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ESD PROTECTION CIRCUIT WITH WHOLE-
CHIP ESD PROTECTION

This nonprovisional application claims priority under 35
US.C. §119(a) on Patent Application No(s). 091111477
filed in TAIWAN on May 29, 2002, which is(are) herein
incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electrostatic discharge
(ESD) protection technology, more specifically, to an ESD
protection circuit with whole-chip ESD protection, in which
an ESD event can simultaneously conduct a plurality of
discharge paths and the ESD current automatically leads to
that with the lowest resistance to ground, preventing the
ESD current from flowing into the internal circuit due to
layout or the position shift of ESD devices caused by the
manufacturing process.

2. Description of the Related Art

ESD phenomena have become a reliability issue in
complementary metal oxide semiconductor (CMOS) inte-
grated circuits (ICs) because of technology scaling and high
frequency requirements. ESD events happen in various steps
of the semiconductor process, such as manufacturing,
packaging, shipping and assembly, and may cause damage
to the semiconductor chips. Current ESD protection tech-
nology utilizes ESD protection circuits or devices close to
input/output pads or internally within chips to reduce the
possibility of ESD damage. There are four possible ESD-
stress modes, described as follows:

(1) Positive-to-VSS (or PS) mode: ESD stress at a pad
with positive voltage polarity with respect to the grounded
VSS line when the VDD line and other input/output pads are
floating;

(2) Negative-to-VSS (or NS) mode: ESD stress at a pad
with negative voltage polarity with respect to the grounded
VSS line when the VDD line and other input/output pads are
floating;

(3) Positive-to-VDD (or PD) mode: ESD stress at a pad
with positive voltage polarity with respect to the grounded
VDD line when the VSS line and other input/output pads are
floating; and

(4) Negative-to-VDD (or ND) mode: ESD stress at a pad
with negative voltage polarity with respect to the grounded
VDD line when the VSS line and other input/output pads are
floating.

The ESD protection circuit is designed to upgrade the
immunity of semiconductor chips against these ESD stress
modes. Several ESD protection circuits have been proposed
and two MOS (Metal-Oxide-Semiconductor)-based ESD
protection circuits are illustrated in the following descrip-
tion. One is an ESD protection circuit using gate-driven
technique and another is an ESD protection circuit using
substrate-triggering technique.

FIG. 1 (Prior Art) is a circuit diagram of a conventional
ESD protection circuit using gate-driven technique. As
shown in FIG. 1, the ESD protection circuit connected
between input/output pad 100 and the VSS line includes an
ESD detection circuit 200 and an NMOS transistor 300.
NMOS transistor 300 is operated as an ESD protection
device providing a discharge path. During normal operation,
ESD detection circuit 200 does not output a bias voltage to
the gate electrode of NMOS transistor 300 and NMOS
transistor 300 is always turned off. When a PS-mode ESD
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event occurs at input/output pad 100, ESD detection circuit
200 outputs a bias voltage to the gate electrode of NMOS
transistor 300 and drives the NMOS transistor 300 to enter
snapback mode early to bypass the ESD current.

U.S. Pat. No. 5,717,560 and U.S. Pat. No. 5,910,874
illustrate two examples of the ESD protection circuits using
gate-driven technique. In °560 patent, the ESD protection
circuit has an NMOS transistor serving as an ESD protection
device, which has a gate electrode connected to input/output
pads. When an ESD event occurs, an ESD voltage is coupled
to the gate electrode of the ESD protection device via
coupling capacitance between the input/output pads and the
VDD/VSS lines, thus turning on the ESD protection device
to conduct ESD current. In 874 patent, the ESD protection
circuit employs an inverter as an ESD detection circuit.
When an ESD event occurs, it outputs a bias voltage for
conducting the ESD protection device to bypass the ESD
current.

FIG. 2 (Prior Art) is a circuit diagram of a conventional
ESD protection circuit using substrate-triggering technique.
The ESD protection circuit is also connected between input/
output pad 110 and the VSS line, and comprises an ESD
detection circuit 210 and an NMOS transistor 310. NMOS
transistor 310 is operated as an ESD protection device
providing a discharge path. The difference between the
substrate-triggering scheme and the gate-driven scheme
described above is the ESD detection circuit 210°s utiliza-
tion of a substrate-triggering current Ib to trigger the ESD
protection device. During normal operation, ESD detection
circuit 210 does not output the substrate-triggering current
Ib to the substrate of NMOS transistor 310 and NMOS
transistor 310 is, therefore, turned off. As a PS-mode ESD
event occurs at input/output pad 110, ESD detection circuit
210 outputs the substrate-triggering current Ib to the sub-
strate of NMOS transistor 310 and turns on a lateral npn
bipolar junction transistor (BJT) of NMOS transistor 310 to
enter snapback mode early to bypass the ESD current.

U.S. Pat. No. 5,744,842 and U.S. Pat. No. 6,072,219
illustrate two examples of the ESD protection circuits using
substrate-triggering technique. In ’842 patent, the ESD
detection circuit is composed of an inverter, a resistor and a
capacitor. In addition, the time constant of the RC circuit is
designed to be substantially of the us order to discriminate
power-on events, which are substantially of the ms order,
from ESD events, which are substantially of the ns order.
Thus, the substrate-triggering current can be properly out-
putted to turn on fleld oxide devices (FODs) of ESD
protection devices. During normal operation, the ESD detec-
tion circuit does not output the substrate-triggering current.
When an ESD event occurs in the VDD line, the ESD
detection circuit outputs the substrate-triggering current to
the substrate of the FOD and triggers the parasitic npn BJT
of the FOD to bypass ESD current. In *219 patent, the ESD
protection circuit includes an ESD protection device and an
ESD detection circuit, each of which consists of an NMOS
transistor and a PMOS transistor. The transistors of the ESD
detection circuit have lower trigger-on voltage and thus
enter snapback mode early to introduce the substrate-
triggering current into the substrate of the ESD protection
circuit. Consequently, the parasitic BJT of the ESD protec-
tion device quickly turns on to bypass ESD current, thereby
achieving ESD protection.

Conventional ESD protection circuits using gate-driven
or substrate-triggering technique can effectively protect
internal circuitry of the IC from ESD damage. In these
conventional proposals, the ESD current is usually bypassed
by a single discharge path, including one or more ESD
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protection devices. The conventional ESD protection
scheme may not, however, work if the resistance of this
single discharge path to ground is higher than that of the
internal circuitry due to layout or the position shift of ESD
devices caused by the manufacturing process since the ESD
current always flows into the ground via the path having the
lowest resistance to ground.

SUMMARY OF THE INVENTION

Accordingly, the object of the present invention is to
provide an ESD protection circuit with whole-chip ESD
protection which can provide a plurality of discharge paths
as an ESD event occurs. The ESD current can be automati-
cally bypassed through the discharge path with the lowest
resistance to ground, thereby preventing the ESD current
from contact with and subsequent damage to the internal
circuitry.

In a preferred embodiment, the present invention provides
an ESD protection circuit with whole-chip ESD protection,
which comprises a plurality of ESD protection devices and
an ESD detection circuit. These ESD protection devices may
be PMOS transistors connected between the input/output
pads and the VDD line, NMOS transistors connected
between the input/output pads and the VSS line or the power
rail clamp circuit between the VDD and VSS lines. The ESD
detection circuit is connected between the VDD and VSS
lines. When an ESD event occurs in the input/output pads
and an ESD current is bypassed to one of the VDD and VSS
lines, the ESD detection circuit generates a plurality of
enabling signals to enable these ESD protection devices for
further bypassing the ESD current. The enabling signal can
be a substrate-triggering signal or a gate-driven signal.

The ESD detection circuit comprises a resistor and a
capacitor serially connected. The time constant of the RC
circuit can differentiate between ESD events and power-on
events. In addition, the ESD detection circuit also comprises
a MOS transistor for detecting the ESD current, which has
a gate electrode connected to a contact node of the resistor
and the capacitor, a source electrode connected to the VDD
or VSS line, and a drain electrode for outputting the enabling
signals. If the MOS transistor in the ESD detection circuit is
a PMOS transistor, the enabling signals enable NMOS
transistors of these ESD protection devices. If the MOS
transistor in the ESD detection circuit is an NMOS
transistor, the enabling signals enable PMOS transistors of
these ESD protection devices.

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by
reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:

FIG. 1 (Prior Art) is a circuit diagram of a conventional
ESD protection circuit using gate-driven technique;

FIG. 2 (Prior Art) is a circuit diagram of a conventional
ESD protection circuit using substrate-triggering technique;

FIG. 3 is a circuit diagram of the ESD protection circuit
using a whole-chip NMOS substrate-triggering technique in
accordance with the first embodiment of the present inven-
tion;

FIG. 4 is a circuit diagram of the ESD protection circuit
using a whole-chip PMOS substrate-triggering technique in
accordance with the second embodiment of the present
invention;
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FIG. 5 is a circuit diagram of the ESD protection circuit
using a whole-chip substrate-triggering technique in accor-
dance with the third embodiment of the present invention;

FIG. 6 is a circuit diagram of another example of the ESD
protection circuit using a whole-chip substrate-triggering
technique in accordance with the third embodiment of the
present invention;

FIG. 7 is a circuit diagram of the ESD protection circuit
using a whole-chip NMOS gate-driven technique in accor-
dance with the fourth embodiment of the present invention;

FIG. 8 is a circuit diagram of the ESD protection circuit
using a whole-chip PMOS gate-driven technique in accor-
dance with the fifth embodiment of the present invention;

FIG. 9 is a circuit diagram of the ESD protection circuit
using a whole-chip gate-driven technique in accordance with
the sixth embodiment of the present invention;

FIG. 10 is a circuit diagram of another example of the
ESD protection circuit using a whole-chip gate-driven tech-
nique in accordance with the sixth embodiment of the
present invention; and

FIG. 11 is a circuit diagram of the ESD protection circuit
using a whole-chip protection technique applied in output
pads in accordance with the seventh embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

In the ESD protection circuit with whole-chip ESD pro-
tection in the present invention, the ESD detection circuit
can simultaneously enable a plurality of ESD discharge
paths when an ESD event occurs. Thus, the ESD current
selectively flows into the path with the lowest resistance to
ground, thereby avoiding contact with and subsequent dam-
age to the internal circuitry. In the following description,
seven embodiments of the ESD protection circuits in accor-
dance with the present invention are illustrated, which
include:

1. An ESD protection circuit using whole-chip NMOS
substrate-triggering technique;

2. An ESD protection circuit using whole-chip PMOS
substrate-triggering technique;

3. An ESD protection circuit using whole-chip substrate-
triggering technique;

4. An ESD protection circuit using whole-chip NMOS
gate-driven technique;

5. An ESD protection circuit using whole-chip PMOS
gate-driven technique;

6. An ESD protection circuit using whole-chip gate-
driven technique; and

7. An ESD protection circuit using whole-chip gate-
driven technique applied in output pads.

First Embodiment:

FIG. 3 is a circuit diagram of the ESD protection circuit
using whole-chip NMOS substrate-triggering technique in
accordance with the present embodiment. The integrated
circuit shown in FIG. 3 has input pads 120 and 130 con-
nected to internal circuit 1. The ESD protection circuit
shown in FIG. 3 comprises an ESD detection circuit 11 and
several ESD protection devices located between input pads
120 and 130 and the VDD and VSS lines. These ESD
protection devices include NMOS transistors Mpll and
Mnl1 connected between input pad 120 and the VDD and
VSS lines, MOS transistors Mp12 and Mnl2 connected
between input pad 130 and the VDD/VSS lines and a power



US 6,920,026 B2

-

d

rail clamp circuit 21 comprising NMOS transistor Mnl. In
addition, resistors Rsubl and Rsub2 represent the parasitic
substrate resistors with respect to NMOS transistors Mnl11
and Mn12, respectively.

ESD detection circuit 11 connected between the VDD and
VSS lines produces substrate-triggering signals (enabling
signals) to turn on the NMOS transistors serving as an ESD
protection devices when an ESD event occurs, thereby
enabling more than one ESD discharge path. As shown in
FIG. 3, ESD detection circuit 11 includes a resistor R1, a
capacitor C1 and a PMOS transistor Mp1 for ESD detection.
Resistor R1 and capacitor C1 are serially connected between
the VDD and VSS lines. PMOS transistor Mpl has a gate
electrode connected to a contact node (node N1) of resistor
R1 and capacitor C1, a drain electrode (node N2) connected
to the substrates of NMOS transistors Mn11, Mn12 and Mn1l
serving as an ESD protection devices, and source and
substrate electrodes connected to the VDD line. ESD detec-
tion circuit 11 outputs the substrate-triggering signals via
node N2 to turn on these ESD protection devices.

Since ESD detection circuit 11 cannot affect the normal
operation of the internal circuit and rapidly outputs the
substrate-triggering signals to turn on the ESD protection
devices (NMOS transistors) to bypass ESD current during
an ESD events, the time constant of the RC circuit of ESD
detection circuit 11 is an important parameter in circuit
design. Generally speaking, the rising time of the ESD
transient voltage is about 5~15 ns, and the power-on time of
the integrated circuit is is substantially of the ms order. Thus,
in the present embodiment, the time constant is preferably
designed to be about 0.1~1.0 us, able to differentiate
between ESD events and power-on events in ESD detection
circuit 11.

The operation of the ESD protection circuit in the present
embodiment is described as follows with respect to the four
ESD-stress modes.

PS-mode ESD

When a PS-mode ESD event occurs in input pad 120, part
of the ESD current is bypassed to the VDD line because the
parasitic diode of PMOS transistor Mp11 is forward-biased
with respect to PS-mode ESD. At this time, in ESD detection
circuit 11, the voltage of node N1 or the gate electrode of
MOS transistor Mp1 is the same as that of the VSS line due
to the deferral of voltage change caused by capacitor C1 of
the RC circuit. Thus, the transient voltage of the source
electrode of MOS transistor Mpl, namely the voltage of the
VDD line, is higher than that of its gate electrode. MOS
transistor Mpl is, therefore, turned on and thus the ESD
current flows from the VDD line to the VSS line through
MOS transistor Mpl and substrate resistors Rsubl and
Rsub2. Voltage drop caused by the ESD current through
substrate resistors Rsubl and Rsub2 can expedite conduc-
tion of lateral npn BJTs of NMOS transistors Mnll, Mn12
and Mnl. Thus, there are two candidates to bypass the ESD
current from input pad 120 to the VSS line. The first is the
discharge path constituted by PMOS transistor Mp1l and
NMOS transistor Mnl of power rail clamp circuit 21. The
second is the discharge path constituted by only NMOS
transistor Mnll. The practical discharge path of the ESD
current is determined by the resistance to ground.

NS-mode ESD
When an NS-mode ESD event occurs in input pad 120,
the parasitic diode of NMOS transistor Mnl1 is forward-

biased to bypass the negative ESD current to the VSS line
for ESD protection.
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PD-mode ESD

When a PD-mode ESD event occurs in input pad 120, the
parasitic diode of PMOS transistor Mpl1 is forward-biased
to bypass the ESD current to the VDD line for ESD
protection.

ND-mode ESD

When an ND-mode ESD event occurs in input pad 120,
part of the negative ESD current is bypassed to the VSS line
because the parasitic diode of the NMOS transistor Mn11 is
forward-biased with respect to ND-mode ESD. In ESD
detection circuit 11, the voltage of node N1 is the same as
that of the VSS line since the transient voltage of the VSS
line is directly coupled to node N1 via the capacitor C1 of
the RC circuit. Thus, at this time, the voltage of the gate
electrode of MOS transistor Mp1 is equal to the transient
negative ESD voltage plus the voltage of the VSS line. The
voltage of the source electrode of MOS transistor Mpl1 is
higher than that of its gate electrode and MOS transistor
Mpl is turned on. The negative ESD current flows from the
VSS line to the VDD line through MOS transistor Mpl and
substrate resistors Rsub1 and Rsub2. Voltage drop caused by
the negative ESD current through substrate resistors Rsubl
and Rsub2 can expedite conduction of lateral npn BJTs of
NMOS transistors Mnl1l, Mn12 and Mnl. The ESD current
can be, therefore, discharged through NMOS transistor
Mn11 and NMOS transistor Mnl of power rail clamp circuit
21 to achieve ESD protection.

Accordingly, the ESD protection circuit using whole-chip
NMOS substrate-triggering technique of the present
embodiment can simultaneously enable at least two different
ESD discharge paths when a PS-mode ESD event occurs in
the input pad. The ESD current is selectively bypassed
through that with the lowest resistance to ground, thereby
avoiding the ESD current accidentally flowing into the
internal circuit due to layout or the position shift of the ESD
devices.

Second Embodiment:

FIG. 4 is a circuit diagram of the ESD protection circuit
using whole-chip PMOS substrate-triggering technique in
accordance with the present embodiment. The ESD protec-
tion circuit shown in FIG. 4 comprises an ESD detection
circuit 12 and several ESD protection devices connected
between input pads 120 and 130 and the VDD and VSS
lines. These ESD protection devices include MOS transis-
tors Mp21 and Mn21 connected between input pad 120 and
the VDD and VSS lines, MOS transistors Mp22 and Mn22
connected between input pad 130 and the VDD and VSS
lines and a power rail clamp circuit 22 comprising PMOS
transistor Mp2. In addition, resistors Rwl and Rw2 repre-
sent the parasitic N-well resistors with respect to PMOS
transistors Mp21 and Mp22, respectively.

ESD detection circuit 12 is also connected between the
VDD and VSS lines and outputs substrate-triggering signals
(enabling signals) to turn on PMOS transistors serving as an
ESD protection device, thereby providing more than one
discharge path when an ESD event occurs. ESD detection
circuit 12, slightly different from that of the first
embodiment, includes a resistor R2, a capacitor C2 and an
NMOS transistor Mn2. Resistor R2 and capacitor C2 are
serially connected between the VDD and VSS lines, where
resistor R2 is connected to the VSS line and capacitor C2 is
connected to the VDD line. NMOS transistor Mn2 for ESD
detection has a gate electrode connected to a contact node
(node N3) of resistor R2 and capacitor C2, a drain electrode
(node N4) coupled to the substrates of PMOS transistors
Mp21, Mp22 and Mp2, and source and substrate electrodes
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connected to the VSS line. ESD detection circuit 12 outputs
the substrate-triggering signals via node N4 to turn on these
ESD protection devices.

Since ESD detection circuit 12 cannot affect the normal
operation of the internal circuit and rapidly outputs the
substrate-triggering signals to turn on the ESD protection
devices during an ESD event, the time constant of the RC
circuit of ESD detection circuit 12 is preferably designed to
be about 0.1~1.0 us, able to differentiate between ESD
events and power-on events in ESD detection circuit 12.

The operation of the ESD protection circuit shown in FIG.
4 is described as follows with respect to the four ESD-stress
modes.

PS-mode ESD

When a PS-mode ESD event occurs in input pad 120, part
of the ESD current is bypassed to the VDD line because the
parasitic diode of the PMOS transistor Mp21 is forward-
biased with respect to PS-mode ESD. At this time, in ESD
detection circuit 12, the voltage of node N3 or the gate
electrode of NMOS transistor Mn2 is the same as that of the
VDD line since the voltage of the VDD line is directly
coupled to node N3 via capacitor C2 of the RC circuit. Thus,
the transient voltage of the gate electrode of NMOS tran-
sistor Mn2 is higher than that of its source electrode, equal
to the voltage of the VSS line. NMOS transistor Mn2 is,
therefore, turned on and the ESD current flows from the
VDD line to the VSS line through N-well resistors Rwl and
Rw2. Voltage drop caused by the ESD current through
N-well resistors Rwl and Rw2 can expedite conduction of
lateral pnp BJTs of PMOS transistors Mp21, Mp22 and
Mp2. The ESD current is discharged through PMOS tran-
sistor Mp21 and PMOS transistor Mp2 of power rail clamp
circuit 22 to achieve ESD protection.

NS-mode ESD

When an NS-mode ESD event occurs in input pad 120,
the parasitic diode of NMOS transistor Mn21 is forward-
biased to bypass the negative ESD current to the VSS line
for ESD protection.

PD-mode ESD

When a PD-mode ESD event occurs in input pad 120, the
parasitic diode of PMOS transistor Mp21 is forward-biased
to bypass the ESD current to the VDD line for ESD
protection.

ND-mode ESD

When an ND-mode ESD event occurs in input pad 120,
part of the negative ESD current is bypassed to the VSS line
because the parasitic diode of the NMOS transistor Mn21 is
forward-biased with respect to ND-mode ESD. At this time,
in ESD detection circuit 12, the transient voltage of node N3
or the gate electrode of MOS transistor Mn2 is the same as
that of the VDD line due to the deferral of voltage change
caused by capacitor C2 of the RC circuit. Thus, the voltage
of the gate electrode of NMOS transistor Mn2 is higher than
that of its source electrode. NMOS transistor Mn2 is,
therefore, turned on and the negative ESD current flows
from the VSS line to the VDD line through N-well resistors
Rwl and Rw2. Voltage drop caused by the negative ESD
current through N-well resistors Rwl and Rw2 can expedite
conduction of lateral pnp BJTs of PMOS transistors Mp21,
Mp22 and Mp2. Thus, there are two candidates to bypass the
ESD current from input pad 120 to the VDD line. The first
is the discharge path constituted by NMOS transistor Mn21
and PMOS transistor Mp2 of the power rail clamp circuit 22.
The second is the discharge path constituted by only PMOS
transistor Mp21. The practical discharge path of the ESD
current is determined by the resistance to ground.
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Accordingly, the ESD protection circuit using whole-chip
PMOS substrate-triggering technique of the present embodi-
ment can enable at least two different ESD discharge paths
when a ND-mode ESD event occurs in the input pad. The
ESD current is selectively bypassed through that with the
lowest resistance to ground, thereby avoiding the ESD
current accidentally flowing into the internal circuit due to
layout or position shift of ESD devices during manufacture.

Third Embodiment:

In the first and second embodiments, only NMOS tran-
sistors or PMOS transistors are utilized to achieve ESD
protection. In the present embodiment, both PMOS and
NMOS transistors with a substrate-triggering configuration
are employed to achieve ESD protection. FIG. 5 is a circuit
diagram of the ESD protection circuit using whole-chip
substrate-triggering technique in accordance with the
present embodiment. The ESD protection circuit shown in
FIG. 5 comprises an ESD detection circuit 13 and several
ESD protection devices connected between input pads 120
and 130 and the VDD and VSS lines. These ESD protection
devices include MOS transistors Mp31 and Mn31 connected
between input pad 120 and the VDD and VSS lines, MOS
transistors Mp32 and Mn32 connected between input pad
130 and the VDD and VSS lines and a power rail clamp
circuit 23 comprising an NMOS transistor Mn3 and a PMOS
transistor Mp3. In addition, resistors Rsub3 and Rsub4
shown in FIG. 5 represent the parasitic substrate resistors
with respect to NMOS transistors Mn31 and Mn32, and
resistors Rw3 and Rw4 represent the parasitic N-well resis-
tors with respect to PMOS transistors Mp31 and Mp32,
respectively.

ESD detection circuit 13 is also located between the VDD
and VSS lines and outputs substrate-triggering signals
(enabling signals) to turn on ESD devices of the ESD
protection circuit to enable more than one discharge path
when an ESD event occurs. The ESD detection circuit 13,
different from those of the first and second embodiments,
includes a resistor R3, a capacitor C3, a first inverter
constituted by MOS transistors Mn4 and Mp4 and a second
inverter constituted by MOS transistors MnS and MpS5.
Resistor R3 is connected to the VDD line and capacitor C3
is connected to the VSS line. The first inverter has an input
node NS, namely the gates of MOS transistors Mp4 and
Mn4, connected to the contact node of resistor R3 and
capacitor C3 and an output node N6 connected to the
substrates of the NMOS transistors serving as an ESD
protection devices, including NMOS transistors Mn31,
Mn32 and Mn3. In addition, the second inverter has an input
node, namely the gates of transistor MnS and Mp$, con-
nected to the output node N6 of the first inverter and an
output node N7 connected to the substrates of the PMOS
transistors serving as an ESD protection devices, including
PMOS transistors Mp31, Mp32 and Mp3. Briefly speaking,
the ESD detection circuit 13 outputs a first set of the
substrate-triggering signals from node N6 to trigger the
NMOS transistors of the ESD protection devices, and a
second set of the substrate-triggering signals from node N7
to trigger the PMOS transistors of the ESD protection
devices. Similarly, the time constant of the RC circuit of the
ESD detection circuit 13 is preferably designed to be about
0.1~1.0 us, able to differentiate between ESD events and
power-on events in ESD detection circuit 13.

The operation of the ESD protection circuit shown in FIG.
5 is described as follows with respect to the four ESD-stress
modes.
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PS-mode ESD

When a PS-mode ESD event occurs in input pad 120, part
of the ESD current is bypassed to the VDD line because the
parasitic diode of the PMOS transistor Mp31 is forward-
biased with respect to PS-mode ESD. At this time, in ESD
detection circuit 13, the voltage of node NS or the gate
electrodes of MOS transistors Mp4 and Mn4 in the first
inverter is the same as that of the VSS line due to the deferral
of voltage change caused by capacitor C3 of the RC circuit.
Thus, PMOS transistor Mp4 is turned on since its source
voltage is higher than its gate voltage. As well, NMOS
transistor Mn4 is turned off since its source and gate voltages
are the same. Thus, the ESD current flows from the VDD
line to the VSS line through PMOS transistor Mp4 and
substrate resistors Rsub3 and Rsub4. Voltage drop caused by
the ESD current through substrate resistors can expedite
conduction of lateral npn BJTs of NMOS transistors Mn31,
Mn32 and Mn3. Next, the voltage of node N6 is increased.
NMOS transistor Mn$5 is turned on since its gate voltage is
higher than its source voltage. As well, PMOS transistor
MpS5 is turned off since its source and gate voltages are the
same. Thus, the ESD current flows from the VDD line to the
VSS line through NMOS transistors MnS and N-well resis-
tors Rw3 and Rw4. Voltage drop caused by the ESD current
through N-well resistors can also expedite conduction of
lateral pnp BJTs of PMOS transistors Mp31, Mp32 and
Mp3.

In conclusion, there are four candidates to bypass the
PS-mode ESD current from input pad 120 to the VSS line.
The first is the discharge path constituted by PMOS tran-
sistor Mp31 and PMOS transistor Mp3 of the power rail
clamp circuit 23. The second is the discharge path consti-
tuted by only NMOS transistor Mn31. The third is the
discharge path constituted by PMOS transistor Mp31,
PMOS is transistor Mp32 and NMOS transistor Mn32. The
fourth is the discharge path constituted by PMOS transistor
Mp31 and NMOS transistor Mn3 of the power rail clamp
circuit 23. The practical discharge path of the ESD current
is determined by the resistance to ground.

NS-mode ESD

When an NS-mode ESD event occurs in input pad 120,
the parasitic diode of NMOS transistor Mn31 is forward-
biased to bypass the negative ESD current to the VSS line
for ESD protection.

PD-mode ESD

When a PD-mode ESD event occurs in input pad 120, the
parasitic diode of PMOS transistor Mp31 is forward-biased
to bypass the ESD current to the VDD line for ESD
protection.

ND-mode ESD

When an ND-mode ESD event occurs in input pad 120,
part of the negative ESD current is bypassed to the VSS line
because the parasitic diode of the NMOS transistor Mn31 is
forward-biased with respect to ND-mode ESD. At this time,
in ESD detection circuit 13, the voltage of node N5 or the
gate electrodes of MOS transistor Mp4 and Mn4 in the first
inverter is equal to the voltage of the VSS line plus the
transient ESD voltage due to the coupling effect of capacitor
C3 of the RC circuit. Thus, PMOS transistor Mp4 is turned
on since its source voltage is higher than its gate voltage. As
well, NMOS transistor Mn4 is turned off since its source and
gate voltages are the same. Thus, the negative ESD current
flows from the VSS line to the VDD line through PMOS
transistor Mp4 and substrate resistors Rsub3 and Rsub4.
Voltage drop caused by the negative ESD current through
substrate resistors can expedite conduction of lateral npn
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BITs of NMOS transistors Mn31, Mn32 and Mn3.
Therefore, the voltage of node N6 is the same as that of the
VDD line. NMOS transistor Mn5 is turned on since its gate
voltage is higher than its source voltage. As well, PMOS
transistor Mp5 is turned off since its source and gate voltages
are the same. Thus, the negative ESD current flows from the
VSS line to the VDD line through N-well resistors Rw3 and
Rw4. Voltage drop caused by the ESD current through
N-well resistors can also expedite conduction of lateral pnp
BITs of PMOS transistors Mp31, Mp32 and Mp3.

In conclusion, there are four candidates to bypass the
ND-mode ESD current from input pad 120 to the VDD line.
The first is the discharge path constituted by NMOS tran-
sistor Mn31 and PMOS transistor Mp3 of the power rail
clamp circuit 23. The second is the discharge path consti-
tuted by only PMOS transistor Mp31. The third is the
discharge path constituted by NMOS transistor Mn31,
NMOS transistor Mn32 and PMOS transistor Mp32. The
fourth is the discharge path constituted by NMOS transistor
Mn31 and NMOS transistor Mn3 of the power rail clamp
circuit 23. The practical discharge path of the ESD current
is determined by the resistance to ground.

Accordingly, the ESD protection circuit using whole-chip
substrate triggering technique of the present embodiment
can enable at least four different ESD discharge paths when
a PS-mode or ND-mode ESD event occurs in the input pad.
The ESD current is selectively bypassed through that with
the lowest resistance to ground, thereby avoiding the ESD
current accidentally flowing into the internal circuit due to
layout or position shift of ESD devices during manufacture.

FIG. 6 is a circuit diagram of another example of the ESD
protection circuit using whole-chip substrate-triggering
technique in accordance with the present embodiment, dif-
ferent from that of the ESD protection circuit shown in FIG.
5 in the circuit design of the ESD detection circuit. As shown
in FIG. 6, the ESD detection circuit 13a comprises a resistor
R4, a capacitor C4, a PMOS transistor Mp6 and an NMOS
transistor Mn6. PMOS transistor Mp6 has a gate electrode
(node N8) connected to the contact node of the resistor R4
and the capacitor C4, source and substrate electrodes con-
nected to the VDD line, and a drain electrode (node N9)
connected to the substrates of NMOS transistors of the ESD
protection devices, including NMOS transistors Mn31,
Mn32 and Mn3. NMOS transistor Mné6 has a gate electrode
connected to node N9, source and substrate electrodes
coupled to the VSS line and a drain electrode (node N10)
connected to the substrates of PMOS transistors of the ESD
protection devices, including PMOS transistors Mp31,
Mp32 and Mp3.

The operation of the ESD detection circuit 132 shown in
FIG. 6 is basically the same as that of the ESD detection
circuit 13 shown in FIG. 5. The advantage of such circuit
design is that fewer electronic components are involved and
more layout space is reserved.

Fourth Embodiment:

The first to third embodiments utilize the whole-chip
substrate-triggering technique to design the ESD protection
circuit, but the present embodiment and those following
utilize the whole-chip gate-driven technique to achieve ESD
protection.

FIG. 7 is a circuit diagram of the ESD protection circuit
using whole-chip NMOS gate-driven technique in accor-
dance with the present embodiment. Input pads 120 and 130
connected to internal circuit 1 illustrate the operation of ESD
protection. The ESD protection circuit shown in FIG. 7
comprises an ESD detection circuit 14 and several ESD
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protection devices connected between input pads 120 and
130 and the VDD and VSS lines. These ESD protection
devices include MOS transistors Mp41 and Mn41 connected
between input pad 120 and the VDD and VSS lines, MOS
transistors Mp42 and Mn42 connected between input pad
130 and the VDD/VSS lines and a power rail clamp circuit
24 comprising NMOS transistor Mn7.

ESD detection circuit 14 located between the VDD and
VSS lines transmits several gate-driven signals (enabling
signals) to the NMOS transistors serving as an ESD protec-
tion devices when an ESD event occurs, thereby simulta-
neously enabling more than one ESD discharge path. As
shown in FIG. 7, ESD detection circuit 14 includes a resistor
RS, a capacitor C5, a PMOS transistor Mp7 for ESD
detection and a resistor R6é connected to the drain electrode
of PMOS transistor Mp7. Resistor RS and capacitor C5 are
serially connected between the VDD and VSS lines, where
resistor RS is connected to the VDD line and the capacitor
C5 is connected to the VSS line. PMOS transistor Mp7 has
a gate electrode (node N11) connected to the contact node
between resistor RS and capacitor C5, source and substrate
electrodes connected to the VDD line and a drain electrode
(node N12) connected to resistor R6 and the gate electrodes
of NMOS transistors Mn41, Mn42 and Mn7 serving as an
ESD protection devices. Resistor R6 serves as a load resistor
for producing voltage drop as the ESD current passes. ESD
detection circuit 14 transmits the gate-driven signal via node
N12 to trigger these ESD protection devices. In addition, the
time constant of the RC circuit of the ESD detection circuit
14 is preferably designed to be about 0.1~1.0 us, able to
differentiate between ESD events and power-on events in
ESD detection circuit 14.

The operation of the ESD protection circuit in the present
embodiment is described as follows with respect to the four
ESD-stress modes.

PS-mode ESD

When a PS-mode ESD event occurs in input pad 120, part
of the ESD current is bypassed to the VDD line because the
parasitic diode of the PMOS transistor Mp41 is forward-
biased with respect to PS-mode ESD. At this time, in ESD
detection circuit 14, the voltage of node N11 or the gate
electrode of PMOS transistor Mp7 is the same as that of the
VSS line due to the deferral of voltage change caused by
capacitor C5 of the RC circuit. Thus, the source voltage of
MOS transistor Mp7, the same as the voltage of the VDD
line plus the transient ESD voltage, is higher than its gate
voltage. MOS transistor Mp7 is, therefore, turned on and the
ESD current flows from the VDD line to the VSS line
through PMOS transistor Mp7 and the load resistor R6.
Voltage drop caused by the ESD current through resistor R6
can help to turn on NMOS transistors Mn41, Mn42 and
Mn7. Thus, there are two candidates to bypass the ESD
current from input pad 120 to the VSS line. The first is the
discharge path constituted by PMOS transistor Mp41 and
NMOS transistor Mn7 of the power rail clamp circuit 24.
The second is the discharge path constituted by only NMOS
transistor Mn41. The practical discharge path of the ESD
current is determined by the resistance to ground.

NS-mode ESD

When an NS-mode ESD event occurs in input pad 120,
the parasitic diode of NMOS transistor Mn41 is forward-
biased to bypass the negative ESD current to the VSS line
for ESD protection.

PD-mode ESD

When a PD-mode ESD event occurs in input pad 120, the
parasitic diode of PMOS transistor Mp41 is forward-biased
to bypass the ESD current to the VDD line for ESD
protection.
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ND-mode ESD

When an ND-mode ESD event occurs in input pad 120,
part of the negative ESD current is bypassed to the VSS line
because the parasitic diode of the NMOS transistor Mn41 is
forward-biased with respect to ND-mode ESD. In ESD
detection circuit 14, the voltage of node N11 is the same as
that of the VSS line since the voltage of the VSS line is
coupled to node N11 via the capacitor C5 of the RC circuit.
In other words, the gate voltage of PMOS transistor Mp7 is
equal to the voltage of the VDD line plus the transient
negative ESD voltage. The source voltage of PMOS tran-
sistor Mp7 is, therefore, higher its gate voltage and PMOS
transistor Mp7 is turned on. Thus, the ESD current flows
from the VSS line to the VDD line through PMOS transistor
Mp7 and load resistor R6. Voltage drop caused by the
negative ESD current through the load resistor R6é can help
to turn on NMOS transistors Mn41, Mn42 and Mn7. The
ESD current 120 can be, therefore, discharged through
NMOS transistor Mn41 and NMOS transistor Mn7 of power
rail clamp circuit 24 to achieve ESD protection.

Accordingly, the ESD protection circuit using whole-chip
NMOS gate-driven technique of the present embodiment
can enable at least two different ESD discharge paths when
a PS-mode ESD event occurs in the input pad. The ESD
current is selectively bypassed through that with the lowest
resistance to ground, thereby avoiding the ESD current
accidentally flowing into the internal circuit due to layout or
position shift of ESD devices during manufacture.

Fifth Embodiment:

FIG. 8 is a circuit diagram of the ESD protection circuit
using whole-chip PMOS gate-driven technique in accor-
dance with the present embodiment. The ESD protection
circuit shown in FIG. 8 comprises an ESD detection circuit
15 and several ESD protection devices located between
input pads 120 and 130 and the VDD and VSS lines. These
ESD protection devices include MOS transistors Mp51 and
Mn51 connected between input pad 120 and the VDD and
VSS lines, MOS transistors Mp52 and MnS52 connected
between input pad 130 and the VDD and VSS lines and a
power rail clamp circuit 25 comprising PMOS transistor
MpS8.

Similarly, ESD detection circuit 15 is also located
between the VDD and VSS lines and transmits gate-driven
signals (enabling signals) to the PMOS transistors of the
ESD protection devices, thereby simultaneously enabling
more than one discharge path when an ESD event occurs.
The ESD detection circuit 15 includes a resistor R7, a
capacitor C6, an NMOS transistor Mn8 and a load resistor
R8. Resistor R7 and capacitor C6 are serially connected
between the VDD and VSS lines, where resistor R7 is
coupled to the VSS line and capacitor C6 is coupled to the
VDD line. NMOS transistor Mn8 has a gate electrode
connected to the contact node (node N13) between resistor
R7 and capacitor C6, source and substrate electrodes con-
nected to the VSS line and a drain electrode (node N14)
connected to the load resistor R8 and the gate electrodes of
PMOS transistors Mp51, Mp52 and Mp8. ESD detection
circuit 15 transmits the gate-driven signal via node N14 to
trigger these ESD protection devices. In addition, the time
constant of the RC circuit of the ESD detection circuit 15 is
preferably designed to be about 0.1~1.0 us, able to differ-
entiate between ESD events and power-on events in ESD
detection circuit 15.

The operation of the ESD protection circuit shown in FIG.
8 is described as follows with respect to the four ESD-stress
modes.
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PS-mode ESD

When a PS-mode ESD event occurs in input pad 120, part
of the ESD current is bypassed to the VDD line because the
parasitic diode of the PMOS transistor Mp51 is forward-
biased with respect to PS-mode ESD. At this time, in ESD
detection circuit 15, the voltage of node N13 or the gate
electrode of NMOS transistor Mn8 is the same as that of the
VDD line since the voltage of the VDD line is electrically
coupled to node N13 via capacitor C6 of the RC circuit.
Thus, the gate voltage of NMOS transistor Mn8 is higher
than its source voltage. NMOS transistor MnS8 is, therefore,
turned on and thus the ESD current flows from the VDD line
to the VSS line through the NMOS transistor Mn8 and the
load resistor R8. Voltage drop caused by the ESD current
through the load resistor R8 can help to turn on the PMOS
transistors Mp51, Mp52 and Mp8. The ESD current can be
discharged through PMOS transistor Mp51 and PMOS
transistor Mp8 of power rail clamp circuit 25 to achieve ESD
protection.

NS-mode ESD

When an NS-mode ESD event occurs in input pad 120,
the parasitic diode of NMOS transistor MnS51 is forward-
biased to bypass the negative ESD current to the VSS line
for ESD protection.

PD-mode ESD

When a PD-mode ESD event occurs in input pad 120, the
parasitic diode of PMOS transistor Mp51 is forward-biased
to bypass the ESD current to the VDD line for ESD
protection.

ND-mode ESD

When an ND-mode ESD event occurs in input pad 120,
part of the negative ESD current is bypassed to the VSS line
because the parasitic diode of the NMOS transistor Mn51 is
forward-biased with respect to ND-mode ESD. At this time,
in ESD detection circuit 15, the voltage of node N13 or the
gate electrode of MOS transistor Mn8 is the same as that of
the VDD line due to the deferral of voltage change caused
by capacitor C6 of the RC circuit. Thus, the gate voltage of
NMOS transistor Mn8 is higher than its source voltage, the
same as the voltage of the VSS line plus the transient ESD
voltage. NMOS transistor Mn8 is, therefore, turned on and
thus the ESD current flows from the VSS line to the VDD
line through the NMOS transistor Mn8 and the load resistor
R8. Voltage drop caused by the negative ESD current
through the load resistor R8 can help to turn on PMOS
transistors MpS51, Mp52 and Mp8. Thus, there are two
candidates to bypass the ESD current from input pad 120 to
the VDD line. The first is the discharge path constituted by
NMOS transistor Mn51 and PMOS transistor Mp8 of the
power rail clamp circuit 25. The second is the discharge path
constituted by only PMOS transistor Mp51. The practical
discharge path of the ESD current is determined by the
resistance to ground.

Accordingly, the ESD protection circuit using whole-chip
PMOS gate-driven technique of the present embodiment can
simultaneously enable at least two different ESD discharge
paths when an ND-mode ESD event occurs in the input pad.
The ESD current is selectively bypassed through that with
the lowest resistance to ground, thereby avoiding the ESD
current accidentally flowing into the internal circuitry due to
layout or the positions of the ESD devices.

Sixth Embodiment:

The present embodiment utilizes both PMOS and NMOS
transistors with a gate-driven configuration to achieve ESD
protection. FIG. 9 is a circuit diagram of the ESD protection
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circuit using whole-chip gate-driven technique in accor-
dance with the present embodiment. The ESD protection
circuit shown in FIG. 9 comprises an ESD detection circuit
16 and several ESD protection devices connected between
input pads 120 and 130 and the VDD and VSS lines. These
ESD protection devices include MOS transistors Mp61 and
Mn61 connected between input pad 120 and the VDD and
VSS lines, MOS transistors Mp62 and Mn62 connected
between input pad 130 and the VDD and VSS lines and a
power rail clamp circuit 26 comprising an NMOS transistor
Mn9 and a PMOS transistor Mp9.

ESD detection circuit 16 is also located between the VDD
and VSS lines and transmits gate-driven signals (enabling
signals) to the ESD protection devices to simultaneously
enable more than one discharge path when an ESD event
occurs. The ESD detection circuit shown in FIG. 9 includes
a resistor R9, a capacitor C7, a first inverter constituted by
NMOS transistors Mn10 and PMOS transistor Mp10, and a
second inverter constituted by NMOS transistors Mn13 and
PMOS transistor Mp13. Resistor R9 and capacitor C7 are
serially connected, where resistor R9 is connected to the
VDD line and capacitor C7 is connected to the VSS line. The
first inverter has an input node, formed by the gates of MOS
transistors Mp10 and Mn10 and connected to a contact node
(node N15) of resistor R9 and capacitor C7, and an output
node (node N16), connected to the substrates of the NMOS
transistors serving as an ESD protection devices including
NMOS transistors Mn61, Mn62 and Mn9. In addition, the
second inverter has an input node, formed by the gates of
transistors Mn13 and Mpl3 and connected to the output
node N16 of the first inverter, and an output node (node
N17), connected to the substrates of the PMOS transistors
serving as an ESD protection devices including PMOS
transistors Mp61, Mp62 and Mp9. The ESD detection circuit
16, therefore, transmits a first set of the gate-driven signals
from node N16 to trigger the NMOS transistors of the ESD
protection devices, and a second set of the gate-driven
signals from node N17 to trigger the PMOS transistors of the
ESD protection devices. Similarly, the time constant of the
RC circuit of the ESD detection circuit 16 is preferably
designed to be about 0.1~1.0 us, able to differentiate
between ESD events and power-on events in ESD detection
circuit 13.

The operation of the ESD protection circuit shown in FIG.
5 is described as follows with respect to the four ESD-stress
modes.

PS-mode ESD

When a PS-mode ESD event occurs in input pad 120, part
of the ESD current is bypassed to the VDD line because the
parasitic diode of the PMOS transistor Mp61 is forward-
biased with respect to PS-mode ESD. At this time, in ESD
detection circuit 16, the voltage of node N15 or the gate
electrodes of MOS transistor Mp10 and Mnl0 in the first
inverter is the same as that of the VSS line due to the deferral
of voltage change caused by capacitor C7 of the RC circuit.
Thus, PMOS transistor Mp10 is turned on since its source
voltage is higher than its gate voltage. As well, NMOS
transistor Mnl10 is turned off since its source and gate
voltages are the same. Thus, the voltage of node N16 is close
to that of the VDD line. NMOS transistors Mn61, Mn62 and
Mn9 are turned on since their gate voltages are higher than
their source voltages, respectively. Next, in the second
inverter, NMOS transistor Mn13 is turned on since its gate
voltage is higher than its source voltage. As well, PMOS
transistor Mpl3 is turned off since its source and gate
voltages are the same. Thus, the voltage of node N17 is close
to that of the VSS line. PMOS transistors Mp61, Mp62 and
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Mp9 are turned on since their gate voltages are lower than
their source voltages, respectively.

All NMOS/PMOS transistors are turned on for protection.
Accordingly, there are four candidates to bypass the
PS-mode ESD current from input pad 120 to the VSS line.
The first is the discharge path constituted by PMOS tran-
sistor Mp61 and PMOS transistor Mp9 of the power rail
clamp circuit 26. The second is the discharge path consti-
tuted by only NMOS transistor Mn61. The third is the
discharge path constituted by PMOS transistor Mp61,
PMOS transistor Mp62 and NMOS transistor Mn62. The
fourth is the discharge path constituted by PMOS transistor
Mp61 and NMOS transistor Mn9 of the power rail clamp
circuit 26. The practical discharge path of the ESD current
is determined by the resistance to ground.

NS-mode ESD

When an NS-mode ESD event occurs in input pad 120,
the parasitic diode of NMOS transistor Mné1 is forward-
biased to bypass the negative ESD current to the VSS line
for ESD protection.

PD-mode ESD

When a PD-mode ESD event occurs in input pad 120, the
parasitic diode of PMOS transistor Mp61 is forward-biased
to bypass the ESD current to the VDD line for ESD
protection.

ND-mode ESD

When an ND-mode ESD event occurs in input pad 120,
part of the negative ESD current is bypassed to the VSS line
because the parasitic diode of the NMOS transistor Mn61 is
forward-biased with respect to ND-mode ESD. At this time,
in ESD detection circuit 16, the voltage of node N15 or the
gate electrodes of MOS transistors Mp10 and Mn10 in the
first inverter is the same as that of the VSS line since the
voltage of the VSS line is coupled to node N15 through
capacitor C7 of the RC circuit. Thus, PMOS transistor Mp10
is turned on since its source voltage is higher than its gate
voltage. As well, NMOS transistor Mn10 is turned off since
its source and gate voltages are the same. Thus, the voltage
of node N15 is close to that of the VDD line and NMOS
transistors Mn61, Mn62 and Mn9 are turned on since their
gate voltages are higher than their source voltages, respec-
tively. Next, NMOS transistor Mn13 is turned on since its
gate voltage is higher than its source voltage. As well,
PMOS transistor Mp13 is turned off since the source and
gate voltages are the same. Thus, the voltage of node N16 is
close to that of the VSS line and PMOS transistors Mp61,
Mp62 and Mp9 are turned on since their gate voltages are
lower than their source voltages, respectively.

All of PMOS/NMOS transistors for protection are turned
on. Accordingly, there are four candidates to bypass the
ND-mode ESD current from input pad 120 to the VDD line.
The first is the discharge path constituted by NMOS tran-
sistor Mn61 and PMOS transistor Mp9 of the power rail
clamp circuit 26. The second is the discharge path consti-
tuted by only NMOS transistor Mn61. The third is the
discharge path constituted by PMOS transistor Mp61,
PMOS transistor Mp62 and NMOS transistor Mn62. The
fourth is the discharge path constituted by PMOS transistor
Mp61 and NMOS transistor Mn9 of the power rail clamp
circuit 26. The practical discharge path of the ESD current
is determined by the resistance to ground.

Accordingly, the ESD protection circuit using whole-chip
gate-driven technique of the present embodiment can simul-
taneously enable at least four different ESD discharge paths
when a PS-mode or ND-mode ESD event occurs in the input
pad. The ESD current is selectively bypassed through that
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with the lowest resistance to ground, thereby avoiding the
ESD current accidentally flowing into the internal circuitry
due to layout or the positions of the ESD devices.

FIG. 10 is a circuit diagram of another example of the
ESD protection circuit using whole-chip gate-driven tech-
nique in accordance with the present embodiment, different
from that of the ESD protection circuit shown in FIG. 9 in
the circuit design of the ESD detection circuit. As shown in
FIG. 10, the ESD detection circuit 16a comprises a resistor
R10, a capacitor C8, a PMOS transistor Mp14 and an NMOS
transistor Mn14. PMOS transistor Mp14 has a gate electrode
connected to the contact node of the resistor R10 and the
capacitor C8, source and substrate electrodes connected to
the VDD line, and a drain electrode connected to the
substrates of the NMOS transistors of the ESD protection
devices including NMOS transistors Mn61, Mn62 and Mn9.
NMOS transistor Mn14 has a gate electrode connected to the
drain electrode of PMOS transistor Mp14, source and sub-
strate electrodes connected to the VSS line and a drain
electrode connected to the substrates of the PMOS transis-
tors of the ESD protection devices including PMOS tran-
sistors Mp61, Mp62 and Mp9.

The operation of the ESD detection circuit 16a shown in
FIG. 10 is basically the same as that of the ESD detection
circuit 16 shown in FIG. 9. The advantage of such circuit
design is that fewer electronic components are involved and
more layout space is reserved.

Seventh Embodiment:

In the present embodiment, the ESD protection design of
the present invention is applied to output pads of an inte-
grated circuit. FIG. 11 is a circuit diagram of the ESD
protection circuit using whole-chip protection technique
applied in the output pads in accordance with the present
embodiment. As shown in FIG. 11, numerals 140 and 150
represent output pads. The ESD protection circuit includes
an ESD detection circuit 17 and MOS transistors Mp15 and
MnlS5 connected to the output pad 140 and MOS transistors
Mp16 and Mnl6 connected to the output pad 150, respec-
tively. As an ESD event occurs, the ESD detection circuit 17
transmits triggering signals to the substrates of these ESD
protection devices including PMOS transistors Mpl5 and
Mpl6 and NMOS transistors MnlS5 and Mnl6, thereby
providing a plurality of ESD discharge paths. In addition,
resistors RsubS and Rsub6 represent the substrate resistors
of NMOS transistors Mnl5 and Mnl6, and resistors Rw5
and Rwé represent the N-well resistors of PMOS transistors
Mp15 and Mpl6. When an ESD event occurs in the output
pads 140 and 150, the ESD current can automatically be
bypassed through one of these ESD protection devices
connected between the VDD/VSS lines with the lowest
resistance to ground to achieve ESD protection.

While the invention has been described by way of
example and in terms of the preferred embodiments, it is to
be understood that the invention is not limited to the
disclosed embodiments. To the contrary, it is intended to
cover various modifications and similar arrangements (as
would be apparent to those skilled in the art). Therefore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What is claimed is:

1. An electrostatic discharge (ESD) protection circuit used
in an integrated circuit with a pad, a VDD line and a VSS
line, comprising:

a plurality of ESD protection devices connected between

two of the pads, the VDD line and the VSS line,
respectively; and
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an ESD detection circuit connected between the VDD line
and the VSS line, for generating enabling signals as an
ESD current with respect to an ESD-stress mode hap-
pens in the pad and flows to the VDD line or VSS line,
the enabling signals enabling the ESD protection
devices and activating at least two discharge paths
constituted by the ESD protection devices to bypass the
ESD current.

2. The ESD protection circuit as claimed in claim 1,
wherein the ESD protection devices include a metal-oxide-
semiconductor (MOS) transistor.

3. The ESD protection circuit as claimed in claim 2,
wherein one of the enabling signals is a substrate-triggering
signal received by a substrate of the MOS transistor.

4. The ESD protection circuit as claimed in claim 2,
wherein one of the enabling signals is a gate-driven signal
received by a gate of the MOS transistor.

5. The ESD protection circuit as claimed in claim 1,
wherein the ESD detection circuit comprises:

a resistor and a capacitor serially connected between the

VDD line and the VSS line; and

a first MOS transistor having a gate electrode connected
to a contact node of the resistor and the capacitor, a
source electrode connected to the VDD or VSS line,
and a drain electrode for outputting the enabling sig-
nals.

6. The ESD protection circuit as claimed in claim 5,
wherein the first MOS transistor is a PMOS transistor and
the ESD protection devices are NMOS transistors.

7. The ESD protection circuit as claimed in claim 5,
wherein the first MOS transistor is an NMOS transistor and
the ESD protection devices are PMOS transistors.

8. The ESD protection circuit as claimed in claim 1,
wherein the ESD detection circuit comprises:

a resistor and a capacitor serially connected between the

VDD line and the VSS line;

a first inverter having an input node connected to a contact
node of the resistor and the capacitor and an output
node for outputting a first set of the enabling signals to
enable NMOS transistors of the ESD protection
devices; and

a second inverter having an input node connected to the
node of the first inverter and an output node for
outputting a second set of the enabling signals to enable
PMOS transistors of the ESD protection devices.

9. The ESD protection circuit as claimed in claim 1,

wherein the ESD detection circuit comprises:

a resistor and a capacitor serially connected between the
VDD line and the VSS line;

a first PMOS transistor having a gate electrode connected
to a contact node of the resistor and the capacitor, a
source electrode connected to the VDD line and a drain
electrode for outputting a first set of the enabling
signals to enable NMOS transistors of the ESD pro-
tection devices; and

a first NMOS transistor having a gate electrode connected
to the drain electrode of the first PMOS transistor, a
source electrode connected to the VSS line and a drain
electrode for outputting a second set of the enabling
signals to enable PMOS transistors of the ESD protec-
tion devices.

10. An electrostatic discharge (ESD) protection circuit
used in an integrated circuit with a plurality of pads, a VDD
line and a VSS line, comprising:

a power rail clamp circuit connected between the VDD

line and the VSS line;
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a plurality of first ESD protection devices implemented by
PMOS transistors and connected between the corre-
sponding pads and the VDD line; and

a plurality of second ESD protection devices implemented
by NMOS transistors and connected between the cor-
responding pads and the VSS line; and

an ESD detection circuit connected between the VDD line
and the VSS line, for generating enabling signals as an
ESD current with respect to an ESD-stress mode flows
from the pad and to the VDD or VSS line through one
of the first ESD protection devices and the second ESD
protection devices, the enabling signals enabling at
least two the first ESD protection devices, the second
ESD protection devices and the power rail clamp
circuit to bypass the ESD current.

11. The ESD protection circuit as claimed in claim 10,
wherein the enabling signals are substrate-triggering signals
to enable the first ESD protection devices, the second ESD
protection devices and the power rail clamp circuit.

12. The ESD protection circuit as claimed in claim 10,
wherein the enabling signals are gate-driven signals to
enable the first ESD protection devices, the second ESD
protection devices and the power rail clamp circuit.

13. The ESD protection circuit as claimed in claim 10,
wherein the ESD detection circuit comprises:

a resistor and a capacitor serially connected between the

VDD line and the VSS line; and

a first MOS transistor having a gate electrode connected
to a contact node of the resistor and the capacitor, a
source electrode connected to the VDD or VSS line,
and a drain electrode for outputting the enabling sig-
nals.

14. The ESD protection circuit as claimed in claim 13,
wherein the first MOS transistor is a PMOS transistor and
transmits the enabling signals to enable NMOS transistors in
the second ESD protection devices and the power rail clamp
circuit.

15. The ESD protection circuit as claimed in claim 13,
wherein the first MOS transistor is an NMOS transistor and
transmits the enabling signals to enable PMOS transistors in
the first ESD protection devices and the power rail clamp
circuit.

16. The ESD protection circuit as claimed in claim 10,
wherein the ESD detection circuit comprises:

a resistor and a capacitor serially connected between the

VDD line and the VSS line;

a first inverter having an input node connected to a contact
node of the resistor and the capacitor and an output
node for outputting a first set of the enabling signals to
enable NMOS transistors in the second ESD protection
devices and the power rail clamp circuit; and

a second inverter having an input node connected to the
output node of the first inverter and an output node for
outputting a second set of the enabling to enable PMOS
transistors in the first ESD protection devices and the
power rail clamp circuit.

17. The ESD protection circuit as claimed in claim 10,

wherein the ESD detection circuit comprises:

a resistor and a capacitor serially connected between the
VDD line and the VSS line;

a first PMOS transistor having a gate electrode connected
to a contact node of the resistor and the capacitor, a
source electrode connected to the VDD line and a drain
electrode for outputting a first set of the enabling
signals to enable NMOS transistors in the second ESD
protection devices and the power rail clamp circuit; and
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a first NMOS transistor having a gate electrode connected signals to enable PMOS transistors in the first ESD
to the drain electrode of the first PMOS transistor, a protection devices and the power rail clamp circuit.

source electrode connected to the VSS line and a drain
electrode for outputting a second set of the enabling * ok k& ok
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