 37.



el event h enbodi nent of the invention which is applied to an input circuit
which is constructed by the use of a process for 3.3V supply system and
permts entry of 5 signals for 5V supply system To input termnal 11
I s connected one end of the source-to-drain current path of a first NMOS
12A used for voltage suppression, which hay its gate connected to 3.3V
system supply voltage Vcc. The other end of the current path of NMOS 12A is
10 connected by a first protection circuit 13A to the commopn gates of
PMOS 14 and NMOS 15 in the input stage of the internal circuit. First
protection circuit 1FAGeoer ishesrsa aRMif tEak aaed cdir NVIES attbxrdiMgS thoA has
Its source and gate connected to supply voltage Vcc and its 15 drain
connect ed t o t h&éweordyefoyattds epbodiEents ofndhevIgveRtign MWhikiO3 s17A has
its source and gate connected to reference supply voltage Vss and its drain
connect ed to t h@PPdieen agadapudf camoyits iV renitris ¢istincdt pvos 14

and NMOS 15 in the input stage are connected to. 20 each other. A signal
at the common dfZPRs Isl%(§§%f$ 2d FNifes 3P5 1ns thad 8o Aot scidi®e of t he

i nt ted ci it.. Th . f N 15 | ted to t.h f
SUpply voif age FE5LebAkdah 1oh s o0aRHed, BAFER A BNt HER R dd GRS
14 is connected e g3 of SRY Corklnd’ PatnC Yy SosPALA OF o 1 EMER Afys g0 Ch

has
can prevent a surge voltage applied to input terminal

11 from being impressed to protection circuit 13A
immediately for the same reason as in the circuit of
10 FIG. 14, thus further increasing the resiétance to ESD
| breakdown.

As Qith the twenty—third embodiment, in this
embodiment, since second protection circuit 13B
protects the internal circuit from.ESD breakdown, first

15 protection circuit 13A is merely used as supplement.'
Thus, the MOS transistors in first protection circuit.
13A can be made small in comparison with those in
second protection circuit 13B. Alternatively, first
protection circuit 13A may be omitted as in a twenty-

20 sixth embodiment circuit shown in FIG. 38.

FIG. 39 shows an interface circuit according to a
twenty-seventh embodiment of the invention which is
applied to an input circuit. This circuit is distinct
from the circuit of FIG. 35 in that PMOS 16B in second

25 protection circuit 13B is replaced with an NMOS 20B.
NMOS 20B has its drain connected to supply voltage Vecc,

its source connected to the connection point of NMOSs



its gate connected to input termnal 11. To input termnal 11 is connected
one end of the - 26 - source-to-drain current path of a second voltage
suppressi on NMOS 12B, which has its gate connected to the 3.3V system
supply voltage Vcc. To the other end of the current path of NMOS 12B is
connected a second 5  ~protection circuif313B which conprises a PMOS 16B
and an NMOS 17B as in first protection cifCuit 13A. In this protection
circuit, PMOS 16B has its source and gate connected to supply voltage Vcc
and its drain connected to the other end of the current path of NMOS 10

12B, while NMOS;3BBahasiihs afdr §esagdteatenaechedt €8 rarbebacenaappuppd! v
vol tage Vss and its drain connected to the other end of the current path of

NMOS 12B. That vslthBe Vestures of the circuit of FIG 23 are that first
and second NMOSs 12A and 12B are used as 15 vol t age suppressi on NMOSs,

t he source-to-drain &orkbas pmbhdédmehitr s WNRDI,18Ance despodeprosenddon

I nput termnal 11 and first protection circuit 13A and the source-to-drain
current path of ciscuad MSBsproBerss the internal circuit from ESD

5 breakdown, first protection circuit 13A is merely used
as supplement. Thus, it is allowed to make the MOS
transistors in first protection circuit 13A small in
comparison with those in second protection circuit 13B.
Alternativély, first protection circuit 13A may be

10 omitted as in éltwenty-ninth embodiment circuit shown
in FIG. 41.

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

15 from the circuit of FIG. 39 in that a protection
resistor 19 is connected between input terminal 11 and
one end of the current path of first NMOS 12A. This
circﬁit can prevent a surge voltage applied to input
terminal 11 from being impressed to protection circuit

20 13A immediately for the same reason as in the circuit:
of FIG. 14, thus further increasing the resistance to
ESD breakdown.

As with the twenty-seventh embodiment, in the-
twenty-eighth embodiment, since second protection

25 circuit 13B protects the internal circuit from ESD
breakdown, first protection circuit 13A is merely used

as supplement. Thus, the MOS transistors in first



di,sposed between input termnal 11 and second protec- 20 tion circuit
13B. In the input circuit thus arranged, when a 5V signal is applied to
input termnal 11, the voltage at each of those sources or drains of NMOSs
12A and 12B which are respectively connected to first and second 25
protection circuits 13A and 13B will nat g@ higher than (Vcc - Vtn) where
Vtn is the threshold voltage of NMOSs 12A and 12B because the gates of
NMOSs 12A and 12B are - 27 - each connected to the the supply voltage
Vcc of 3.3V. Thus, a voltage of 5V is not applied between the gate and
source and bet weerttelrd igat e izamohidy di3A afarne dsh maEdeNddBel 11 3A arminpidfi son
Li kewi se, a voltage of 5V is not 5 i npressed between the gate and source
and bet ween t hewjdihe thasairia sasfonsh @rajfedPNmss clixcuigA 3R+ 168 tart NMOSs
15, 17A and 17B. For this reason, none of the MOS transistors, including
the transi st or s Bafifvelst, fidsde RIRFGFERL GGt AR a3 ey mmitamed suf f er
ate- 10 oxi de Qreakd .. Wien a _surge voltage s lied to input
?erninal as %n.%.éﬂ%}tiet embodf%ent circuit s J&n in FIG.FQZ.
5 FIG. 43 shows an interface circuit according to a
thirty~-first embodiment of the invention which is
applied to an input circuit which, as with the circuit
of FIG. 3, is constructed by the use of a process
adapted to 3.3V supply system and permits entry of
10 signals adapted to 5V supply system. To input terminal
11 is connected one end of the source-to-drain current
path of voltage suppression NMOS 12 the gate of which
is connected to 3.3V supply voltage Vecc. The other end
of NMOS 12 is connected to the common gates of PMOS 14
15 and NMOS 15 in the input stage of the internal circuit.
PMOS 14 and NMOS 15 have their drains connected
together and NMOS 15 has its source connected to
reference supply voltage Vss. A signal at the common
drains of PMOS 14 and NMOS 15 is fed to the inside of
20 the ihtegrated circuit. Between supply voltage Vcc and
the source of PMOS 14 is connected the source-to-drain
current path of PMOS 18, which has its gate connected
to input terminal 11.
To the other end of the current path of NMOS 12 is
25 connected the drain of NMOS 21, which has its source

and gate connected to reference supply voltage Vss.

Further, to'input terminal 11 is connected the source



11, on,the other hand, it is passed to the supply voltage Vcc or the
reference supply voltage Vss through second NMOS 12B and a parasitic PN

di ode present 15 bet ween the drain and back gate of PMOS 16B or a
parasitic PN di ode present between the drain and the back gate of NMOS 17B
I n second protection circuit 13B, thus_prggecting the internal circuit from
ESD br eakdown. 20 In the circuit of FIG 23, since second
protection circuit 13B protects the internal circuit from ESD breakdown,
first protection circuit 13A is nerely used as suppl enent. Thus, the MOS
transi stors in 6ErS¥OPr 22ecwhbohchasuitsl8Aatancbenentiedstel supplyonpari son

25 with those in second protection circuit 13B. Alter- natively, first
protection circublitaga Weg andoktstgatascpnnentedobet nedehaentedi. nrethe
circuit shown in - 28 - FIG 26. FIGS. 24 and 25 show interface circuits

accordi ng to tvePPRAChAENt RPEREAEnNURESdLAeARd 8-t he invention which are

each applied to an input circujt. _The i nput
PP Tﬁat gs, the features of the circuit are that the

5 source-to-drain current pafh of voltage suppression
NMOS 12 is disposed between input terminal 11 and the
input stage of the internal circuit, NMOS 21 is
connected between the other end of the current path of
NMOS 12 and Vss, and an NMOS 22 is connected between

10 input terminal 11 and Vcc, the gate of which is
| connected to receive a signal that passed through
NMOS 12.
In the input circuit thus arranged, when a surge
voltage of negative polarity is appiied to input
15 terminal 11, it is passed to the reference supply
voltage Vss through NMOS 12 and a parasitic PN diode
present between the drain and the back gate of NMOS 21.
As long as a signal voltage at input terminal 11
is in the range of Vss to Vcc, on the other hand, NMOS
20 12 will never turn ON. The reason is that, since the
gate of NMOS 12 is fixed at Vcc, the voltage Va at
node a to which the other end of the current path
of NMOS 12 and NMOSs 21 and 22 are connected is
(0 = Va =Vcc - Vtn) where Vtn is the threshold '
25 voltage of NMOS 12. And, when a signal voltage applied
to input terminal 11 is Vcc (high level), the gate-to-

source voltage Vgs of NMOS 22 is Vgs = 0, so that NMOS



5. circuit of FIG 24 is distinct fromthe circuit of FIG 23 in that a
protection resistor 19 is connected between input termnal 11 and the
connection point between the gate of PMOS 18 and the source-to-drain
current path of each of first and second NMOSs 12A and 10 12B. In the
input circuit of FIG 25, two separate_reggstars 19A and 19B are used in
pl ace of protection resistor 19 used in the circuit of FIG 24, resistor
19A bei ng connected between input termnal 11 and first NMOS 12A and

resi stor 19B bei ng connected between input 15 termnal 11 and the gate
of PMOS 18. For22hbtusnseOF€asofhdescri vedtrgecofinb¥t wddlwnekrerhbe

enbodi nents of FIGS. 14 and 15, the enbodinents of FIGS. 24 and 25 as well
can prevent a s@PB&éied| tegbhgppnpul e&apepef theniRipraalf céwcHiitng

I npressed to 20 protection ¢ircuit 13A and the |i ke imediately, thus
further increasing rB8FBt 8nPOSLEIESDSHFEEKYBHT2IRs NENR L FBaB &P&nt h

mbodi , in th |fth_and thirteenth.enbodi nents, s d,
or ot ect on’ ci 1 cHRBPHIGYRAORER: Yornds| REELAGR £r AOPLL) FORPReBLo8L, Lt

o eakoous I11 S aPEAkREH BB, SKECUhEehah MIGETER Ml EoRRReRYERL RN | [
conpari son bipolar transistor formed of the drain, back gate, and
source of NMOS 22. Even if, therefore, a surge voltage
is applied to input terminal 11, gaﬁe-oxide breakdown
will not occur though the source of NMOS 22 is
10 connected to input terminal 11.
| FIGS. 44 and 45 show interface circuits according
to thirty-second and thirty-third embodiments of the
invention which are eéch applied to an input circuit.
The input circuit of FIG. 44 is distinct from the
15 circuit of FIG. 43 in that a protection resistor 19 is
connected between input terminal 11 and one end of the
current path of NMOS 12. 1In the input circuit of
FIG. 45, two separate resistors 19A and 19B are used
instead of protection resistor 19 used in the circuit
20 of FIG. 44, resistor 19A being connected between input
terminal 11 and NMOS 12A and resistor 19B being
connected between input terminal 11 and the gate of
PMOS 18. |
The thirty-second and thirty-third embodiment
25 circuits of FIGS. 44 and 45 can prevent a surge voltage
applied to input terminal 11 from being impressed to

voltage suppression NMOS 12 and the internal circuit



-, 29 -, with those in second protection circuit 13B. Alter- natively, first
protection circuit 13A may be omtted as in a fifteenth enbodi ment circuit
shown in FIG 27 or a sixteenth enbodinment circuit showmn in FIG 28. 5

FIG 29 shows an interface circuit according to a seventeenth enbodi nent of
the invention which is applied to an iapuggciccuit which is constructed by
the use of a process for 3.3V supply systemand permts entry of signals
for 5V supply system This circuit is 10 distinct fromthe circuit of
FIG 23 in that PROSs 16A and 16B in first and second protection circuits
13A and 13B areimmplaaedly,t bhilbOFar2BAratdc2@Bsingsphet iresliigtahBSt20A has
Its drain connected to the supply voltage Vcc, its source connected to the
common gat es of EBNMOBréBkdowid and NMOS 15, and its gate connected to the
reference supply voltage Vss. NMOS 20B has its drain connected to the
supply vol tage Vcc, FE&.sdérsbovsnaBcliagerdarRecésrnast REROFOLAT &P RMOSs

12B and 17B, and its gate connected to the reference supply.voltage Vss. 20
The circuit thulhaFtingeyrel GPQPSﬁ@FnFr8%1Fﬁ§ &PV@BFﬁogfwéPeg 28 in that,

when a 3“296 VOL%SQEeSfto an input circuit which, as with the circuit
of FIG. 3, is constructed by the use of a process
adapted to 3.3V supply system and permits entry of
signals adapted to 5V supply system. To input terminal
11 is connected one end of the source-to-drain current
10 path of a first voltage suppression NMOS 12A the gate
| of which-is connected to 3.3V supply voltage Vcc. To
the other end of the current path of NMOS 12A is
connected the drain of an NMOS 21A for protection
against ESD, which has its source and gate connected to
15 reference supply voltage Vss. The other end of the
current path of NMOS 12A is connected to the common
gates of PMOS 14 and NMOS 15 in the input stage of the
internal circuit. PMOS 14 and NMOS 15 have their
drains connected together and NMOS 15 has its source
20 connected to reference supply voltage Vss. A signal at
the common drains of PMOS 14 and NMOS 15 is fed to the
inside of thé integrated circuit. Between the supply
voltage Vcc and the source of PMOS 14 is connected the
source~to-drain current path of PMOS 18, which has its
25 gate connected to input terminal 11.
To input terminal 11 is connected one end of the

source-to-drain current path of a second voltage



" positiye polarity is applied to input terminal 11, it is passed to Vcc by
the transistor action of an NPN parasitic bipolar transistor consisting of
t he source, 25 back gate and drain of each of NMOSs 20A and 20B in
protection circuits 13A and 13B. In this enbodinment, since second
protection - 30 - circuit 13B protectssghenternal circuit from ESD
breakdown, first protection circuit 13A is used as supplenent. Thus, the
MOS transistors in first protection circuit 13A can be nade small in
conparison 5 with those in second protection circuit 13B. Alter-
natively, first sppprestsiion IMOSUIl2E],3Ahimh bhasorditist eetes domnechesntticet h
enbodi ment circuit showm in FIG 32. FIGS. 30 and 31 show interface
circuits accordiBngvt sysitgm sappd yave Ltiage: Jeet.h &iehddiemervhervendh@£10

i nvention which are each applied to an input circuit. The input circuit of
FIG 30 is distithet curgenth@adh afi NMOS fi28 img qonngededs thep de@din pf
resistor 19 i s connected bet n input termnal 11 and the connection point
bet ween the gat 80P %"?%Cgﬁg‘a@né‘té‘né%‘frcten@nd gate connected to

5 reference supply voltage Vss. The gate of NMOS 22,
which has its source connected to input terminal 11 and
its drain connected to Vecc, is connected to the other
end of the current path of NMOS 12B, i.e., the
connection point of NMOS 12B and NMOS 21B.

10 That is, the circuit is characterized in that NMOS
12B and NMOS 21B are added to the circuit of FIG. 43.
With the circuit of FIG. 46, when a 5V signal is
applied to input terminal 11, the voltage at the other
end of the current path.of NMOS 12A will not go higher
15 than (Vcc - Vtn) where Vtn is the fhreshold voltage of
NMOS 12A because the gate of NMOS 12A is connected to
the 3.3V supply voltage Vcc. Thus, a voltage of 5V is
not applied between the gate and source and between the
gate and drain of NMOS 12A. Such is the case with each
20 of PMOS 14 and NMOS 15. PFor this reason, these MOS
transistors will not suffer gate-oxide breakdown.
When a surge voltage is applied to input terminal
11, on the other hand, it is passed to the reference
supply voltage Vss or the supply voltage Vcc through
25 NMOS 12B and NMOS 21B or NMOS 22, thereby protecting
the internal circuit from ESD breakdown.

FIGS. 47 and 48 show interface circuits according



15  source-drain path of each of first and second NMOSs 12A and 12B. In
the input circuit of FIG 31, two separate resistors 19A and 19B are used

i nstead of protection resistor 19 used in the circuit of FIG 30, resistor
19A bei ng connected between input termnal 11 and NMOS 20 12A and
resistor 19B being connected between inpyhp termnal 11 and the gate of PM3S
"18. As with the seventeenth enbodi nent circuit, in the eighteenth and

ni net eenth enbodi ment circuits, since second protection circuit 13B

protects the internal 25 circuit from ESD breakdown, first protection
S circuit 13A istgsediaeyS¥REAMBAY. thikey-ERethNOBmbbanmeater &£ hki r st
protection circuit 13A can be made small in - 31 - conparison wth those

i n second prot ¢éaveasionr ehithlaBe Akthr agpiliely tof ahstinpuet ediricadtCi rcui t
13A may be omitted as in a twenty-first enbodinent circuit showmn in FIG 33
or a twenty-sefhbhediepbtdciecniti pEuFIGShdWnis distincEl GrodthEl G 35 shows
an interface circuit according to a twenty-third enbodi nent of the
i nventi on whi cgigsuit of FIG. 46 in that a protection resistor 19 is
5 connectea between input terminal 11 and one end of the
current path of each of NMOSs 12A and 12B. In the
input circuit of FIG. 48, three separate resistors 193,
19B and 19C are used instead of protection resistor 19
used in the circuit of FIG. 47, resistor 19A being
10 connected between inpdt terminal 11 and NMOS 12A and
resistor 19B being connected between input terminal 11
and the gate of PMOS 18, and resistor 19C being
connected between the other end of the current path of
NMOS 12B and the gafe of NMOS 22. |
15 ' The thirty-seventh and thirty-sixth embodiment
circuits of FIGS. 47 and 48 can prevent a surge voltage
applied to input terminal 11 from_being impressed to
voltage suppression NMOS 12A and the internal circuit
immediately, thus further increasing the resistance to
20 ESD breakdown.

FIG. 49 shows an interface circuit according to a
thirty~-seventh embodimenf of the invention which is
applied to an input circuit which, as in FIG. 4, is

_ constructed by the use of a process for 3.3V supply
25 system and permits entry of signals for S5V supply

system. This circuit is distinct from the circuit of

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



applied to an input circuit which is constructed by the use of a process
for 3.3V supply systemand permts 10 entry of signals for 5V supply
system This circuit is distinct fromthe circuit of FIG 23 in that PMOS
18A is omtted and PMOS 16A in first protection circuit 13A is replaced

w th an NMOS 20A. NMOS 20A has its drain ggnnected to the supply voltage
Vcc, its source 15. connected to the common gates of PMOS 14 and NMOS
15, and its gate connected to the reference supply voltage Vss. Thus, first
and second protection circuits 13A and 13B nmay differ fromeach other in
arrangenent. | ndvastagdois nenbstantialpcohd paméeasi bhaOof thercuit 13B
protects the internal circuit from ESD breakdown, first protection circuit
13A is nmerely uskdcabt soppFEEent3. Thus, the MOS transistors in first

protection circuit 13A can be nmade snmall in conparison with those in second
protection circuit 1BH-APPefhows an ppteplpge FLFCRip,3FEER¥RLAICEPCRIt 13A

mey pe omtted 851 L0y 2 L9BD Vel b i InSTROGE"BRL ShISHLLRNONEAN:E' G 37
5 applied an input circuit. This circuit is distinct
from the circuit of FIG. 49 in that a protection
resistor 19 is connected between input terminal 11 and
the connection point of the current paths of NMOS 12
and NMOS 22. This circuit can prevent a surge voltage
10 applied to input terminal 11 from being impressed to
protection.circuit immediately for the same reason as
in the circuits of FIGS. 14, 15, 17 and 18, thus
further increasing the resistance to ESD breakdown.

FIG. 51 shows an interface circuit according to a

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

20 the current path of NMOS 12.

FIG. 52 shows an interface circuit according to a
fortieth embodiment of the invention which is applied
to an input circuit which, as in FIG. 4, is constructed
by the use of a process for 3.3V supply system and

25 . permits entry of signals for 5V supply system. This
circuit is distinct from the circuit of FIG. 46 in that

PMOS 18 is omitted. Thus, the advantage is



FIG 36 shows an interface circuit according to a twenty-fourth enbodi ment
of the invention which is applied an input circuit. This circuit is
distinct fromthe circuit of FIG 35 in that a protection 5 resistor 19
i's connected between input termnal 11 and one end of the current path of
NMOS 12A. This circuit can prevent a surgejvoltage applied to input

termnal 11 frombeing inpressed to protection circuit 13A imediately for
the sane reason as in the circuit of 10 FIG 14, thus further increasing
the resistance to ESD breakdown. As with the twenty-third enbodi nent, in

t hi s enbodi ment substaatiaddyd theotsamtel as thatuicf The prictomdits cifhe i nter nal

circuit from ESD breakdown, first 15 protection circuit 13Ais nerely
used as suppl enFdG. #ous, the MOS transistors in first protection circuit
13A can be nade small in conparison with those in second protection circuit

13B. Alternatively, FiIfat 53r shews r dnternface’ fimgpite asHonddadadd @ a
twenty- 20 si Xt h enhodi nent ci,rcuit sho in FIG, 38. FIG 39 shows an
interface circufPrATcoidshy embod impat: Pis HERVERFIEREEF iShe i nvention

which is plied tg.an inpyt circyit. .This circuit is distinct fraomthe
Circuit ofS Pl G SBBLARS: R 1PRSS F38 oM tvecditis circult is distinct

from the circuit of FIG. 52 in that a protection
resistor 19 is connected between input terminal 11 and
the connection point of the current paths of NMOS 12A
and NMOS 12B. This circuit can prevent a surge voltage
10 applied to input terminal 11 from being impressea to
protection circuit immediately for the same reason as
in the circuits of FIGS. 14, 15, 17 and 18, thus
further increasing the resistance to ESD breakdown.
FIG. 54 shows an interface circuit according to
15 a forty-second embodiment of the invention which is
applied to an input circuit. The input circuit of
FIG. 54 is distinct from the ciréuit of FIG. 53 in that
two separate resistors 19A and 19B are used instead of
protection resistor 19 used in the circuit of FIG. 53,
20 resistor 19A being connected between input terminal 11
and NMOS 12A and resistor 19B being connected between
the other end of the current path of NMOS 12B and the
gate of NMOS 22.
FIG. 55 shows an interface circuit according to a
25 fourth-third embodiment of the invention which is
applied to an output circuit which, as in FIG. 5, is

constructed by the use of a process adapted to 3.3V



25 protection circuit 13Bis replaced with an NMOS 20B. NMOS 20B has its
drain connected to supply voltage Vcc, its source connected to the
connection point of NMOSs - 33 - 12B and 17B, and its gate connected to
reference supply voltage Vss. In this enbodinent as well, since second
protection circuit 13B protects the intergmal circuit fromESD 5

"breakdown, first protection circuit 13A is nerely used as suppl enent.

Thus, it is allowed to nmake the MOS transistors in first protection circuit
13A small in comparison with those in second protection circuit 13B
Alternatively, sipgly mytesmil orlcis cuittput3 A insguibte i) basiorallyed as in a
twenty-ni nth enbodi nent circuit shown in FIG 41. FIG 40 shows an

i nterface circunramsst diog ar the were yhandghtdutpdiod feirlgh-ofexake i nventi on
which is applied an input circuit. This ¢ircuit is distinct 15 fromthe
circuit of FlGsizmalh wtage prrectd ofV ¥ diren Gin mptent gigvaeinal bd3 ween

input termnal 11 and one end qof the current path of _first NMOS 12A. This
by controlling the gate of an output PMOS 32 in

5 accordance with an output of a NAND gate 31 when it
receives an input signal INPUT at a high level of 3.3V
supply system and an output enable Signal ENABLE and,
on the other hand, output a low-level signal voltage
(Vss: 0V) from output terminal 33 by controlling the

10 gate of an output NMbS 35 by an output of an NOR gate
34 when it receives a low-level input signal and the
inverse of the output enable signal ENABLE.

To output terminal 33 is connected one end of the
source~-to-drain current path of a Qoltage suppression

15 NMOS 36, the other end of which is connected to the
drain of NMOS 35 and a protection circuit 37. The gate
of NMOS 36 is connected to Vece. The protection circuit
37 is composed of a PMOS 38.and an NMOS 39. PMOS 38
has its source and gate connected to Vcc and its drain

20 connected to the connection point of NMOSs 35 and 36,
while NMOS 39 has its source and gate connected to Vss
and its drain connected to the connection point of
NMOSs 35 and 36.

In the output circuit thus arranged, output

25 terminal 33 is connected to a bus line not shown.

Thus, there is a possibility that a circuit connected

to that bus line may 6utput a voltage of 5V. 1In such



circuit can prevent a surge voltage applied to input termnal 11 from being
| npressed to protection circuit 20 13A imedi ately for the sanme reason
as in the circuit of FIG 14, thus further increasing the resistance to ESD
breakdown. As with the twenty-seventh enbodi nent, in the twenty-eighth
enbodi ment, since second protection 25_ 4girguit 13B protects the internal
circuit fromESD breakdown, first protection circuit 13A is nerely used as
suppl ement. Thus, the MOS transistors in first - 34 - protection circuit
13A can be nade small in conparison with those in second protection circuit
13B. Alter- nataveaye,fthis podtageéi Hhs apptied t3Aoumpubetemmihedl 33.in a
thirtieth enbodinment circuit shown in FIG 42. 5 FIG 43 shows an
interface circuAt ttsrgointt othetwbltagéi att orabofli that sohrckeandvthei on
which is applied to an input circuit which, as with the circuit of FIG 3,

i s constructed @yaineofis¥M@$s 36pthatsisagapneated Bol3prateptiocByst em and

permts entry of 10 . signals adapted to 5V suppl¥ system To_i nput
t er mi nal circuit 37 will not go higher than {Vec - Vtn) where

5 VEn is the threshold voltage of NMOS 36 because the
gate of NMOS 36 is connected to the 3.3V supply voltage
Vce. Therefore, a voltage of 5V is not applied between
the gate and source and between the gate and drain of
NMOS 36. Such is the case with NMOS 35. For this

10 reason, no gate-oxide breakdown occurs in all MOS
transistors including the MOS transistors in protection
circuit 37.

When a surge voltage is applied to output terminal

33, on the other hand, it is passed to supply voltage
15 Vce ox referencé supply voltage Vss through NMOS 36 and

a parasitic PN diode present between the drain and back

gate of PMOS 38 or a parasitic PN diode present between

the drain and back gate of NMOS 39 in protection

circuit 37, thus.protecting.the internal circuit from
20 ESD breakdown.

Other MOS transistors than those described above
are provided as supplement for other purposes than
setting output terminal 33 to a high level or low
level. These MOS transistors used as supplement will

25 be described briefly. MOS transistors 40, 41, 42 and
43 are provided for avoiding cifcuit breakdown when a

voltage highef than Vcc, say, 5V, is applied to output



A1l is connected one end of the source-to-drain current path of voltage
suppression NMOS 12 the gate of which is connected to 3.3V supply voltage
Vcc. The other end of NMOS 12 is connected to the conmon gates of PMOS 14
15 and NMOS 15 in the input stage of the internal circuit. PMOS 14 and
NMOS 15 have their drains connected togeglper_and NMOS 15 has its source
“connected to reference supply voltage Vss. A signal at the common drains of
PMOS 14 and NMOS 15 is fed to the inside of 20 the integrated circuit.
Bet ween supply voltage Vcc and the source of PMOS 14 is connected the

sour ce-t o-dr ai terminagbt 3pat hThat PMOS 48sumbi thahashissogapetconnentied to

I nput termnal 11. To the other end of the current path of NMOS 12 is 25
connected the tsaim bhe \MOB-gtatehi cAthtbist posntr cBANRJgghee3tonnected to
reference supply voltage Vss. Further, to input termnal 11 is connected

t he source prgwidegfaNvignolevehi eRtRus . i t Yharaputevhnteredngd 3dpply

vol tage Vcc and its gate connected to_node_a i.g. t he cgnnecti on goint of
NVOSs 12 and 2%S biased to more than Vcc, PMOS 43 turns off, so tha

5 the common back gates of MOS transistors 32, 41, 42 and
43 are disconnected from Vecc. These back gates are
raised to a vbltage that is lower than 5V at output
terminal 33 by a VF (forward voltage drop across a PN
junction) through a PN junction between the drain and

10 back gate of each of PMOSs 32 and 42 and then stabilize.
Thus, leakage to the common back gates that would occur
normélly is avoided. On the other hand, a voltage of
5V at output terminal 33 is transmitted to the gate of
PMOS 32 via PMOS 42. For this reason, PMOS 32 will not

15 turn ON even if output terminal 33 is biased to a
higher voltage than Vecec, avoiding leakage to Vece. At
this point, PMOS 41 is connected to output terminal 33
the voltage at which is 5V and it is therefore
completely OFF. The gate of NMOS 40 is connected to

20 Vece. Thus, a voltage of Vcc or more transmitted to the
gate of PMOS 32 will not appear at the output terminal

. of NAND gate 31. MOS transistors 40, 41, 42 and 43
function as described above when a voltage of Vcc or
more is applied to output terminal 33.

25 Next, the operation when the voltage level at

output terminal 33 is changed to the low level will be

described. PMOS 43 turns ON because its gate voltage



That i,s, the features of the circuit are that the 5 source-to-drain
current path of voltage suppression NMOS 12 is di sposed between i nput
terminal 11 and the input stage of the internal circuit, NMOS 21 is
connected between the other end of the current path of NMOS 12 and Vss, and
an NMOS 22 is connected between 10 Lnpwg term nal 11 and Vcc, the gate
of which is connected to receive a signal that passed through NMOS 12. In
the input circuit thus arranged, when a surge voltage of negative polarity
is applied to input 15 terminal 11, it is passed to the reference supply
~vol tage Vss thrbapbs NM&s 12 resuibtpathei tomm@hl Haoklegpteseaf MOSween t he
drain and the back gate of NMOS 21. As long as a signal voltage at input
termnal " 11 is trandbstange3df 43s €8 &ud, 43narbebbabed hantheNWLS 20 12
will never turn ON._ The reason is that, since the gate of NMOS 12 is fixed
at Vcc, the vollegelva B¥ORo#t hasocawfreftine efhtraspfesringeachighnt path

of NMOS 12 and NMOSs 21 and 22 are connected is Lerr% where Vtn Ls the
threshol d 25 19%ftaQBtBRENREIABD gaRg 3hnkR Lhej gake 98 PMBE dfplied to

Pt Ler Al ek SO et NhalehSY hbop! RafobEibet EOHRESaY0h5008 XES O
a voltage sufficiently lower than Vcec.

MOS transistors 44 to 54 are provided for reducing
power supply noise at the time of switching. Assume'
now that outpﬁt terminal 33 is at the low level, that

10 is, input signal INPUT is at the low level. In this
case, PMOSs 47, 48 and NMOS 54 are ON and the connection
point of NMOSs 35 and 36 is at the low level. NMOS 50
is OFF since.the input signal is low, and the drain of
PMOS 45 is at the high level, so that PMOS 44 is OFF.

15 In this state, when the input signal is changed to the
high level, PMOS 47 turns OFF and NMOS 50 turns ON. As
a result, a current path is established from Vcc to the
connection point of NMOSs 35 and 36 through MOS
transistors 45, 46, 50 and 51. At this point, the

20 . voltage at the drain of PMOS 45 (the gate of PMOS 44)
falls from the initial voltage Vce, turning PMOS 44 ON.
Since NMOS 49 is ON from the beginning, a current flows
from Vec to the output terminal of NAND gate 31 through
PMOS 44 and NMOS 49. Since the input signal has gone

25 high, NAND gate 31 will inherently produce a low-level
output. However, ihe output of NAND gate 31 goes léw

slowly because of MOS transistors 44 and 49 connected



-. 36 -, 22 turns OFF. Thus, a voltage of 5V will never be applied to the

I nput stage of the internal circuit. Wen a positive surge voltage higher
than the supply voltage Vcc is applied to input termnal 11, it 5 S
passed to Vcc through NMOS 22 and a parasitic NPN bipolar transistor forned
of the drain, back gate, and source of- NM& 22. Even if, therefore, a surge
voltage is applied to input termnal 11, gate-oxide breakdown w |l not
occur though the source of NMOS 22 is 10 connected to input termnal 11.
FIGS. 44 and 45 show interface circuits according to thirty-second and
thirty-third entdddi ae.s s tehecaanddnt iRMOSWIZ HimrtheddnalpEtage t o an
input circuit. The input circuit of FIG 44 is distinct fromthe 15

circuit of FI Gtusas N soveYor AURRNSHS NG | B rgernenat icoh e tRWeet ween
input termnal 11 and one end of the current path of NMOS 12. In .the input
circuit of Fl GSURPI® R®if8rar AL dihator LhAUdtrIDMBtaldQised i nstead of

E;?LSCLLﬁReLEZ&S@%’g{%}é&?%S%& torke l\ﬁfidé:sméS 2aond 360fri@eGs g4r4a’duraelsli.1§taosf 19A
5 the voltage at output terminal 33 rises slowly. As a

result, the voltage at the drain of PMOS 45 also rises
gradually with the result that PMOS 44 is turned OFF.
.With PMOS 44 turned OFF, the output signal of NAND gate
31 goes fully high and stabilizes. Also, at the

10 switching time when the input signal is changed to the

| low level with the output terminal 33 at the high

level, the generation of power supply noise is likewise
suppressed. That essential part of the output circuit
of FIG. 55 which is adapted to set sutput terminal 33

15 to the low level is shown in FIG. 59.

FIG. 56 shows an interface circuit according to a
forty-fourth embodiment of the invention which is
applied to an output circuit which, as in FIG. 5, is
constructed by the use of a manufacturing process

20 adapted to 3.3V supply system. This circuit is
distinct from the circuit of FIG. 55 in that an NMOS 55
having its gate connected to.Vss is used in place of
PMOS 38 in protection circuit 37. In this circuit,
when a surge voltage of positive polarity is applied to

25 output terminal 33, it is psssed to Vss by the
transistor action of a parasitic bipolar transistor

associated with NMOS 55 in protection circuit 37. For



term pal 11 and NMOS 12A and resistor 19B being connected between input
termnal 11 and the gate of PMOS 18. The thirty-second and thirty-third

enbodi nent 25 circuits of FIGS. 44 and 45 can prevent a surge voltage
applied to input termnal 11 from being inpressed to voltage suppression
NMOS 12 and the internal circuit -.3749 iomedi ately, thus further

increasing the resistance to ESD breakdown. FIG 46 shows an interface
circuit according to a thirty-fourth enbodi nent of the invention which is 5
applied to an input circuit which, as with the circuit of FIG 3, is
construct ed byats$ergeevoltagerofesegatapeegolardtd)y sheptyrsustem and
permts entry of signals adapted to 5V supply system To input termnal 11
i's connected ofPperatiesf inhtheospne- manuedi aAscbheeairg¢oit ofaFRGef 58.fir st

vol tage suppressi on NMOS 12A the gate of which is connected to 3.3V supply
vol t age Vcc. T%hﬁﬁeeﬁﬁﬁEFléﬁdPB¥ttﬂ§ Eh?r@HPPBEtﬁlBFuhﬁ(Bfl§AG|s Eonnect ed

the drain of a“nﬁk 1§1§a£8£e8 géegé output terminal 33 to .the low

5 level is shown in FIG. 60.

FIG. 57 shows an interface circuit according to a
forty-fifth embodiment of the invention which is
applied to.an output circuit ﬁhich, as in FIG. 5, is
constructed by the use of a manufacturing process

10 adapted to 3.3V supply system. This circuit is
distinct from the circuit of FIG. 55 in that NMOS 38 in
protection circuit 37 is replaced with an NMOS 56
having its source-to-drain current path connected
between Vcc and output terminal 33 énd its gate

15 connected to the connection point of NMOSs 35 and 36;
NMOS 56 corresponds to NMOS 22 described in conjunction
with the circuit of FIG. 43. When a surge voltage of
positive polarity is applied to output terminal 33, it
is directly passed to Vcc through NMOS 56 without

20 passing through NMOS 36. That essential part of the
output circuit of FIG. 57 which is adapted to set
output terminal 33 to the low level is shown in
FIG. 61.

FIG. 58 shows an interface circuit according to a

25 forty-sixth embodiment of the invention which is
applied to an output circuit which is constructed by'

the use of a manufacturing process adépted to 3.3V



agai nst ESD, which has its source and gate connected to 15 ref erence
supply voltage Vss. The other end of the current path of NMOS 12A is
connected to the comon gates of PMOS 14 and NMOS 15 in the input stage of
the internal circuit. PMOS 14 and NMOS 15 have their drains connected
together and NMOS 15 has its source 20 4gonnected to reference supply
'voltage Vss. A signal at the common drains of PMOS 14 and NMOS 15 is fed
to the inside of the integrated circuit. Between the supply voltage Vcc and
t he source of PMOS 14 is connected the source-to-drain current path of PMOS
18, which has isuppdy sysj®m cithddiial qigrduigut terovtput terminghpid
termnal 11 is connected one end of the source-to-drain current path of a
second vol t age 18 Q°1'H¥?Q %q,uﬁﬂ%s%f}%rpﬁ\lm BTG L Hesin tEQUREARE connect ed
to 3.3V system suppl age Vee. To the other end of the current path of
NMOS 12B is corﬂ?«ﬁlégf 5h Y OFt QDS URRF ST I HROF 130680 WRIE TP at e

connected to 5 reference S t e VS The gate of NNCg 22, which
has its source dshfEheFIRNS EQHin (fys tehn supply voltagde

5 Vcc. To the other end of the current path of NMOS 36A
is connected the drain of NMOS 35 serving as an output
transistor. |

To output terminal 33 is connected one end of the
source~to-drain current path of a second voltage

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

That is, the circuit of FIG. 58 is characterized
in that the second voltage suppression NMOS 36B is
added to the circuit of FIG. 57, and that the connection

20 point of NMOSs 36A and 35 is electrically isolated from
the connection point of the gate of NMOS 57 and the
source of NMOS 39.

In the circuit of FIG. 58, when a surge voltage is

applied to output terminal 33, it is passed to
25 reference supply voltage Vss or supply voltage Vcc
through NMOS 36B and NMOS 39 or NMOS 56, thereby

protecting the internal circuit against ESD breakdown.



Its drain connected to Vcc, is connected to the other end of the current
path of NMOS 12B, i.e., the connection point of NMOS 12B and NMOS 21B. 10
That is, the circuit is characterized in that NMOS 12B and NMOS 21B are
added to the circuit of FIG 43. Wth the circuit of FIG 46, when a 5V
signal is applied to input termnal 11, the valtage at the other end of the
current path of NMOS 12A will not go higher 15 than (Vcc - Vtn) where
Vtn is the threshold voltage of NMOS 12A because the gate of NMOS 12A is
connected to the 3.3V supply voltage Vcc. Thus, a voltage of 5V is not
appl i ed bet weenThae gasentahdlsparteofintthbetiwenithofgBr6.ah8 @hach as NMOS
12A. Such is the case with each 20 of PM3S 14 and NMOS 15. For this
reason, these MdSaptedstot eet aitputiotesmined gat &ookhdelprwedr¥ednisvhen a
surge voltage is applied to input termnal 11, on the other hand, it is
passed to the r&hevenée E&Epl $2vol tage Vss or the supply voltage Vcc
t hrough 25 NMOS 12B and N 21B or N 22, thereby protecgting the
internal circuit froﬁFESDgBrgggﬂﬁwﬁp FP@%E§2?eaﬁ&rﬁgl§hBapPﬁsépgagg a
cireuits %fcordkggrth—seventh embodiment of the invention which is

applied to an output circuit, which is distinct from

the circuits shown in FIGS. 57 and 61 in that the gate

of NMOS 56 is connected to the connection point of

NMOSs 35 and 36 by protection resistor 19 instead of

10 béing directly connected.

FIG. 64 shows an interface circuit according to a
fourth-eighth embodiment of the invention which is
applied to an output circuit, which is distinct from
the circuits shown in FIGS. 57 and 61. This circuit is

15 characterized in that first and second voltage suppres-
sion NMOSs 36A and 36B are provided, an NMOS 39A for
protection against ESD is connected to the connection
peoint of NMOSs 35 and 36A, and an NMOS 39 for protec-
tion against ESD and NMOS 56 are connected to NMOS 36B.

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

25 36A is used as supplement.

FIG. 65 shows an interface circuit according to a

fourth-ninth embodiment of the invention which is



-.39 -, tothirty-fifth and thirty-sixth enbodi nents of the invention which
are each applied to an input circuit. The input circuit of FIG 47 is
distinct fromthe circuit of FIG 46 in that a protection resistor 19 is 5
connected between input term nal 11 and one end of the current path of each
of NMOSs 12A and 12B. In the input circuigpof-FI G 48, three separate
resistors 19A, 19B and 19C are used instead of protection resistor 19 used
in the circuit of FIG 47, resistor 19A being 10 connect ed between i nput
termnal 11 and NMOS 12A and resistor 19B being connected between input
termnal 11 andppideghtt &n AvEitutprt rebienid WoiSh ol s consiteesed
between the other end of the current path of NMOS 12B and the gate of NMOS
22. 15 byrdhe mse ek e anerest adartsd stxth Bhiowpdnt cTRERits of

FIGS. 47 and 48 can prevent a surge vaqltage: applied to input, ternpal 11
from being i nprddsBttt olsvdﬁoa‘@’éy%%ﬁ'ﬁréksﬁ‘_ n‘-rﬂﬁgﬁ}%‘%ﬁ_’%o‘: TFRingt g%%eu
br cakdoun.  FI G @RI o T o TRIE SV 1 HeeHh o Ty QO Hi rt y- sevent h
Fﬂb‘;?g”e% IOfS W Y TP Sk | Fod PRS0t AR ol Sl T Whi ch, - as
terminal 61 when it is used an output terminal, the
output stage is provided with PMOS 32 and NMOS 35 as
shown in FIGS. 55 and 58. In FIG. 65, however, there
is shown only thét essential part of the circuit which
10 is adapted to set input/output terminal 61 to a low
| level. That is, to input/output terminal 61 is
connected one end of the source-to~-drain current path
of voltage suppression NMOS 36, the other end of which
is connected to the draih of NMOS 35 in the output
15 stage through protection circuit 62. The gate of NMOS
36 is connected to Vecc. To the other end of the
current path of NMOS 36 is connected the common gates
of a PMOS 63 and an NMOS 64 in the input stage through
protection circuit 62. The drains of PMOS 63 and NMOS
20 64 are connected together. A signal at the common
drains of PMOS 63 and NMOS 64 is fed into the integrated
circuit. The source of NMOS 64 is connected to Vss.
Between the sourcé of PMOS 63 and Vcc is connected the
source-to-drain current path of a through-current
25 preventing PMOS 65, which has its gate connected to
input/output términal 61.

The protection circuit 62 is composed of a PMOS 66



-cpnstructed by the use of a process for 3.3V supply 25 system and
permts entry of signals for 5V supply system This circuit-is distinct
fromthe circuit of FIG 43 in that PMOS 18 is onitted. Thus, the - 40 -
advantage is substantially the same as that of the circuit of FIG 43. FIG
50 shows an interface circuit according tgia thirty-eighth enbodi ment of
the invention which is 5 applied an input circuit. This circuit is
distinct fromthe circuit of FIG 49 in that a protection resistor 19 is
~connected between input termnal 11 and the connection point of the current
pat hs of NMOS landnanNNM8S287, TRMOSchbchevivgnipsesonrce sudggatel t age 10
applied to input termnal 11 frombeing i npressed to protection circuit

i medi atel y forcensessag tea¥sf asdi Atfhdraipcgrnaested| 9. the 15 17 and

18, thus further |ncrea3|ng the r S|stanc§ to ESD breakdown. EIG 51 shows
an interface ci FRBRECALLHy Phﬁttﬁ aN¥BSs 35pppdy 3£ AP §N9§dﬁﬁeHPV&Pgthe

nvent on whi ch, s pplLled,tg 80 LNRUhASLEGH ko kS afh G ditsd sti et

5 connected to the connection point of NMOSs 35 and 36.

In the circuit thus arranged, when a voltage of 5V
is applied to input/output terminal 61, a voltage which
is lower than 3V (Vcc) by Vtn (= threshold voltage of
NMOS 36) appears at the connection point of NMOSs 35

10 and 36 as described previously, thus protecting the MOS
| transistors in the output and input stages from gate-
oxide breakdown.

When a surge voltage is applied to input/output
terminal 61, it is passed to Vcc of Vss through NMOS 36

15 and PMOS 66 or NMOS 67 in protection circuit 62, thus
preventing ESD breakdown.

FIG. 66 shows an interface circuit according to a
fiftieth embodiment of the invention which is applie&
to an input/output circuit which is constructed by the

20 use of a process adapted to 3.3V supply. This circuit
is distinct from the circuit of‘FIG. 65 in that a
resistor 68A, having the same function as resistor 19A
in FIG. 15, is connected between the other end of the
current path of NMOS 36 and the common gates of PMOS 63

25 and NMOS 64 in the input stage and a resistor 68B,
having the same function as resistor 19B in FIG. 15, is

connected between input/output terminal 61 and the gate



fromthe circuit of FIG 49 in that protection resistor 19 is connected

bet ween one end of the current path of NMOS 22, connected to input term nal
11, and one end of 20 the current path of NMOS 12. FIG 52 shows an
interface circuit according to a fortieth enbodi nent of the invention which
Is applied to an input circuit which, as 52 FLG 4, is constructed by the

use of a process for 3.3V supply system and 25 permts entry of signals
for 5V supply system This circuit is distinct fromthe circuit of FIG 46
in that PMOS 18.is omtted. Thus, the advantage is - 41 - substantially

the same as t haPfoPMPRe6&i ioutheofinpp€, sxgger|l G 53 shows an interface
circuit according to a forty-first enbodi nent of the invention which is 5
applied an input cir&&Fr. 67TRNOWE PBUARTRXIACE CAECTATOACCREAIMGC HY 2of
LG 82,0, el cacBrobection £esiabel 18, Lscoqsshad bebuegn ot
NMOS 12B. Thi s gbﬁiggh da r%%%ﬁk/%u%%&%ecﬁgk%ﬁ €which is constructed
5 by the use of a process adapted to 3.3V supply. This
circuit is distinct.from the circuit of FIG. 65 in that
PMOS 66 in protection circuit 62 is replaced with an
NMOS 69, which has its drain connecfed to Vec, its gate
connected to Vss and its source connected to the
10 connection point of NMOSs 35 and 36.
| In the circuit of FIG. 67, unlike the circuit of
FIG. 65, when a surge voltage of positive polarity is
applied to input/output terminal 61, it is passed to
Vee by the transistor action of a parasitic NPN bipolar
15 transistor consisting of the source, back gate and
drain of NMOS 69 in protection circuit 62.

FIG. 68 shows an interface circuit according to a
fifty-second embodiment of the invention which is
applied to an input/éutput circuit which is constructed

20 by the use of a process adapted to 3.3V supply. This
circuit is characterized in that resistors 68A and 68B
as used in the circuit of FIG. 66 are added to the
circuit of FIG. 67.

- FIG. 69 shows an interface circuit according to a

25 fifty-third embodiment of the invention which is

applied to an input/output circuit which is constructed

by the use of a process adapted to 3.3V supply. This



10 applied to input termnal 11 frombeing inpressed to protection
circuit imrediately for the sane reason as in the circuits of FIGS. 14, 15,
17 and 18, thus further increasing the resistance to ESD breakdown. FIG 54
shows  an interface circuit according to 15 a forty-second enbodi nent of
the invention which is applied to an ispu§3ciicuit. The input circuit of
FIG 54 is distinct fromthe circuit of FIG 53 in that two separate
resistors 19A and 19B are used instead of protection resistor 19 used in
the circuit of FIG 53, 20 - resistor 19A being connected between i nput
termnal 11 andeiNd3Bit2is achlaracterbzed 9Bnbthay BMOSe6? eiin bprokeatidn ot her
end of the current path of NMOS 12B and the gate of NMOS 22. FIG 55 shows
an interface ci¢ktuteitcedrimnghe occhrogit of oBEGh-6hi te vepbaradnvith t he

i nvention which is applied to an output circuit which, as in FIG.5, is
constructed by & 30 vhiehcbseg@iprient oin. Bynction b0 NMQS,5H

system This output. circuit_is basicall rran to, on the one hand
oﬁtput a high-l%@the cfrcuits o) FIGS.ysg andggf. ' | ’

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

10 as used in the circuit of FIG. 66 are added to the
| circuit of FIG. 69.

In each of the embodiments described previously,
in order to obtain the effects of the present invention
more certainly, it is preferable tﬁat voltage

15 'suppression NMOSs 12, 36 and NMOSs 17, 21, 39, 67
which, in the protection circuit, are connected to the
Vss side be placed close to one another in an
integrated circuit. Such is the case with voltage
suppression NMOSs 12, 26 and PMOSs 16, 38, 66 and NMOSs

20 20, 55, 69 each of which is connected to the Vcc side
in the protection circuit. This is because, when a
voltage suppréssion NMOS acts as a bipolar transistor
to thereby transmit a surge voltage to the protection
circuit side, it becomes easy for an NMOS in the

25 protection circuit as well to act as a bipolar
transistor to thereby pass the surgé voltage to the Vcc

side or Vss side.



si,gnal_vol tage (Vcc: 3.3V) froman output termnal 33 by controlling the
gate of an output PMOS 32 in 5 accordance wth an output of a NAND gate
31 when it receives an input signal INPUT at a high level of 3.3V supply
system and an out put enabl e signal ENABLE and, on the other hand, output a
| ow- | evel signal voltage (Vss: 0V) from olBidput- term nal 33 by controlling
the 10 gate of an output NMOS 35 by an output of an NOR gate 34 when it
receives a |owlevel input signal. and the inverse of the output enable
signal ENABLE. To output term nal 33 is connected-one _end of the
source-to-drain currémt 58 off the smbaddimands descnibesd prewoysiy s t he

other end of which is connected to the drain of NMOS 35 and a protﬁ&%#fn
circuit 37. Thefgk & ing & Qats qerngetedrire NSk dodi% cuit

Connect od Lo VeGOath TS FHANT0OF Tandred T 48 FEAAEA h point of
15 drain conneSPRAees thaaiin Reat s tist Ao AR IR g, hgc®
out put CiLCUi t s rs?l&ﬁﬂirptﬂj&t 0 in diidP @ obtdih GHYHRLALDL 2
bus |ine Mot shown. hus, there is a possibility that a circuit connected
: of the present invention more certainly. That is, the
effect of a CR lowpass filter consisting of resistor R
and gate capacitance can be expected when a surge
voltage mixed in the power supply voltage is applied to
10 the gate.
| As described above, according to the present
invention there is provided semiconductor integrated
interface circuits which can protect an internal
circuit from a surge voltage appliéd to an external
15 terminal and prevent the breakdown of a protection
circuit even when a signal voltage higher than a supply
voltage used in the internal circuit is applied to the

external terminal.



to that bus line may output a voltage of 5V. In such =43 - a CasE,

voltage is applied to output termnal 33. At this point, ne
of the source and the drain of NMOS 36 that is connectedli uMﬂ iﬁﬂ@ﬂfﬂ"m
* ) S %*

circuit 37 will not go higher than (Vcc - Vtn) where 5
threshol d voltage of NMOS 36 because the gafe of NMOXS 36 is connected t
the 3.3V supply voltage Vcc.- Therefore, a voltage of 5V is not applied
bet ween_the gate and source and between the gate and drain of NMOS 36. Such
is the"case with NMOS 35. For this 10 reason, no gate-oxi de breakdown
occurs in all
gircuit 37. Wien a surge voltage is applied to output termnal 33, ont

ot her hand,

drain and back gate of NMOS 39 in protection circuit 37,

it

Midhattr drssicliadmeed ridudi ng the MOS transistors in protecti

this

o

on
he

I s padsed Ao intErfiaosoldiagmits for Wise drs reefsneimrendugoydy
vol tage Vss through NMOS 36 and a parasitic PN di ode present between the
drain and back dattegyatRdOgiagwit cquprisiinig: PN di ode present between the

the internal circuit &% @#ternal terminal;

5

10

15

20

25

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

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

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

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

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

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

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

connected to a reference supply voltage and its source

t hus protecting



20

to a high | eve

25

circuit
hi gh- | evel

be described briefly.
for avoiding circuit breakdown when a vol
applied to out put -
isinthe tri-state.
out put .

| ow | evel . - These MOS transi stors used
MOS transi stors 40, 41, 42

or
%@ge_higher than Vcc, say, §V,

44 - term nal 33.

At this point, NAND gate 31 provides a

When output terminal 33 is biased to nore than Vcc,

skl

y ESD breakdown. Qther MOS transistors than those described-abeve—are—
provi ded as suppl enent for other purposes than setting OIHmUt ter m nal

3
|
"¥ed
is

hat is, assune that this output

PMOS

43 turns off, seohhatted tot kBeCothied kadk oFalsasdoculfdBnitr pathsoF sadd 41,

42 and 43 are di sconnected from Vcc.

vol t age t hat

These back gates are raised to a
| sfimatr NechanhelaMOSutranstietomalnd3 by a VF (forward

vol tage drop across a PN junction) through a PN junction between the drain

and 10

back gate of thizd ¥f-chensel320sndransistorhdavingbiiltisz soutngs,

| eakage to the common back gates that would occur normally is avoi ded. On
t he ot her hand,aadvgpﬁgggogpected to said reference supply voltage and

5

i0

15

20

25

its drain connected to the other end of said current

path of said first N-channel MOS transistor.

4. The interface circuit according to claim 1,

wherein said external terminal is a signal input

terminal.

5. The interface circuit according to claim 1,

wherein said external terminal is a signal output

terminal.

6. The interface circuit according to claim 1,

wherein said external terminal is a signal input/output

terminal.

7. An interface circuit for use is a semiconductor

integrated circuit comprising:

an external terminal;

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

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

supply voltage; and



5V at output termnal 33 is transmtted to the gate of PMOS 32 via PMOS 42.
For this reason, PMOS 32 will not 15 turn ON even if cmmlmuﬂmmmnmw
is biased to a hlgher vol tage than Vcc, avoiding | eakage

point, PMOS 41 is connected to output termnal 33 the vol t'agé at which s
5V and it is therefore conpletely OFF. _Thgate of NMOS 40 is connected to
20 Vcc. Thus, a voltage of Vcc or nore transmtted to the gate of PMOS
32 will not appear at the output term nal of NAND gate 31. MOS transistors
40, 41, 42 and 43 function as descri bed above when a voltage of Vcc or nore
is applied to output a eshdinchN-8han2fel MOS trandebdtor Homwparnaie on when t he
vol tage | evel at output termnal 33 is changed to the low level wll be
descri bed. PMOSpA®tegtieonOhayvdic@udd s tspupraee-toldreja currefi padtdils. As a
result, the conmon backd?ates of MOS transistors 32, 41, 42 and 43 are

bi ased to the VEONM@Fded batween {wadd imhammnadn PRI rTdada@nd reajid

| evel out put of NAND te 31 to . the gate off PMOS 325 w t hout an
vol t age drop Wh&X qgég its,igate connected to the other

5 end of said current path of said first N-channel MOS
transistor.

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

an external terminal;

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

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

9. The interface circuit according to claim 8,

20 wherein said protection circuit comprises:

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

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

and its drain connected to the other end of said



a voltage sufficiently I ower than Vcc. MOS transistors 44miﬁe§ﬁn919/’”””’//
provi ded for reduci ng power supply noise at the tinme of sw g. Assune
now t hat output termnal 33 is at the low |level, that 10 “hl
signal INPUT is at the lowlevel. 1In this case, PMOSs 47, m&\\

are ON and the connection point of NMOSs 3Hgand 36 is at th avel.

NMOS 50 is OFF since the input signal is low, and the drain of PMOS 45 is
at the high level, so that PMOS 44 is OFF. 15 In this state, when the

i nput signal is changed to the high level, PMOS 47 turns OFF and NMOS 50
turns ON. As a reemient gpeacth reefhitsapiad hf ixsste N-adHarmteld MO Aaes iotdhe
connection point of NMOSs 35 and 36 through MOS transistors 45, 46, 50 and
51. At this point, tHe 2Cfhe irndie¢mfipratcitmil accafdBMOXelcldaim §ate of
PMOS 44) falls fron1the initial voltage Vcc, turning PMOS 44 ON. Since NMOS
49 is ON from t harsjimiiaif pratgetinn f¢iovanit srampxiges t he out put

termnal of NAND gate 31 through PMOS 44 and NMOS 49. Since the input
si gnal has gone 25 aIﬁiﬁPHQWéQYEﬁRQ§¥IMQ§IFrQQﬁkﬁﬁﬂﬁI%ﬁYﬁQﬂh&ﬁﬁ rain

el SR o ST e R B oS R Y R Lo gl
' connected to a reference supply voltage and its source
connected to the other end of said current path of said
first N-channel_MOS transistor; and
a third N-channel MOS transistor having its soﬁrce
10 and gate connected to said reference supply voltage and
its drain connected to the other end of said current
path of said first N-channel MOS transistor.

11. The interface circuit according to claim 8,

wherein said external terminal is # signal input
15 terminal.

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

13. The interface circuit according to claim 8,

20 wherein said external terminal is a signal input/output
terminal.

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

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

connected at its one end thereof to said external



T
- 46 with Vcc. As a result, PMOS 32 in the final stage tuyr sl ow vy,
suppressing the generation of power supply noise. After t m ’@ﬁ#"mm},ﬁ

at the connection point of NMOSs 35 and 36 rises gradual |y +aS¢S5™ p ﬂ”
vol tage at output terminal 33 rises slowy. As a result, the voltage®at*
the drain of PMOS 45 also rises gradually ygth_the result that PMOS 44 i's
turned OFF. Wth PMOS 44 turned OFF, the output signal of NAND gate 31 goes
fully high and stabilizes. Al so, at the 10 switching tine when the input
signal is changed to the low level with the output terminal 33 at the high
| evel , the generwdimindl HodetosmPPlyd Ot SELs Soth&eVern® thpsessed. afdhat
essential part of the output circuit of FIG 55 which is adapted to set

out put term nal 3Bcdfmal ¢ixrdhit |avd | Bvel gatse stonmected| €0 &9. ikt&ndb
shows an interface circuit according to a forty-fourth enbodi ment of the

i nvention whi ch supplipl vebtagean output circuit which, as in FIG 5, is
constructed by the use of a nanufacturiqg rocess, 20 adapted to 3.3V
supply system This &i§e¢erdl-channedt @goﬁ¥%¥ﬁ4%F?Eu#?roﬁuPP€§5§5n9n

that an NMOS 55 havipng its gate connected to V%i is used in place of
5 a voltage having its source-to-drain current path

connected at one end thereof to said external terminal

and its gate connected to an internal supply voltage;

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

15. The interface circuit according to claim 14,
wherein said protection circuit comprises:
a P-channel MOS transistor haQing its source and
15 gate connected to said internal supply voltage and its
drain connected to the other end of said current path-
of said second N-channel MOS transistor; and
a third N-channel MOS transistor having its source
and gate connected to a reference supply voltage and
20 its drain connected to the other end of said current
path of said second N-channel MOS transistor.
16. The interface circuit according to claim 14,
wherein said protection circuit comprises:
a third N-channel MOS transistor having its drain
25 connected to said internal supply voltage, its gate
connected to a reference supply voltage and its sbu:ce

connected to the other end of said current path of said



PMOS 38 in protection circuit 37. In this circuit, when a surge voltage of
positive polarity is applied to 25 out put terminal 33, ”il, m w ﬂﬁ,ﬂm
Vss by the transistor action of a parasitic bipolar trans sl

with NMOS 55 in protection circuit 37. For - 47 - a surge voltage of
negative polarity, the circuit operates igothe sane manner as the circuit
of FIG 55. That essential part of the output circuit of FIG 56 which is
adapted to set output termnal 33 to the low 5 | evel is shown in FIG
60. FIG 57 shows an interface circuit according to a forty-fifth
enbodi nent of taecpondeNt+cbanneilcMOBstappbistiore andout put circuit which, as
in FIG 5, is constructed by the use of a manufacturing process 10
adapted to 3.3V supphyfepxt nN-Chﬁﬂ§eéYM@§iFrﬁ§séﬁ§9¢ngﬁvﬂﬂ9nﬂﬁﬁe circuit
of FIG 55 in that NMOS 38 in protection circuit 37 is replaced with an
NMOS 56 havi ng FPYrsgupBe- g8ter SPANEGErEntop&RAdc SRESEEBESHELRPLY Vcc and
out put term nal 3ftand ita gate 15 conne%tgd to.the cgnnection poi nt of
e er end of

NMOSs 35 and 3gVoitage an ts drain connec to the ot
5 said current path of said second N-channel MOS
transistor.

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

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

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

15 an external terminal;

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

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

a second N-channel MOS transistor for suppressing
a voltage having its source-to-drain currenﬁ path .

25 connected at one end thereof to said signal input
terminal and its gate connected to said internal supply

voltage; and



—_—
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NMOS 56 corresponds to NMOS 22 described in conjunction with the circuit of

FIG 43. Wien a surge voltage of positive polarity is apg,lmumnﬂﬂmﬂlm
terminal 33, it is directly passed to Vcc through NMOS 5 ,
passi ng through NMOS 36. That essential part of the output cirduif of AG
57 which is adapted to set output term.nalgi33_to the low |l evel is shown in
FIG 61. FIG 58 shows an interface circuit according to a 25

forty-si xth enbodi nent of the invention which is applied to an out put
circuit which is constructed by the use of a manufacturing process adapted
to 3.3V - 48 - suppbgconst emrgen proitectiioauictircud to eopmiectedntealthel i s
connected one end of the source-to-drain current path of a first voltage
suppr essi on NMOStBex endi oif Isadd curgend petheofesdatid BeRonduppichanystlem
supply vol tage 5 Vcc. To the other end of the current path of NMOS 36A
i s connect ed t hMO8r £rANGA-sNODS 35 serving as an output transistor. To

output termnal 33 is connected o?e end ;of the
20. The inter ace circuit according to claim 19,

5 wherein said first surge protection circuit comprises:

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

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

15 said second surge protection circuit comprises:

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

20 transistor; and

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

25 transistor.
21. The interface circuit according to claim 19,

wherein said first surge protection circuit comprises:



\

source-to-drain current path of a second voltage 10 reIﬁMIm 6B,
whi ch has its gate connected to 3.3V system supply voltage? y. %é”’l
end of the current path of NMOS 36B is connected to the drain oftN

The source-to-drain current path of NMOS 56, which has its gate connected
to the connection point of 15 NMOSs. 3% and. 36B, is connected between Vcc
and output termnal 33. That is, the circuit of FIG 58 is characterized in
that the second voltage suppression NMOS 36B is added to the circuit of

FIG 57, and that the connection 20 poi nt of NMOSs 36A and 35 is

el ectrically isol at ed fhiomd tNecheomresk tNQS tpoins isfor Hagaie Dfs MBSLR7 and
the source of NMOS 39. In the circuit of FIG 58, when a surge voltage is
appl i ed to out gannegieddio Fmid tintemakaupplysvoltags ericbR gatppl v

vol tage Vss or supply voltage Vcc through NMOS 36B and NMOS 39 or NMOS 56,

t her eby prot ectGHHEd BRrhHeTeTMNFe THRPHS tVESRIR andiok#e sourceg -

That essenti al art of the circuit, of FI 8 ichis
é%nnecte to the other en oP sg{H current path of said

5 second N-channel MOS transistor; and

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

10 transistor, and

said second surge protection circuit comprises:

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

15 of said second N-channel MOS transistor; and

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

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

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

25 terminal.

24. An interface circuit for use in a semiconductor.

integrated circuit comprising:



—_—
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~adapted to set output termnal 33 to the lowlevel is shown in FIG 62.

FIG 63 shows an interface circuit according to a 5 L " ”mmmmmﬂ
enbodi ment of the invention which is applied to an outp ,"" S
distinct fromthe circuits shown in FIGS. 57 and 61 in that the daté of
NMOS 56 is connected to the connection-poigat af NMOSs 35 and 36 by
protection resistor 19 instead of 10 being directly connected. FIG 64
shows an interface circuit according to a fourth-ei ghth enbodi ment of the

i nvention which is applied to an output circuit, which is distinct fromthe
circuits shown in Fl &. ibpuadduGputThiesminadyit is 15 characterized in
that first and second vol tage suppres- sion NMOSs 36A and 36B are provided,
an NMOS 39A for prot acfivstaljachenng3DNMPOS teansdssert dorhsuppmesstingn apoi nt
of NMOSs 35 and 36A, and an NMOS 39 for protec- tion against ESD and NMOS
56 are connect e¥odgagROBaydng 25 source-tprdrpilyd eygF@NfeRBtwhen a surge

voltage is applied to ouytput termnal, k33, it is passed to Vss or Vcc
through second GBPREEESSURSr B8i BRANKPEZEEE Ad SRIESLSHTIPUMNS 56, Thus,

om 5 D% §noerslafatNaha MBS A26ccRunRekedd O bt LatelhAg® SRRSO
voltage; :

a second N-channel MOS transistor having a gate
controlled by an internal signal and a source-to~drain
current path connected between a ground potential and

10 the other end of the source-to-drain current path of |
said first N-channel MOS transistor; and

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

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

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

20 of said first N-channel MOS transistor; and

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

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

a third N-channel MOS transistor having its drain



FIG 65 shows an interface circuit according to a fourth ni nt h enbodirenrt-

of the invention which is - 50 - applied to an |nput
which is constructed by the use of a process adapted to m/m m! WMJ"I
circuit is provided with an input/output termnal 61. |In*ordert

| nput/output circuit to output a 5 siggal at a high or low level from
input/output termnal 61 when it is used an output termnal, the output
stage is provided with PMOS 32 and NMOS 35 as.shown in FIGS. 55 and 58. In
FIG 65, however, there is shown only that essential part of the circuit
‘which 10 | s coBpéetietoteesaidpibteunplit supplynabléagep atbogakevel . That
I's, to input/output termnal 61 is connected one end of the source-to-drain
current path ofCQ@ﬁ?GEGdsDQpﬁesgf@nenmﬁfﬁgﬁpthvobthgﬁ and @tsmﬁpuhces
connected to the drain of NMOS 35 in the output - stage throu
protection circ&PRnegtedThe gheeohernerdsef §aé€nﬁE€F@§tt9a cofTead e
other end of th currenthgath of NMOS 36,is connected the common gates of a

PMOS 63 and an ted-Fhapnel; MRS txpagistarsugnd

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

27. An interface circuit for use in a semiconductor
10 integrated circuit, comprising:
| an input/output terminal;

a first N-channel MOS transistor for suppressing a
voltage, said first_N—channel MOS transistor having a
source-to-drain current path connecfed at one end to

15 said input-output terminal énd a gate connected to an
internal supply voltage;

a second N-channel MOS transistor having a gate
controlled by an internal signal and a gource-to-drain
current path connected between a ground potential and

20 the other end of the source-to-drain current path of
said first N-channel MOS transistor; and

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

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

a P~channel MOS transistor having its source and



>

protection circuit 62. The drains of PMOS 63 and NMOS 20 64 are

connected together. A signal at the common drains of P
is fed into the integrated circuit. The source of wagﬁlm,mﬂﬁ!w ﬂm
Vss. Between the source of PMOS 63 and Vcc is connected the sourncewtos n
current path of a through-current 25 _ prgyenting PMOS 65, which has its
gate connected to input/output termnal 61. The protection circuit 62 is
conposed of a PMOS 66 - 51 - and an NMOS 67, PMOS 66 having its source
and gate connected to Vcc and its drain connected to the connection point

of NMOSs 35 and gakeardnNddtdall ta\saigl iirteamale esupplygaiod teyenaenidedits Vss
and its drain 5 connected to the connection point of NMOSs 35 and 36. In
the circuit thusiraimaogpeohectiesh to \Wilde agthexf &5 icf agzpld ethrrerntnpathout put
termnal 61, a voltage which is | ower than 3V (Vcc) by Vtn (= threshold

vol t age of NMOSOE6)sadsh fdms tatNtghanngindAS dransimtast; awmdss 35 10 and
36 as described previously, thus protecting the MOS transistors in the

out put and i nput Sta§e§hﬁqgnqﬁﬂhgnnel MOS *transistor having its source

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

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

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

15 a fourth N-channel MOS transistor having its

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

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

drawings.



oxi de breakdown. When a surge voltage is applied to input/output term nal
61, it is passed to Vcc or Vss through NMOS 36 15 and PMOS 66 or NMOS 67
in protection circuit 62, thus preventing ESD breakdown. FIG 66 shows an
interface circuit according to a fiftieth enbodi nent of the invention which
is applied to an input/output circuit/ gphich is constructed by the 20 use
of a process adapted to 3.3V supply. This circuit is distinct fromthe
circuit of FIG 65 in that 'a resistor 68A, having the sane function as

resistor 19A in FIG 15, is conngpiPRD t he ot 83 INPdTCf the current
~ path of NMOS 36 and the comon Qﬂgé?E%R§¥?63 25 ac@ MPP 64 in the

i nput stage and a resistor 6 anzLLnn_as_L. stor 19B in
FIG 15, is connected betwee |nput/ % ut terh1n | 61 and the pate - b2
ge. showsj an i nterface cirfcuit

- of PMOS 65 in the input st
according to a fifth-first embodlnpn of [ the ijnvention whiich ig applied to
an input/output circuit which pn ugt ed : :
81
. . V\i\,“ ' 4! N84
| | 87 L
_ 86~ |
F l G. { I ' ] VSS - . _
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5 by the use of a process adapted to 3.3V supply. This circuit is
distinct fromthe circuit of FIG 65 in that PMOS 66 in protection circuit
62 is replaced with an NMOS 69, which has its drain connected to Vcc, its
gate connected to Vss and.its source connected to the 10 connecti on
point of NMOSs 35 and 36. In the circuit of FIG 67, unlike the circuit of
FIG 65, when a surge voltage of po2ikRQe polarity is applied to
input/output termnal 61, it is passed to Vcc by the transistor action of a

parasitic NPN bipolar 15  transi sting of the source, back gate
and drain of NMOS 69 in prot eche)n crrc |t 62. FIG 68 shows an interface
circuit according to a fifty-segon nt of the invention which is
applied to an input/output ci ril‘{ i $$| ct ed 20 0"/ (t:he use of
a process adapted to 3.3V suppl Thi CI rcu _é% charact qppzedy I n t hat
resistors ?ﬁé d 68B as used_in e cirjcuit of G 66 are a to the
circuit of FIG 6P |shQws o a 25
fifty-third errbodl FEnT—oT nvention whichjis appli €O an Tnput/ out put
circuit which is dqonstructged by the f a process| agmpted to 3.3V
supply. This VSS 4 {
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- 53 - circuit is characterized in that PMOS 69 in protection circuit 62 in
tthe circuit of FIG 67 is replaced with an NMOS 70 which is equivalent in
function to NMOS 56 in the circuits of FIGS. 57 and 61. 5 FIG 70
shows an interface circuit according to a fifty-fourth enbodi ment of the
invention which is applied to an input/output circuit which is constructed
by the use of a process adapted to 3 FVeeupply. This circuit is
characterized in that resistors 68A and 68B 10 as used in the circuit of
- FIG 66 are added to the circuit of FIG 69. In each of the enbodi nents
described previously, in order to obtain the effects_gf the present
invention nore certainly, it is preferable that volt 15 suppressi on
NMOSs 12, 36 and NMOSs 17, 21, 67 which, in thepprotection cirecuit, are
connected to the Vss side be pl dfe tg.ane ané{Redd n an integrated
circuit. Such is the case\Ba{k ol t,age guppr g

20,

s 12, 26 and PMOSs

16, 38, 66 and NMOSs 20 69 egch o S ogFnected to the Vcc
side in the protection circuit|. i bec a
{ ~94
86/

Vgs 2. 102
INPUT—— o SR 11&“

86
e B

ENABLE——{>0 fJ 103 Vgg
4 Vce Vss




vol tage suppression NMOS acts as a bipolar transistor to thereby transmt a
surge voltage to the protection circuit side, it becones easy for an NMOS
in the 25 protection circuit as well to act as a bipolar transistor to

t hereby pass the surge voltage to the Vcc side or Vss side. - 54 - 1In
each of the enbodi nents descri bed pr?viously, for each MOS having its gate
‘connected to Vcc like NMOS 36 in tHe/cA4 cuit of FIG 70, it is desirabie to
connect a gate protection resistor R between gate and 5 Vcc as shown in
FIG 71 in order to obtain trmaqae of the present invention nore
certainly. That is, the efy | owpass filter consisting of

resi stor R and gate capaci cejca e expected when a surge vol tage m xed
in the power supply voltagq i srdppl t YahO the gate. As described
above, according to the pr i ngentYonX¥here is provi sem conduct or
integratedwbgbﬁrface circuit i cH cd¥8Spdotect an interpal circuit froma
surge volt pplied tpla { o~

n
ovec
wsbid | ] %
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: 15 86 3
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15 term nal and prevent the breakdown of a protection circuit even when
a signal voltage higher than a supply voltage used in the internal circuit

is applied to the external termnal. _55- What is clainmed is: 1. An
interface circuit for use is a sem conductor integrated circuit conpri sing:
an external termnal; 5 a fig gtagt+ channel MOS transistor for

suppressing a voltage having its source-to-drain current ‘path connected at
- one end thereof to said external terminal and its gatevponnected to an
internal supply voltage; and 10 a protection OVE€uit agai nst surge
vol tage connected to the other end of said current path of said first
N-channel MOS transistor. 2. The interface circuit acg¢or ﬁﬁb to claim1l,

wherein said protection circuit conprises: 15 - channel MOS
transi stor having its source and gate con“@eted to gaird' igVggnal supply
voltage and its 114 o~1014
lNPUT—_————_]_i ~404 86
ENABLE —[>o—1 1 ~103 y
- | S
FI16G 12 Vss
Vee
|
~18
Vee !
vccie\ '),13
hd | rl Ly
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i 12 L| ~
S 15
i7 v
SS
FIG 13 Ve
Vee
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drain connected to the other end of said current path of said first
~N-channel MOS transistor; and a second N-channel MOS transistor having its
- 20 source and gate connected to a reference supply voltage and its drain
~connected to the other end of said current path of said first N-channel OS
transistor. 3. The interface circuit according to claim1l1, wherein said
protection circuit conprises: 25 6 / 202 second N-channel MOS transistor
having its drain connected to said internal supply voltage, |ts gate
connected to a reference supply v Vege and its source -

connected to the,eﬂﬂ& end of salécurrent path of said first N-] 9 el MOS
transi stor; a ransi stor havi ng Vs sou7 “ahl gat e
connected to aid y|vol tage and nected to
t he ot her end] of s of said flrst h?:Ql el t nS|stor

i
4. The interflce CI f Eto claim1, V\,he§_|n '_ivssr‘
i nal .

termnal is a

F16 19



10 5.
external term na

according to claiml1, wherein said external tern na

I nput/ out put 15

sem conductor integrated circuit conprising: an external term nal

N- channel MOS tran

Is a signal output term nal
terminal. 7. An interface ci

sistor for suppresgimngga 20

The interface circuit according to claiml, wher ei n said

6. The interface circuit

is a signal

rcuit for use is a

a first
vol tage having its

source-to-drain current path connected at one end thereof to said external

terminal and its gate connected to an internal supply voltage;
protection having i

N- channel MOS tran

Ssi s for su

NEe e

a second

N

urce- rain

current path 25 20 t be n the other eﬂﬂ oP0shiY cigre at h of
said first N—chﬁgfeﬁ\ rangiestqr, and a ref gqige €6 s\upsyyy e, ,and
-57- a third N cYannel ?aﬂbr for surge prPt ect THN 'T#g
sour ce-t o- dyal
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connected between said internal supply voltage and said external term nal
and its gate connected to the other 5 end of said current path of said
. first N-channel MOS transistor. 8. An interface circuit for use in a
* sem conductor integrated circuit conprising: an external termnal; 10
a first N-channel MOS transistor forg gugpressing a voltage having its
source-to-drain current path connected at one end thereof to said external

termnal and its gate connected to an internal supply voltage; Egt
©a protection circuit against surge voltage nected between the her end
- of said current path of said first N—chanﬂ’ transi stor @ an_internal
circuit. 9. The interface circujf accd g to clal 8, 20 in said
protection circuit conprises: a.i?charnel MOS t Qn haV|n its source
and gate connected to said inte lpply v It dra n connected
to the other end of said current pathjof sai CClr
transistor; and 25 a se¥ggd N-icihgpnel |st( V?h@ its
source and gate connected to a r ferercessup voI age
168 Vcc Li2a
§ —{E-~15
/ \423 {7A
~_ v
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and its drain connected to the other end of said -58- current path of
said first Nchannel MOS transistor. 10. The interface circuit according to
claim8, wherein said protection circuit conprises: a second N channel MOS
transi stor having its drain 5 connected to said internal supply voltage,
Its gate connected to a reference supply voltage and its source connected
to the other end of said current paph/afp said first N-channel M35
transistor; and a third N-channel MOS transistor having its source 10

and gate connected to said reference supply voltage and itsQ@N@GEn connected
to the other end of said current path of said first N-channal MOS
transistor. 11. The |nterfac§{C|rCU| ~nhd8ei n said
external terminal is a signal¢input term 12 Theti nterface
circuit according to claim S8, sai d eppp rmg W nall is a signal

rCU|vb€cQ2\d|ng o cIa|n18

hﬂss_l ™
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output termnal. 13. The interface c
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20 wherein said external termnal is a signal input/output termnal. 14.
An interface circuit for use in a sem conductor integrated circuit
conprising: an external termnal; 25 a first N-channel MOS

transi stor for suppressing a voltage having its source-to-drain current
path connected at its one end theregf ,to said external - 59 - term nal
and connected at its other end ther%b{ %% an internal circuit and its gate
connected to an internal supply voltage; a second N channel MOS transi stor
for suppressing 5 a voltage ha'QEths source-to-drain current dﬁyp
connected at one end thereof to s xternal termnal and its ggte¢
connected to an ipternal supply MOlt ; and a surge prp%éesion chYcuit
connected td i helgtHer 10 end Fxggfd'currqqt pat Sa

N- channel ng transijstor. 15. The linterface ciEcuit

according to cla m 14,

Ve
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wherein said protection circuit conprises: a P-channel MOS transistor
having its source and 15 gate connected to said internal supply voltage
and its drain connected to the other end of said current path of said
second N-channel MOS transistor; and a third N-channel MOS transistor
having its source and gate connected to a reference supply voltage and 20
i'ts drain connected to the other eng qf gaid current path of said second
N-channel MOS transistor. 16. The in er?ace circuit according to claim 14,
wherein said protection circuit conprises: a third N-channel MOS transistor
having its drain 25 connected to said internal supply voltage, its gate
connected to a reference supply voltage and its source connected to the

ot her end of aig current path NCO -60- second N-channel
transi stor; éi oufth Vtehanﬁiﬂ MOS transi '

I Ng i sour ¢ge and
gat e connect ed VYep sai g refgerenc pply voItanggpd i§g I n edqiged to
the ot her end of sai

pat h of sai dgseco d'N- anngl

16B~ 16B~ 5
“2B ./
{5
138 E~_y7p Vs 138 s
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transistor. 17. The interface circuit according to claim 14, wherein said
external termnal is a signal input termnal. 10 18. The interface
circuit according to claim 14, wherein said external termnal is a signal
output termnal. 19. An interface circuit for use in a sem conductor
integrated circuit conprising: 15 45 799 an external termnal; a first
N-channel MOS transistor for suppressing a voltage having its
source-to-drain current path connected at one end thereof to said external

term nal anqgits gate connected tgya i nternal supply voltage; 2
a first surgé oteclion brcuit omYect ed bet
current path 01Vc§aidfir§1 p@i MOS trq
circuit; a sec N- ¢han ansl stor for

its source-to-d connecte
signal i nR20Bte ' connected t
vol t age; and 208
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- 61 - a second surge protection cir

said current path of said second N channel
interface circuit according to claim19, 5

protection circuit conprises: a first

source and gate connected to said internal
connected to the other end of said ddrf

transi stor; and 10 athird N

cuit connected to the other end of
MOS transistor. 20. The
wherein said first surge
P-channel MOS transistor having its
supply voltage and its drain

source and gate connected to a reference supply voltage and its drain

connected to the other end of said cur

path of said first N-channel MOS
channel MOS transistor having its
rent path of said first N-channel MOS

transi stor,

and 15

a second P-channel

sai d second surge protection ci
MOS tran3|stor haV|ng its source and gg

pt conpri ses:.
connected to

said i nternal

supply vol t aggy

otHi& end of

said current path of said seco

fourth N-channel

MOS tranS|sto

and a

tory
chrnie4ct ed to

said reference supply
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voltage and its drain connected to the other end of said current pat h of

said second N channel MOS 25 transistor. 21. The interface circuit
according to claim19, wherein said first surge protection circuit
conpri ses: - 62 - athird Nchannel MOS transistor having its drain

connected to said internal supply voltage, its gate connected to a
reference supply voltage and its sout¢¢ ggnnected to the other end of said

current path of said 5 second.N-channel MOS transistor; and a fourth
N- channel MOS tr@nsistor having its source and gate connected to said
reference suppl @V¢Ql tage and its drain connected he other end of said

current patpa{ _3pid second | MOS 10
surge protectio
source and g
connected to

N- channel




a fifth NNchannel MOS transi-stor having its source and gate connected to a
reference supply voltage and its drain connected to the other end of said
current path of said second N-channel MOS transistor. 20 22. The
interface circuit according to claim19, wherein said external terminal is
a signal input termnal. 23. The ingeypfgre circuit according to claim19,
wherein said external termnal is a signal output 25 termnal. 24. An
interface circuit for use i N seniqgnductor integrated circuit conprising:

- 63 - an input/output . GG r N-channel MOS transistor for
suppressing a vol tage havi [
one end thereof to said inpft/

rn

SOH{ICE-to-drain current path connected at
to an internal supply volta

uHs Vi rmnal and i gate connected
a gero annel MOS tr i stor having a
gate contr?hlﬁiirby an inte

4gn I ‘rr1source-to-dr|)l32
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current path connected between a ground potential and 10 t he ot her end
of the source-to-drain current path of said first N-channel MOS transi stor
and a protection circuit against surge voltage connected to the other end
of said current path of said first N-channel MOS transistor. 15 25.
The interface circuit according to ¢6a np24, wherein said protection
circuit conprises: a P-channel MOS transistor having its source and gate
connected to said internal supply voltage and its drain connected to the
ot her end of said current path of; i d first N-channel MOS
transistor; and a third N-cha r '5tor having its source and gate
connected to a reference suppl yovo I'ts drain connected to the
other end of said current pathMEa al i rgt Nlgghannel MoS tVggsi stor. 25
26. The interface circuit acco cws'n1 , Wherein sa protection
circuit conpNPEds —a—t-hirdeNTRaNN 14 t §n tor having jts~@%in -
64 - connected to sarg—imnter supply |vol t dgeq 1 t]s S?be 1
~42
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connected to a reference supply voltage and its source connected to the
other end of said current path of said first N-channel MOS transistor; and

5 a fourth N-channel MOS transistor having its source and gate
connected to said reference supply voltage and its drain connected to the
other end of said current path of sgj {rst N-channel MOS transistor. 27.
An interface circuit for use in a sem conductor 10 integrated circuit,
conprising: an input/output termnal; a first N-channel MOS transistor for
suppressing a voltage, said first N-channel MOS vidrd3a
source-to-drain current path connected at one en qd

i nput -output termnal and a gate connected to anl}i ntjernal pupply voltage; a
second N-channel MOS transistor having a gate co +38er nal
signal and a source-to-drain cufN@®UTpath—eonnecte a ground
potential and 20 the other end of the soprce-to- rrérrt'?ﬂath of

said first Nchannel MOS transistor; and a cty t agai nst surge
vol t age connect ed between the oENﬂBLﬁnd—&o&a{ 1] ),f\__ﬁl d first
N- channel NOFtrla 'sto§ d an internal “circugy.
interface cui't . decor to claim27, VSS
55
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wherein said protection circuit conprises: a P-channel MOS transistor
having its source and - 65 - gate connected to said internal supply
voltage and its drain connected to the other end of said current path of
said first N-channel MOS transistor; and a third N-channel MOS transistor
having its source 5 and gate connected to a reference supply vol tage
and its drain connected to the othed8eh@0of said current path of said first
N-channel MOS'transistor. 29. The interface circuit according to claim 27,
wherein said protection circuit conprises: 10 - a ird N-channe
MOS transi stor having its drain connected to sm<jignern I pply vol t age,
its gate connected to a reference supply voltagsfénd i1 soyr.ce connected
to the other end of said current path of sai rst ﬁﬁSB MOS
transistor; and 15 a fourth N—chanrgb MOS t ransifst or haﬁgyg its

|

source and gate connected to said reference drain
connected to the other end of said current pa®h of said first N-channel MOS
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t.ransi stor. 20 30. An interface circuit for use in a sem -
conductor integrated circuit, substantially as herein- before described
with reference to the acconpanyi ng draw ngs.
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Abstract of the Disclosure
"INTERFACE CIRCUIT FOR USE IN A
SEMICONDUCTOR INTEGRATED CIRCUIT"

To an input terminal (11) is connected one end of
the source-to-drain current path of an NMOS (12) the
gate of which is connected to Vcc. The other end of
the current path of the NMOS (12) is connected by a
protectioﬁ circuit (13) comprised of a PMOS (16) and an
NMOS (17) to the common gates of a PMOS (14) and an
NMOS (15) in the input stage of an internal circuit.
In the protection circuit, the PMOS (16) has its source
and gate connected to Vcc and its drain connected to
the common gates of the PMOS (14) and the NMOS (15),
while the NMOS (17) has its source and gate connected

to Vss and its drain connected to the common drains of

the PMOS (14) and the NMOS (15).

(Please note that Figure 1 should accompany the abstract when published.)



