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POWER-RAIL ESD PROTECTION CIRCUIT
WITH ULTRA LOW GATE LEAKAGE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a Divisional of U.S. application Ser. No.
11/987,222 filed Nov. 28, 2007 now U.S. Pat. No. 7,755,871.
This application claims priority to U.S. application Ser. No.
11/987,222 filed Nov. 28, 2007, which is incorporated by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a power-rail electrostatic
discharge (ESD) protection circuit. In particular, the present
invention relates to a power-rail ESD protection circuit with
ultra-low gate leakage.

2. Description of the Prior Art

In CMOS technology, the device dimension of transistor
has been scaled toward the nanometer region. As MOS tran-
sistors get smaller and the gate oxide gets thinner, tunneling
current through the isolation barrier becomes a non-negli-
gible component with a potential impact on circuit operation
and performance. More specifically, the high gate current will
render traditional power-rail ESD clamps circuit mal-func-
tional, necessitating modification to existing circuits to mini-
mize sensitivity to the MOS capacitor gate tunneling leakage.

A power-rail ESD clamp circuit provides a low-impedance
path from VDD to VSS for ESD current. FIG. 1 shows the
classic RC-triggered power-rail ESD clamp circuit. Under
normal circuit operation conditions, the input end of the
inverter has a high voltage level. Accordingly, the output end
of'the inverter has a low voltage level and the clamping device
12 (i.e. the NMOS) is turned off. Once VDD is zapped by a
positive ESD stress with VSS grounded, the input end of the
inverter initially has a low voltage level relative to that of
VDD. Therefore, the output end of the inverter generates a
high voltage level and turns the ESD clamping device 12 on to
provide alow-impedance path from VDD to VSS to discharge
the ESD current.

FIG. 2 shows a classic CR-coupled power-rail ESD clamp
circuit. These circuits, or aminor variation of them, have been
widely used in ESD protection. Key design parameters for
such power supply clamp include the clamped voltage, the
layout area, the quiescent VDD to VSS leakage current, and
the immunity to mistriggering during normal operation and
power-up conditions.

In the circuits shown in FIG. 1 and FIG. 2, the capacitors
are formed with metal-oxide-semiconductor field-effect tran-
sistors (MOSFETs). In practice, this necessitates the use of a
large area capacitor. A thin gate oxide MOS can product
larger capacitance than thick gate oxide MOS in the same
area. The thin gate oxide MOS capacitor can be used to reduce
the ESD protection circuit area but suffering gate tunneling
leakage.

For advanced technologies with very thin gate oxide. The
thinner gate oxide MOS capacitor gets the smaller capacitor
area. The thin gate oxide MOS capacitor in the detecting
circuit 14 is associated with significant stand-by power con-
sumption because of the large gate tunneling leakage current.
Further, the large gate leakage current of the classic RC-
triggered power-rail clamp circuit and CR-coupled power-
rail clamp circuit may cause the clamping device 12 mistrig-
gered. Due to these problems, modified power clamps with a
ultra-low gate leakage are highly desirable. The requirement
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2

for an improved power-rail ESD clamp circuit is not just
reduction of the capacitor size, but reduction of the gate
leakage current at the same time to avoid mistriggering the
clamping device 12.

SUMMARY OF THE INVENTION

The main scope of the invention is to provide ESD protec-
tion circuits for solving the aforementioned problems.
According to the invention, the connecting configuration of
this gate oxide MOS capacitor is variable under different
operation conditions.

An embodiment according to the invention is an ESD pro-
tection circuit including a clamping module and a detecting
module. The clamping module is coupled between a positive
power line and a negative power line. The detecting module
includes a triggering unit, a resistor, and a thin gate oxide
MOS capacitor. The triggering unit has an input terminal, an
output terminal, and a switching terminal. The output termi-
nal is coupled to and used for triggering the clamping module.
The resistor is coupled between the negative power line and
the input terminal of the triggering unit. The thin gate oxide
MOS capacitor has a first end and a second end. The first end
is coupled to the input terminal of the triggering unit; the
second end is switched to the positive power and negative
power by switch terminal of trigger unit to solve the thin gate
oxide leakage problem.

During a normal power operation, the switching terminal
of the triggering unit enables the second end of the MOS
capacitor to be coupled with the negative power line. In an
ESD event, the switching terminal of the triggering unit
enables the second end of the MOS capacitor to be coupled
with the positive power line. Thereby, during normal power
operations, the gate tunneling leakage is eliminated. More-
over, the problem of mistriggering can be prevented.

The advantage and spirit of the invention may be under-
stood by the following recitations together with the appended
drawings.

BRIEF DESCRIPTION OF THE APPENDED
DRAWINGS

FIG.1 and FIG. 2 show ESD circuits disclosed in prior arts.

FIG. 3 illustrates an ESD protection circuit in an embodi-
ment according to the invention.

FIG. 4(A) and FIG. 4(B) show exemplary embodiments of
the detecting module according to the invention.

FIG. 5 illustrates a simplified detecting module according
to the invention.

DETAILED DESCRIPTION OF THE INVENTION

Please refer to FIG. 3, which illustrates the ESD protection
circuit in an embodiment according to the invention. This
ESD protection circuit includes a clamping module 82 and a
detecting module 84. As shown in FIG. 3, the clamping mod-
ule 82 is coupled between a positive power line (VDD) and a
negative power line (VSS). The detecting module 84 includes
a triggering unit 84A, a resistor (R), and a MOS gate oxide
capacitor (C).

The triggering unit 84 A has an input terminal (1), an output
terminal (O), and a switching terminal (S). The output termi-
nal (O) is coupled to and used for triggering the clamping
module 82. The resistor, which can be replaced as a MOS
resistor, is coupled between negative power line (VSS) and
the input terminal (I). A first end of the capacitor is also
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coupled to the input terminal (I), and a second end of the
capacitor is selectively coupled positive power line (VDD) or
negative power line (VSS).

In this embodiment, the thin gate oxide MOS capacitor is a
PMOS with its gate terminal as the first end; the source, drain
and bulk terminals of the PMOS are coupled together as the
second end. In other applications, the PMOS can be replaced
by an NMOS. In practice, the first end and the second end can
be swap.

According to the invention, in an ESD event, the switching
terminal (S) enables the second end of the capacitor to be
coupled with VDD. Thereby, the capacitor and the resistor are
connected in series between VDD/VSS and function as the
CR combination in FIG. 2.

On the contrary, during normal power operations, the
switching terminal (S) enables the second end of the capacitor
to be coupled with VSS. In this configuration, both ends of the
capacitor are substantially coupled to VSS. Hence, there is
nearly no gate tunneling leakage through the capacitor. Fur-
ther, since the voltage at the input terminal (I) will not be
affected by gate tunneling leakage, and the problem of mis-
triggering is accordingly prevented.

FIG. 4(A) and FIG. 4(B) show exemplary embodiments of
the detecting module 84. In these two examples, the trigger-
ing unit 84 A includes two inverters (A1 and A2). The output
end of the inverter A2 is the output terminal (O). The output
end of the inverter Al is the switching terminal (S). In FIG.
4(A), the switches controlled by the switching terminal (S)
respectively comprise an inverter and a transmission gate. In
FIG. 4(B), the switch between VDD and the capacitor is a
PMOS; the switch between VSS and the capacitor is an
NMOS.

Moreover, it can be seen the two MOSs functioning as
switches in FIG. 4(B) are equivalent to an inverter. Therefore,
the circuit in FIG. 4(B) can be further simplified into that
shown in FIG. 5.

According to the invention, the thin gate oxide MOS
capacitor in the ESD detecting unit is coupled to different
power lines during normal power operation and in an ESD
event. Because the two ends of the capacitor are substantially
coupled to the same power line, the problems of gate tunnel-
ing leakage and mistriggering can be effectively prevented.

With the example and explanations above, the features and
spirits of the invention will be hopefully well described.
Those skilled in the art will readily observe that numerous
modifications and alterations of the device may be made
while retaining the teaching of the invention. Accordingly, the
above disclosure should be construed as limited only by the
metes and bounds of the appended claims.

What is claimed is:
1. An electrostatic discharge (ESD) protection circuit,
comprising:

a clamping module coupled between a positive power line
and a negative power line; and

a detecting module, comprising:

atriggering unit having an input terminal, an output termi-
nal, and a switching terminal, the output terminal being
coupled to and used for triggering the clamping module;

a resistor coupled between the negative power line and the
input terminal of the triggering unit; and
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a MOS capacitor having a first end and a second end, the
first end being coupled to the input terminal of the trig-
gering unit;

wherein during a normal power operation, the switching
terminal of the triggering unit enables the second end of
the MOS capacitor to be coupled with the negative
power line; in an ESD event, the switching terminal of
the triggering unit enables the second end of the MOS
capacitor to be coupled with the positive power line.

2. The ESD protection circuit of claim 1, wherein the

triggering unit comprises:

afirst inverter having a first input end and a first output end,
the first input end being the input terminal of the trig-
gering unit, the first output end being the switching
terminal of the triggering unit;

a second inverter having a second input end and a second
output end, the second input end being coupled to the
first output end, the second output end being the output
terminal of the triggering unit;

a first switch controlled by the switching terminal and
coupled between the MOS capacitor and the negative
power line; during the normal power operation, the first
switch being switched to couple the second end of the
MOS capacitor with the negative power line; and

a second switch controlled by the switching terminal and
coupled between the MOS capacitor and the positive
power line; in the ESD event, the second switch being
switched to couple the second end of the MOS capacitor
with the positive power line.

3. The ESD protection circuit of claim 2, wherein the first
switch and the second switch respectively comprise transmis-
sion gates, and inverters.

4. The ESD protection circuit of claim 2, wherein the first
switch comprises an NMOS; the second switch comprises a
PMOS.

5. The ESD protection circuit of claim 2, wherein the
triggering unit further comprises M second inverters coupled
between the second output end and the clamping module, and
M is an even number.

6. The ESD protection circuit of claim 1, wherein the MOS
capacitor is a PMOS, a gate terminal of the PMOS is the first
end; a source terminal and a drain terminal of the PMOS are
coupled together as the second end.

7. The ESD protection circuit of claim 1, wherein the
resistor is replaced as a MOS resistor.

8. The ESD protection circuit of claim 1, wherein the MOS
capacitor is an NMOS, a gate terminal of the NMOS is the
second end; a source terminal and a drain terminal of the
NMOS are coupled together as the first end.

9. The ESD protection circuit of claim 1, wherein the
triggering unit comprises:

afirst inverter having a first input end and a first output end,
the first input end being the input terminal of the trig-
gering unit, the first output end being the switch terminal
of the triggering unit; and

a second inverter having a second input end and a second
output end, the second input end being coupled to the
first output end, the second output end being the output
terminal and the switching terminal of the triggering
unit.



