
(19) United States 
US 20010012189A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0012189 A1 
TANG 

(54) GATE-VOLTAGE CONTROLLED 
ELECTROSTATIC DISCHARGE 
PROTECTION CIRCUIT 

(76) Inventor: TIEN-HAO TANG, TAIPEI HSIEN 
(TW) 

Correspondence Address: 
J .C. Patents, Inc 
1340 Reynolds Avenue, Suite 114 
IRVINE,, CA 92614 (US) 

(*) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1.53(d). 

(21) Appl. No.: 09/240,902 

(22) Filed: Jan. 29, 1999 

(30) Foreign Application Priority Data 

Mar. 25, 1998 ........................................... .. 8710445 

'- VDD 

32 3 STA-u‘ 
/ = . . . . ‘I p3 

L ____ _ _ _1 

(43) Pub. Date: Aug. 9, 2001 

Publication Classi?cation 

(51) Int. Cl.7 . .... .. H02H 9/00 

(52) US. Cl. .............................................................. .. 361/56 

(57) ABSTRACT 

A gate-voltage controlled ESD protection circuit is pro 
vided, Which is designed to couple betWeen an input port and 
an IC device having an inverter coupled to the internal 
circuit of the IC device for the purpose of protecting the IC 
device against ESD stress. The ?rst potential drop subcircuit 
is capable of alloWing the PMOS transistor to be immedi 
ately switched into the conductive state in the event that a 
negative ESD voltage of a large magnitude is being applied 
to the input port. Similarly, the second potential drop sub 
circuit is capable of alloWing the NMOS transistor to be 
immediately switched into the conductive state in the event 
that a positive ESD voltage of a large magnitude is being 
applied to the input port. The characteristic structure of the 
ESD protection circuit can help the PMOS and NMOS 
transistors in the ESD protection circuit to provide the 
desired ESD protection Without being affected by break 
doWn of the thin oxide layer in the inverter, as in the prior 
art. 
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GATE-VOLTAGE CONTROLLED 
ELECTROSTATIC DISCHARGE PROTECTION 

CIRCUIT 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the priority bene?t of Tai 
wan application serial no. 87104445, ?led Mar. 25, 1998, the 
full disclosure of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to electrostatic discharge 
(ESD) protection circuits, and more particularly, to a gate 
voltage controlled ESD protection circuit for use in an 
integrated circuit (IC) device for the purpose of protecting 
the internal circuit of the IC device against ESD stress. 

[0004] 2. Description of Related Art 

[0005] In the fabrication of semiconductor IC devices, 
electrostatic discharge (ESD) is a major problem that can 
cause damage to the internal circuit of the IC device. One 
solution to this problem is to incorporate an on-chip ESD 
protection circuit on the input/output (I/O) pads of CMOS 
(complementary metal-oXide semiconductor) devices. How 
ever, as semiconductor fabrication technologies have 
advanced to the deep-submicron level, the conventional 
ESD protection circuit is no longer able to provide adequate 
ESD robustness. This problem will be illustratively depicted 
in the following with reference to FIGS. 1-2. 

[0006] FIG. 1 is a schematic diagram of a conventional 
ESD protection circuit. As shown, this conventional ESD 
protection circuit is connected to an input pad (IP) 12 and 
includes a ?eld oXide device (FOD) F1, an NMOS (N-type 
metal-oXide semiconductor) transistor N1, a resistor R1, and 
an inverter 10. The NMOS transistor N1 is connected in such 
a manner that its gate is connected to the ground power line 
VSS (thus referred to as a gate-grounded NMOS transistor) 
and is speci?cally designed to operate in the breakdown 
mode. When an ESD stress appears at the IP 12, the resulting 
ESD current can bypass through the gate-grounded NMOS 
transistor N1 to the ground power line VSS. To allow the 
gate-grounded NMOS transistor N1 to provide this ESD 
protection effect, the breakdown voltage of the gate 
grounded NMOS transistor N1 should be smaller than the 
breakdown voltage of the gate oXide layer in the inverter 10. 
In other words, the breakdown voltage of the gate-grounded 
NMOS transistor N1 decreases as the channel length is 
shortened. However, a short channel length will make the 
gate-grounded NMOS transistor N1 undesirably more vul 
nerable to ESD stress. The provision of the resistor R1 can 
suppress the ESD current ?owing through the gate-grounded 
NMOS transistor N1. Moreover, the FOD F1 can help drain 
part of the ESD current from the IP 12 to the ground power 
line VSS. The FOD F1 is preferably constructed on a 
non-lightly doped drain (LDD) structure, which allows the 
FOD F1 to be longer in channel length than the gate 
grounded NMOS transistor N1 so as to be capable of 
withstanding larger ESD currents. 

[0007] Anegative ESD voltage applied to the IP 12 causes 
the gate-grounded NMOS transistor N1 to produce a parasite 
diode current. A positive ESD voltage applied to the IP 12 
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causes the gate-grounded NMOS transistor N1 to produce an 
NPN avalanche breakdown current, thus causing a large 
potential drop across the resistor R1. As a result of this, the 
FOD F1 is switched to the conductive state. If the FOD F1 
is designed to be longer in channel length than the gate 
grounded NMOS transistor N1, it will be also larger in 
breakdown voltage than the gate-grounded NMOS transistor 
N1. Therefore, the level of the breakdown voltage of the 
FOD F1 can be close or even larger than that of the gate 
oXide layer in the inverter 10. If the IC device is further 
downsiZed, the gate oXide layer in the inverter 10 will be 
correspondingly made thinner. As a result, the inverter 10 
would be subjected to a breakdown voltage before the NPN 
or PNP conduction takes place in the ESD protection circuit. 
The ESD protection circuit is therefore reduced in its ESD 
robustness to provide adequate ESD protection to the down 
siZed IC device. 

[0008] FIG. 2 is a schematic diagram of another conven 
tional ESD protection circuit. As shown, this conventional 
ESD protection circuit is connected to an input pad (IP) 22 
and includes a PMOS (P-type metal-oXide semiconductor) 
transistor P2, an NMOS (N-type metal-oXide semiconduc 
tor) transistor N2, a resistor R2, and an inverter 20. The 
PMOS transistor P2 is connected in such a manner that its 
gate and source are connected to the system power line 
VDD, while the NMOS transistor N2 is connected in such 
a manner that its gate and source are connected to the ground 

power line V55. 

[0009] Apositive ESD voltage applied to the IP 22 causes 
the PMOS transistor P2 to produce a parasite diode current. 
If a negative ESD voltage is applied, it subjects the PMOS 
transistor P2 to a PNP avalanche breakdown current. This 
causes the source, drain, and substrate of the PMOS tran 
sistor P2 to be equivalently formed into a PNP structure, as 
indicated by the dashed boX B1 in FIG. 2. If the negative 
ESD voltage is overly large in magnitude, it will cause an 
avalanche breakdown to this PNP structure B1. 

[0010] On the other hand, a negative ESD voltage applied 
to the IP 22 causes the NMOS transistor N2 to produce a 
parasite diode current. However, in the event that a positive 
ESD voltage is applied, it subjects the NMOS transistor N2 
to an NPN avalanche breakdown current. This causes the 
source, drain, and substrate of the NMOS transistor N2 to be 
equivalently formed into an NPN structure, as indicated by 
the dashed boX B2 in FIG. 2. If the positive ESD voltage is 
overly large in magnitude, it will cause an avalanche break 
down to this NPN structure B2. 

[0011] If the design for the IC device incorporating the 
foregoing ESD protection circuit of FIG. 2 is further down 
siZed, the gate oXide layer in the inverter 20 is correspond 
ingly made thinner. This makes the breakdown voltage of 
the PMOS transistor P2 and the NMOS transistor N2 close 
to or even greater than the breakdown voltage of the gate 
oXide layer in the inverter 20. As a bad consequence of this, 
the inverter 20 is be subjected to breakdown before the NPN 
or PNP structure in the ESD protection circuit is switched 
into the conductive state, thus causing the ESD protection 
circuit to fail to provide the desired ESD protection. 

SUMMARY OF THE INVENTION 

[0012] It is therefore an objective of the present invention 
to provide a gate-voltage controlled ESD protection circuit, 
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Which can help the PMOS and NMOS transistors in the ESD 
protection circuit provide the desired ESD protection With 
out being affected by breakdown of the thin oXide layer in 
the inverter. 

[0013] In accordance With the foregoing and other objec 
tives of the present invention, a gate-voltage controlled ESD 
protection circuit is provided. The ESD protection circuit of 
the invention is coupled betWeen an IP and an IC device 
having an inverter coupled to the internal circuit for the 
purpose of protecting the IC device against ESD stress. The 
ESD protection circuit comprises a resistor, a PMOS tran 
sistor, a ?rst potential drop subcircuit, an NMOS transistor, 
and a second potential drop subcircuit. The resistor has a ?rst 
end connected to a common node connected to the IP and a 

second end connected to the input end of the inverter. The 
PMOS transistor has its source connected to a ?rst poWer 
line and drain connected to the common node. The ?rst 
potential drop subcircuit has a positive end connected to the 
gate of the PMOS transistor and a negative end connected to 
the common node, Which can be turned into conductive state 
When a negative ESD voltage loWer in magnitude than a 
predetermined level is applied to the IP, causing the PMOS 
transistor to be sWitched into conductive state. The NMOS 
transistor has its source connected to a second poWer line 
and its drain connected to the common node. The second 
potential drop subcircuit has a positive end connected to the 
common node and a negative end connected to the gate of 
NMOS transistor, and Which can be sWitched to the con 
ductive state When a positive ESD voltage higher in mag 
nitude than a predetermined level is applied to the IP, 
causing the NMOS transistor to be sWitched into conductive 
state. 

BRIEF DESCRIPTION OF DRAWINGS 

[0014] The invention can be more fully understood by 
reading the folloWing detailed description of the preferred 
embodiments, With reference made to the accompanying 
draWings, Wherein: 

[0015] FIG. 1 is a schematic diagram of a ?rst conven 
tional ESD protection circuit; 

[0016] FIG. 2 is a schematic diagram of a second con 
ventional ESD protection circuit; 

[0017] FIG. 3 is a schematic diagram of a ?rst preferred 
embodiment of the ESD protection circuit according to the 
invention; 

[0018] FIG. 4 is a schematic cross-sectional diagram of a 
semiconductor implementation of the ESD protection circuit 
of FIG. 3; 

[0019] FIG. 5 is a schematic diagram used to depict the 
realiZation of a diode element by a MOS transistor having its 
gate tied to source or drain; 

[0020] FIG. 6 is a schematic diagram of a second pre 
ferred embodiment of the ESD protection circuit according 
to the invention; and 

[0021] FIG. 7 is a schematic diagram of a third preferred 
embodiment of the ESD protection circuit according to the 
invention. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0022] First Preferred Embodiment 

[0023] FIG. 3 is a schematic diagram of a ?rst preferred 
embodiment of the ESD protection circuit according to the 
invention, Which is designated by the reference numeral 31. 
In use, the ESD protection circuit 31 is coupled betWeen an 
input pad (IP) 32 and an IC device 33. The IC device 33 
includes an inverter 30 coupled to its internal circuit 35. The 
ESD protection circuit 31 is designed to protect the IC 
device 33 against ESD stress. 

[0024] As shoWn, the ESD protection circuit 31 includes 
a PMOS transistor P3, an NMOS transistor N3, a resistor 
R3, a ?rst potential drop subcircuit 34 composed of a 
plurality of serially connected diodes, and a second potential 
drop subcircuit 36 composed of a plurality of serially 
connected diodes. The PMOS transistor P3 is connected in 
such a manner that its source is connected to the system 
poWer line VDD, its drain is connected to a common node A 
connected to the IP 32, and its gate is connected to the 
positive end of the ?rst potential drop subcircuit 34. The 
NMOS transistor N3 is connected in such a manner that its 
source is connected to the ground poWer line V55, its drain 
is connected to the common node A, and its gate is con 
nected to the negative end of the second potential drop 
subeircuit 36. The resistor R3 is connected betWeen the 
common node A and the input end of the inverter 30 in the 
IC device 33. The ?rst potential drop subcircuit 34 is 
connected betWeen the common node A and the gate of the 
PMOS transistor P3, While the second potential drop sub 
circuit 36 is connected betWeen the common node A and the 
gate of the NMOS transistor N3. 

[0025] The ?rst potential drop subcircuit 34 is composed 
of a plurality of diodes Which are serially connected forWard 
from the gate of the PMOS transistor P3 to the common 
node A. The number n of the diodes in the ?rst potential drop 
subcircuit 34 is designed in such a manner as to alloW all of 
the diodes to be conductive When a predetermined level of 
ESD stress appears at the common node A. An overly large 
negative voltage from an ESD stress applied to the IP 32 
causes an abrupt change to the gate voltage at the gate of the 
PMOS transistor P3, thereby immediately sWitching the 
PMOS transistor P3 into the conductive state. As a result of 
this, even though the inverter 30 has a very loW breakdoWn 
voltage due to its gate oXide layer being very thin, the ESD 
current from the IP 32 can be nonetheless bypassed through 
the PMOS transistor P3 to system poWer line VDD. 

[0026] Similarly, the second potential drop subcircuit 36 is 
composed of a plurality of diodes, Which are serially con 
nected forWardly from the node A to the gate of the NMOS 
transistor N3. The number m of the diodes in the second 
potential drop subcircuit 36 is designed in such a manner as 
to alloW all of the diodes to be conductive When a prede 
termined level of ESD stress appears at the common node A. 
In the event that an overly large positive voltage from an 
ESD stress is applied to the IP 32, the ESD stress Will cause 
an abrupt change to the gate voltage at the gate of the NMOS 
transistor N3. This immediately sWitches the NMOS tran 
sistor N3 into conductive state. As a result of this, even 
though the inverter 30 has a very loW breakdoWn voltage due 
to its gate oXide layer being very thin, the ESD current can 
nonetheless bypass through the NMOS transistor N3 to the 
ground poWer line V55. 
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[0027] The upper part of the ESD protection circuit 31 is 
connected to the system poWer line VDD. A positive ESD 
voltage applied to the IP 32 causes the PMOS transistor P3 
to produce a parasitic diode current. In contrast, a negative 
ESD voltage, smaller in magnitude than the voltage at the 
gate of PMOS transistor, applied to the IP 32, causes all of 
the diodes in the ?rst potential drop subcircuit 34 to conduct, 
thereby causing the PMOS transistor P3 to sWitch into the 
conductive state. As a result of this, the ESD current 
bypasses through the PMOS transistor P3 to the system 
poWer line VDD. 

[0028] On the other hand, the bottom part of the ESD 
protection circuit 31 is connected to the ground poWer line 
V55. Anegative ESD voltage applied to the IP 32 causes the 
NMOS transistor N3 to produce a parasitic diode current. In 
contrast, a positive ESD voltage, larger in magnitude than 
the voltage at the gate of the NMOS transistor N3, applied 
to the IP 32 causes all of the diodes in the second potential 
drop subcircuit 36 to conduct. This causes the NMOS 
transistor N3 to sWitch into the conductive state. As a result 
of this, the ESD current is bypassed through the NMOS 
transistor N3 to the ground poWer line V55. 

[0029] FIG. 4 is a schematic cross-sectional diagram 
shoWing a semiconductor implementation of the ESD pro 
tection circuit of FIG. 3. As shoWn, the ESD protection 
circuit is constructed on a P-type substrate 54 Which is 
formed With a plurality of a ?rst kind of N-Wells 55, each of 
Which is formed With a P‘region and an N+region. Asecond 
kind of N-Well 40 is formed With a pair of P+regions. 
Further, the ESD protection circuit is formed With an NMOS 
transistor 42, Which serves as the NMOS transistor N3 
shoWn in FIG. 3, and a PMOS transistor 46, Which serves 
as the PMOS transistor P3 shoWn in FIG. 3. The NMOS 
transistor N3 has a gate 45, an N+source 43, and an N+drain 
44. The PMOS transistor P3 has a gate 49, a P+drain 47, and 
a P+source 48. 

[0030] Those N-Wells 55 on the left side of the N-Well 40 
(as collectively designated by the reference numeral 56 in 
FIG. 4) are connected in such a manner that, eXcept for the 
right-most N-Well in this N-Well group 56, the N+region of 
each N-Well is Wired to the P+region of the neXt N-Well to 
the right, thereby forming a group of serially-connected 
diodes (Which serves as the second potential drop subcircuit 
36 shoWn in FIG. 3). The P+region 51 of the leftmost N-Well 
in this N-Well group 56 is connected to the IP 41 (Which is 
the IP 32 shoWn in FIG. 3), While the N+region of the 
right-most N-Well in this N-Well group 56 is connected to the 
gate 45 of the NMOS transistor 42. The N+source 43 of the 
NMOS transistor 42 is connected to the ground poWer line 

V55. 
[0031] On the other hand, those N-Wells 55 on the right 
side of the N-Well 40 (as collectively designated by the 
reference numeral 57 in FIG. 4) are connected in such a 
manner that, eXcept for the left-most N-Well in this N-Well 
group 57, the P+region of each N-Well is Wired to the 
N+region of the neXt Well to the left, thereby forming a group 
of serially-connected diodes (Which serves as the ?rst poten 
tial drop subcircuit 34 shoWn in FIG. 3). The N+region 53 
of the rightmost N-Well in this N-Well group 57 is connected 
to the IP 41 (Which is the IP 32 shoWn in FIG. 3), While the 
P+region of the left-most N-Well in this N-Well group 57 is 
connected to the gate 49 of the PMOS transistor 46. The 
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P+source 48 of the PMOS transistor 46 is connected to the 
system poWer line VDD. Further, the P+drain 47 of the 
PMOS transistor 46 is Wired to the N'drain 44 of the NMOS 
transistor 42 and then connected together to the IP 41. 

[0032] As shoWn in FIG. 5, in semiconductor fabrication, 
each diode element 58 in the ?rst and second potential drop 
subcircuit 34, 36 (FIG. 3) can be realiZed by forming a MOS 
transistor 59 having its gate connected to its source or drain. 
Therefore, the diode elements in the ?rst and second poten 
tial drop subcircuit 34, 36 (FIG. 3) can be implemented by 
forming a plurality of such MOS transistors in the P-type 
substrate 54 of FIG. 4 instead of the N-Wells 55 With serially 
connected P+regions and N+regions. 

Second Preferred Embodiment 

[0033] FIG. 6 is a schematic diagram of a second pre 
ferred embodiment of the ESD protection circuit according 
to the invention, Which is designated here by the reference 
numeral 61. In use, the ESD protection circuit 61 is coupled 
betWeen an input pad (IP) 62 and an IC device 63. The IC 
device 63 includes an inverter 60 coupled to its internal 
circuit 65. The ESD protection circuit 61 is designed to 
protect the IC device 63 against ESD stress. 

[0034] As shoWn, the ESD protection circuit 61 includes 
a PMOS transistor P6 Whose source is connected to the 
system poWer line VDD and Whose drain is connected to the 
IP 62; a resistor R6 having one end connected to the IP 62 
and the other end connected to the inverter 60; and a 
potential drop subcircuit 64 connected between the gate of 
the PMOS transistor P6 and the IP 62. This ESD protection 
circuit is structurally identical to the upper part of the ESD 
protection circuit of FIG. 3, and is functionally able to 
provide ESD protection against any negative ESD voltage 
being applied to the IP 62. 

[0035] The operation is identical to the upper part of the 
ESD protection circuit of FIG. 3, so a detailed description 
of it Will not be repeated. 

[0036] Third Preferred Embodiment 

[0037] FIG. 7 is a schematic diagram of a third preferred 
embodiment of the ESD protection circuit according to the 
invention, Which is designated here by the reference numeral 
71. In design, the ESD protection circuit 71 is coupled 
betWeen an input pad (IP) 72 and the protected IC device 73. 
The protected IC device 73 includes an inverter 70 and the 
internal circuit 75. 

[0038] As shoWn, the ESD protection circuit 71 includes 
an NMOS transistor N7 Whose source is connected to the 
ground poWer line VSS and Whose drain is connected to the 
IP 72; a resistor R7 having one end connected to the IP 72 
and the other end connected to the inverter 70; and a 
potential drop subcircuit 74 connected betWeen the IP 72 and 
the gate of the NMOS transistor N7. This ESD protection 
circuit is structurally identical to the bottom part of the ESD 
protection circuit of FIG. 3, and is functionally able to 
provide ESD protection against any positive ESD voltage 
being applied to the IP 72. The operation is identical to the 
bottom part of the ESD protection circuit of FIG. 3, so a 
detailed description of it Will not be repeated. 

[0039] In conclusion, the invention provides an ESD pro 
tection circuit characteriZed by the provision of a potential 
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drop subcircuit for controlling the switching of a MOS 
transistor, Which is either a PMOS transistor or an NMOS 
transistor, connected to an ESD-absorbing poWer line. The 
potential drop subcircuit can be one or more serially con 
nected diodes, or a plurality of serially connected MOS 
transistors each having its gate connected to its source or 
drain. The potential drop subcircuit alloWs the MOS tran 
sistor to be sWitched into conductive state so as to drain the 
ESD current from the ESD stress to the poWer line. 

[0040] The invention has been described using exemplary 
preferred embodiments. HoWever, it is to be understood that 
the scope of the invention is not limited to the disclosed 
embodiments. On the contrary, it is intended to cover various 
modi?cations and similar arrangements. The scope of the 
claims, therefore, should be accorded the broadest interpre 
tation so as to encompass all such modi?cations and similar 
arrangements. 

What is claimed is: 
1. An ESD protection circuit coupled betWeen an IP and 

an IC device, the IC device having an inverter coupled to its 
internal circuit for the purpose of protecting the IC device 
against ESD stress, the ESD protection circuit comprising: 

a resistor having a ?rst end connected to a common node 
connected to the IP and a second end connected to the 
input end of the inverter; 

a PMOS transistor Whose source is connected to a ?rst 
poWer line and Whose drain is connected to the com 
mon node; 

a ?rst potential drop subcircuit having a positive end 
connected to the gate of the PMOS transistor and a 
negative end connected to the common node, Wherein 
the ?rst potential drop subcircuit sWitches into the 
conductive state When a negative ESD voltage loWer in 
magnitude than a predetermined level is applied to the 
IP, causing the PMOS transistor to sWitched into the 
conductive state; 

an NMOS transistor Whose source is connected to a 

second poWer line and Whose drain is connected to the 
common node; and 

a second potential drop subeircuit having a positive end 
connected to the common node and a negative end 
connected to the gate of the NMOS transistor, Wherein 
the second potential drop subcircuit is sWitched into the 
conductive state When a positive ESD voltage higher in 
magnitude than a predetermined level is applied to the 
IP, causing the NMOS transistor to sWitched into the 
conductive state. 

2. The ESD protection circuit of claim 1, Wherein the ?rst 
potential drop subcircuit comprises at least one diode having 
a positive end connected to the gate of the PMOS transistor 
and a negative end connected to the common node. 

3. The ESD protection circuit of claim 2, Wherein the 
diode is formed from a MOS transistor having its gate 
connected to one of its source/drain electrodes. 

4. The ESD protection circuit of claim 1, Wherein the 
second potential drop subcircuit comprises at least one diode 
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having a positive end connected to the common node and a 
negative end connected to the gate of the NMOS transistor. 

5. The ESD protection circuit of claim 4, Wherein the 
diode is formed from a MOS transistor having its gate 
connected to its source or its drain. 

6. An ESD protection circuit coupling betWeen an IP and 
an IC device, the IC device having an inverter coupled to its 
internal circuit for the purpose of protecting the IC device 
against ESD stress, the ESD protection circuit comprising: 

a resistor having a ?rst end connected to a common node 
connected to the IP and a second end connected to the 
input end of the inverter; 

a PMOS transistor Whose source is connected to a poWer 
line and Whose drain is connected to the common node; 
and 

a potential drop subcircuit having a positive end con 
nected to the gate of the PMOS transistor and a 
negative end connected to the common node, Wherein 
the potential drop subcircuit is sWitched into the con 
ductive state When a negative ESD voltage loWer in 
magnitude than a predetermined level is applied to the 
IP, causing the PMOS transistor to sWitch into the 
conductive state. 

7. The ESD protection circuit of claim 6, Wherein the 
potential drop subeircuit comprises at least one diode having 
a positive end connected to the gate of the PMOS transistor 
and a negative end connected to the common node. 

8. The ESD protection circuit of claim 7, Wherein the 
diode is formed from a MOS transistor having its gate 
connected to one of its source/drain electrodes. 

9. An ESD protection circuit coupling betWeen an IP and 
an IC device, the IC device having an inverter coupled to its 
internal circuit for the purpose of protecting the internal 
circuit against ESD stress, the ESD protection circuit com 
prising: 

a resistor having a ?rst end connected to a common node 
connected to the IP and a second end connected to the 
input end of the inverter; 

an NMOS transistor Whose source is connected to a 

second poWer line and Whose drain is connected to the 
common node; and 

a potential drop subcircuit having a positive end con 
nected to the common node and a negative end con 
nected to the gate of the NMOS transistor; the potential 
drop subcircuit being turned into conductive state in the 
event that a positive ESD voltage higher in magnitude 
than a predetermined level is being applied to the IP, 
causing the NMOS transistor to be sWitched into con 
ductive state. 

10. The ESD protection circuit of claim 9, Wherein the 
second potential drop subcircuit comprises at least one diode 
having a positive end connected to the common node and a 
negative end connected to the gate of the NMOS transistor. 

11. The ESD protection circuit of claim 10, Wherein the 
diode is formed from a MOS transistor having its gate 
connected to one of its source/drain electrodes. 

* * * * * 


