ESD PROTECTION CIRCUIT AND SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED APPLICATION

[ 0001] This application claims priority to Chinese Patent Application No.
202110260635.5 filed on March 10, 2021, and entitled "ESD PROTECTION CIRCUIT
AND SEMICONDUCTOR DEVICE", the disclosure of which is hereby incorporated by

reference in its entirety.

TECHNICAL FIELD
[ 0002] The present application relates to, but is not limited to, an ESD protection circuit
and a semiconductor device.
BACKGROUND
[ 0003] In recent years, with the rapid development of integrated circuit technology, a

line width of a metal oxide semiconductor (MOS) transistor has become narrower and
narrower, a junction depth has become shallower and shallower, and a thickness of a gate
oxide layer has become less and less. These have increased a need of a circuit design for
electro-static discharge (ESD) protection. When the line width is 1 um, an ESD event has
little impact on a circuit, when the line width is 0.18 um or 0.13 pm, especially when the

line width is less than 90 nm, ESD has become an urgent problem.

[ 0004] FIG. 1A is a schematic structural diagram of an existing circuit. Referring to
FIG. 1A, an internal circuit 10 is electrically connected to a first pad VDD and a second
pad VSS, respectively. When static electricity is generated on one of the pads (such as the
first pad VDD), the static electricity will flow through the internal circuit 10, thereby

causing the internal circuit 10 to be damaged by the static electricity.

[ 0005] In order to prevent the internal circuit from being damaged by the static

electricity, a clamp circuit including a clamp transistor is usually used as a protection
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solution for an electro-static discharge (ESD) protection circuit. FIG. 1B is a schematic
structural diagram of an existing circuit provided with an ESD protection circuit. Referring
to FIG. 1B, the internal circuit 10 is electrically connected to the first pad VDD and the
second pad VSS, respectively, and the ESD protection circuit 11 is also electrically
connected to the first pad VDD and the second pad VSS, respectively, that is, the ESD
protection circuit 11 is connected in parallel with the internal circuit 10. When static
electricity is generated on one of the pads (for example, the first pad VDD), the static
electricity will be discharged through the ESD protection circuit 11 instead of flowing
through the internal circuit 10, thereby protecting the internal circuit 10 and avoiding the

internal circuit 10 from being damaged by the static electricity.

[ 0006] However, the existing ESD protection circuit has a large error in identifying
normal power-on and electro-static power-on, which may cause a false start, and the

existing ESD protection circuit cannot fully discharge the electro-static charges.

SUMMARY

[ 0007] According to some embodiments of the present application, an ESD protection
circuit is provided, which is electrically connected to a first pad and a second pad. The
ESD protection circuit includes: an ESD transistor having a control terminal, a first
terminal electrically connected to the first pad, a second terminal electrically connected to
the second pad, and a substrate terminal; and an electro-static pulse detection circuit having
an upper terminal electrically connected to the first pad, a lower terminal electrically
connected to the second pad, and an output terminal electrically connected to the control

terminal and the substrate terminal.

[ 0008] According to some embodiments of the present application, a semiconductor
device is further provided, which includes an ESD protection circuit electrically connected

to a first pad and a second pad. The ESD protection circuit includes:

[ 0009] an ESD transistor having a control terminal, a first terminal electrically
connected to the first pad, a second terminal electrically connected to the second pad, and

a substrate terminal; and



[0010] an electro-static pulse detection circuit having an upper terminal electrically
connected to the first pad, a lower terminal electrically connected to the second pad, and
an output terminal electrically connected to the control terminal and the substrate terminal

of the ESD transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[ 0011] In order to describe the technical solutions of the embodiments of the present
application more clearly, drawings required to be used in the embodiments of the present
application will be briefly introduced below. Apparently, the drawings described below
are only some embodiments of the present application. Those of ordinary skill in the art

also can obtain other drawings according to these drawings without doing creative work.
[0012] FIG. 1A is a schematic structural diagram of an existing circuit;

[ 0013] FIG. 1B is a schematic structural diagram of an existing circuit provided with an

ESD protection circuit;

[0014] FIG. 2 is a schematic diagram of application of an ESD protection circuit

according to a first embodiment of the present application;

[ 0015] FIG. 3 is a schematic diagram of application of an ESD protection circuit

according to a second embodiment of the present application;

[ 0016] FIG. 4 is a schematic diagram of application of an ESD protection circuit

according to a third embodiment of the present application;

[0017] FIG. 5 is a schematic diagram of application of an ESD protection circuit

according to a fourth embodiment of the present application;

[ 0018] FIG. 6 is a schematic diagram of application of an ESD protection circuit

according to a fifth embodiment of the present application;

[0019] FIG. 7 is a schematic diagram of application of an ESD protection circuit

according to a sixth embodiment of the present application;



[ 0020] FIG. 8 is a schematic top view of a semiconductor structure, that forms an ESD
transistor, of a semiconductor device according to a seventh embodiment of the present

application;

[ 0021] FIG. 9 is a schematic top view of a semiconductor structure, that forms an ESD
transistor, of a semiconductor device according to an eighth embodiment of the present

application;

[ 0022] FIG. 10 is a schematic top view of a semiconductor structure, that forms an ESD
transistor, of a semiconductor device according to a ninth embodiment of the present

application; and

[ 0023] FIG. 11 is a schematic cross-sectional view of the structure shown in FIG. 9.
DETAILED DESCRIPTION
[ 0024] In order to make the objectives, technical solutions, and advantages of the

embodiments of the present application clearer, the technical solutions in the embodiments
of the present application will be clearly and completely described below with reference
to the drawings in the embodiments of the present application. It is apparent that the
described embodiments are a part of the embodiments of the present application, not all of
the embodiments. All other embodiments obtained by those of ordinary skill in the art
based on the embodiments of the present application without creative efforts should fall

within the scope of protection of the present application.

[ 0025] FIG. 2 is a schematic diagram of application of an ESD protection circuit
according to a first embodiment of the present application. Referring to FIG. 2, an internal
circuit 20 is electrically connected to a first pad VDD and a second pad VSS, respectively,
and an ESD protection circuit 21 is also electrically connected to the first pad VDD and
the second pad VSS, respectively, that is, the ESD protection circuit 21 is connected in
parallel with the internal circuit 20. When static electricity is generated on one of the pads
(for example, the first pad VDD), the static electricity will be discharged through the ESD
protection circuit 21 instead of flowing through the internal circuit 20, thereby protecting

the internal circuit 20 and avoiding the internal circuit 20 from being damaged by the static
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electricity.

[ 0026] In the present embodiment, the first pad VDD is a power pad, and the second
pad VSS is a ground pad. In other embodiments of the present application, the first pad is
a ground pad, and the second pad is a power pad, or both of them are power pads or ground

pads.

[ 0027] The ESD protection circuit 20 of the present application includes an ESD
transistor Mesd and an electro-static pulse detection circuit 201. The ESD transistor Mesd
has a control terminal, a first terminal, a second terminal, and a substrate terminal. The
first terminal is electrically connected to the first pad VDD, and the second terminal is
electrically connected to the second pad VSS. The electro-static pulse detection circuit 201
has an upper terminal, a lower terminal, and an output terminal. The upper terminal is
electrically connected to the first pad VDD, and the lower terminal is electrically connected
to the second pad VSS. The output terminal is electrically connected to the control terminal

and the substrate terminal of the ESD transistor Mesd.

[ 0028] According to the ESD protection circuit of the present application, the electro-
static pulse detection circuit 201 detects a pulse to distinguish a normal power-on pulse
and an electro-static power-on pulse of a power supply, thereby avoiding false start of the
ESD protection circuit. The electro-static pulse detection circuit 201 is configured to
prolong the delay time, so that the ESD transistor Mesd fully discharges the electro-static
charges. In addition, the output terminal of the electro-static pulse detection circuit 201 is
electrically connected to the control terminal and the substrate terminal of the ESD
transistor Mesd, that is, the control terminal and the substrate terminal of the ESD transistor
Mesd are short-circuited, thus increasing the potential of the substrate terminal, so that a
threshold voltage of the ESD transistor Mesd is reduced, and the trench conductivity is
improved. When static electricity is generated, the electro-static charges can be quickly
discharged by the ESD transistor Mesd, so that the electro-static charge discharge

performance of the ESD protection circuit is improved.

[ 0029] In the present embodiment, the ESD transistor Mesd is a Negative channel Metal
Oxide Semiconductor (NMOS) transistor. A first terminal of the NMOS transistor is
electrically connected to the first pad VDD, and a second terminal of the NMOS transistor

is electrically connected to the second pad VSS. The first terminal of the NMOS transistor

5



is a source terminal of the NMOS transistor, and the second terminal of the NMOS
transistor is a drain terminal of the NMOS transistor. Or, the first terminal of the NMOS
transistor is a drain terminal of the NMOS transistor, and the second terminal of the NMOS
transistor is a source terminal of the NMOS transistor. The present application does not

limit thereto.

[ 0030] In the present embodiment, the electro-static pulse detection circuit 201 includes
a capacitor C1 and a resistor R1. The capacitor C1 has a first terminal and a second terminal.
The first terminal of the capacitor C1 serves as the upper terminal of the electro-static pulse
detection circuit 201, that is, the first terminal of the capacitor C1 is electrically connected
to the first pad VDD. The resistor R1 has a first terminal and a second terminal. The first
terminal of the resistor R1 serves as the lower terminal of the electro-static pulse detection
circuit 201, that is, the first terminal of the resistor R1 is electrically connected to the
second pad VSS. The second terminal of the resistor R1 and the second terminal of the
capacitor C1 jointly serve as the output terminal of the electro-static pulse detection circuit
201, that is, the second terminal of the resistor R1 and the second terminal of the capacitor
Cl1 are jointly electrically connected to the control terminal and the substrate terminal of

the ESD transistor Mesd.

[0031] In the first embodiment, when the first pad VDD and the second pad VSS are
normally started and normally work, the control terminal of the ESD transistor Mesd is at
a low level, the ESD transistor Mesd is turned off, and a current flows through the internal
current 20 to ensure the normal operation of the internal circuit 20. When static electricity
is generated on the first pad VDD, a voltage of the first pad VDD starts to rise. At this case,
the control terminal of the ESD transistor Mesd is at a high level, then the ESD transistor
Mesd is turned on, and the electro-static charges flow through the ESD transistor Mesd
and are discharged to prevent the internal circuit 20 from being damaged by the static

electricity.

[ 0032] The present application further provides a second embodiment. A difference
between the second embodiment and the first embodiment is that the capacitor and resistor
of the electro-static pulse detection circuit 201 are connected in a different way.
Specifically, referring to FIG. 3, a schematic diagram of application of an ESD protection
circuit according to a second embodiment of the present application is illustrated. In this

embodiment, the electro-static pulse detection circuit 201 includes a resistor R1, a
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capacitor C1, and an inverter P1.

[ 0033] The resistor R1 has a first terminal and a second terminal. The first terminal of
the resistor R1 serves as the upper terminal of the electro-static pulse detection circuit 201,
that is, the first terminal of the resistor R1 is electrically connected to the first pad VDD.
The capacitor C1 has a first terminal and a second terminal. The first terminal of the
capacitor C1 serves as the lower terminal of the electro-static pulse detection circuit 201,
that is, the first terminal of the capacitor C1 is electrically connected to the second pad
VSS. The inverter P1 has an input terminal and an output terminal. The second terminal of
the resistor R1 and the second terminal of the capacitor C1 are electrically connected to
the input terminal of the inverter P1. The output terminal of the inverter P1 serves as the
output terminal of the electro-static pulse detection circuit 201, that is, the output terminal
of the inverter P1 is electrically connected to the control terminal and the substrate terminal

of the ESD transistor Mesd.

[ 0034] In the second embodiment, when the first pad VDD and the second pad VSS are
normally started and normally work, the control terminal of the ESD transistor Mesd is at
a low level, the ESD transistor Mesd is turned off, and a current flows through the internal
current 20 to ensure the normal operation of the internal circuit 20. When static electricity
is generated on the first pad VDD, a voltage of the first pad VDD starts to rise. When the
voltage rises till the inverter P1 can work, the control terminal of the ESD transistor Mesd
is at a high level, then the ESD transistor Mesd is turned on, and the electro-static charges
flow through the ESD transistor Mesd and are discharged to prevent the internal circuit 20

from being damaged by the static electricity.

[ 0035] In the first and second embodiments, in order to distinguish whether it is static
electricity or a transient state of power startup, and to ensure that the Mesd can fully
discharge the electro-static charges within the time when the static electricity is generated,
the RC time constant is usually 0.1-1 microsecond. For example, R1 is a S0K ohm of N+
diffused resistor, and C1 is a 20PF of NMOS capacitor. However, the applicant found that
such a RC time constant design would occupy a relatively large layout space and also cause

a relatively high leakage current.

[ 0036] In order to solve the above problems, the present application further provides a

third embodiment, which can reduce the occupied layout space and greatly reduce the
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leakage current while keeping the original RC time constant unchanged.

[ 0037] FIG. 4 is a schematic diagram of application of an ESD protection circuit
according to a third embodiment of the present application. Referring to FIG. 4, in the third
embodiment, the electro-static pulse detection circuit 201 includes a capacitor C1 and a
diode group D1. The capacitor C1 has a first terminal and a second terminal. The first
terminal of the capacitor C1 serves as the upper terminal of the electro-static pulse
detection circuit 201, that is, the first terminal of the capacitor C1 is electrically connected
to the first pad VDD. The diode group D1 has a first terminal and a second terminal. The
first terminal of the diode group D1 serves as the lower terminal of the electro-static pulse
detection circuit 201, that is, the first terminal of the diode group DI is connected
electrically connected to the second pad VSS. The second terminal of the diode group D1
and the second terminal of the capacitor C1 jointly serve as the output terminal of the
electro-static pulse detection circuit 201, that is, the second terminal of the diode group D1
and the second terminal of the capacitor C1 jointly electrically connected to the control

terminal and the substrate terminal of the ESD transistor Mesd.

[ 0038] In the third embodiment, the diode group D1 is equivalent to the resistor R1 in
the first embodiment. However, compared with the resistor R1 in the first embodiment, the
diode group D1 occupies a very small layout space, and its equivalent resistance is greatly
increased, so that an extremely-low-capacitance capacitor C1 can be used to form an
equivalent RC circuit together with the diode group D1. The third embodiment of the
present application can greatly reduce the occupied layout space and greatly reduce the
capacitance while keeping the RC time constant unchanged. The ESD transistor Mesd can
fully discharge the electro-static charges within the time when the static electricity is
generated. Meanwhile, the leakage current is reduced, and the reliability of the

semiconductor device is improved.

[ 0039] The diode group D1 is formed by multiple diodes connected in series. For
example, in the present embodiment, the diode group D1 is formed by a diode D11 and a
diode D22 connected in series. In other embodiments of the present application, the diode
group D1 can also be formed by other numbers of diodes connected in series according to
a voltage requirement of the control terminal of the ESD transistor Mesd, which is not

limited in the present application.



[ 0040] In the third embodiment, when static electricity is generated on the first pad
VDD, that is, when static electricity is generated in a Positive-to-VSS (PS) mode, the
control terminal of the ESD transistor Mesd is at a high level, then the ESD transistor Mesd
is turned on, and the electro-static charges flow through the ESD transistor Mesd and are
discharged, thereby implementing the ESD protection of the internal circuit 20 in the PS
mode, and avoiding the internal circuit 20 from being damaged by the static electricity.
When static electricity is generated on the second pad VSS, that is, when static electricity
is generated in an Negative-to-VSS (NS) mode, the ESD transistor Mesd is turned off, the
electro-static charges flow through a parasitic diode formed by the ESD transistor Mesd
and are discharged, thereby implementing the ESD protection of the internal circuit 20 in
the NS mode, and avoiding the internal circuit 20 from being damaged by the static

electricity.

[ 0041] The present application further provides a fourth embodiment. A difference
between the fourth embodiment and the third embodiment is that the capacitor and a diode
device of the electro-static pulse detection circuit 201 are connected in a different way.
Specifically, referring to FIG. 5, a schematic diagram of application of an ESD protection
circuit according to a fourth embodiment of the present application is illustrated. In this
embodiment, the electro-static pulse detection circuit 201 includes a diode group DI, a

capacitor C1, and an inverter P1.

[ 0042] The diode group D1 has a first terminal and a second terminal. The second
terminal of the diode group D1 serves as the upper terminal of the electro-static pulse
detection circuit 201, that is, the second terminal of the diode group D1 is electrically
connected to the first pad VDD. The capacitor C1 has a first terminal and a second terminal.
The first terminal of the capacitor C1 serves as the lower terminal of the electro-static pulse
detection circuit 201, that is, the first terminal of the capacitor Cl1 is electrically connected
to the second pad VSS. The inverter P1 has an input terminal and an output terminal. The
first terminal of the diode group D1 and the second terminal of the capacitor Cl1 are
electrically connected to the input terminal of the inverter P1. The output terminal of the
inverter P1 serves as the output terminal of the electro-static pulse detection circuit 201,
that is, the output terminal of the inverter P1 is electrically connected to the control terminal

and the substrate terminal of the ESD transistor Mesd.

[ 0043] In the fourth embodiment, the diode group D1 is equivalent to the resistor R1 in
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the second embodiment. However, compared with the resistor R1 in the second
embodiment, the diode group D1 occupies a very small layout space, and its equivalent
resistance is greatly increased, so that an extremely-low-capacitance capacitor C1 can be
used to form an equivalent RC circuit together with the diode group DI1. The fourth
embodiment of the present application can greatly reduce the occupied layout space and
greatly reduce the capacitance while keeping the RC time constant unchanged. The ESD
transistor Mesd can fully discharge the electro-static charges within the time when the
static electricity is generated. Meanwhile, the leakage current is reduced, and the reliability

of the semiconductor device is improved.

[ 0044] The diode group D1 is formed by multiple diodes connected in series. For
example, in the present embodiment, the diode group D1 is formed by a diode D11 and a
diode D22 connected in series. In other embodiments of the present application, the diode
group D1 can also be formed by other numbers of diodes connected in series according to
a voltage requirement of the control terminal of the ESD transistor Mesd, which is not

limited in the present application.

[ 0045] In the fourth embodiment, when static electricity is generated on the first pad
VDD, that is, when static electricity is generated in a PS mode, the control terminal of the
ESD transistor Mesd is at a high level, then the ESD transistor Mesd is turned on, and the
electro-static charges flow through the ESD transistor Mesd and are discharged, thereby
implementing the ESD protection of the internal circuit 20 in the PS mode, and avoiding
the internal circuit 20 from being damaged by the static electricity. When static electricity
is generated on the second pad VSS, that is, when static electricity is generated in an NS
mode, the ESD transistor Mesd is turned off, the electro-static charges flow through a
parasitic diode formed by the ESD transistor Mesd and are discharged, thereby
implementing the ESD protection of the internal circuit 20 in the NS mode, and avoiding

the internal circuit 20 from being damaged by the static electricity.

[ 0046] In the third and fourth embodiments, the diode group D1 may be formed by at
least one diode connected in series, while in other embodiments of the present application,
the diode of the diode group is formed by a transistor with a gate and a drain which are
short-circuited. Referring to FIG. 6, a schematic diagram of application of an ESD
protection circuit according to a fifth embodiment of the present application is illustrated.

A difference between the fifth embodiment and the third embodiment is that a diode of the
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diode group D1 described in the fifth embodiment is formed by a transistor with a gate and
a drain which are short-circuited. Specifically, in the fifth embodiment, the diode group
D1 is formed by the transistor M1 with the gate and drain being short-circuited and the
transistor M2 with the gate and drain being short-circuited, which are connected in series
with each other. The transistor with the gate and drain which are short-circuited can work

in a saturation region, therefore it is equivalent to a diode.

[ 0047] In other embodiments of the present application, the diode group D1 can also be
formed by other numbers of transistors with gates and drains being short-circuited
connected in series according to a voltage requirement of the control terminal of the ESD

transistor Mesd, which is not limited in the present application.

[ 0048] In the fifth embodiment, the transistor M1 and the transistor M2 which work in
the saturation region are connected in series, and they are equivalent to a resistor with
relatively high resistance, so that a low-capacitance capacitor can be used to form an
equivalent RC circuit together with the diode group D1. That is, compared with the first
embodiment, the present embodiment can greatly reduce the occupied layout space while
keeping the RC time constant unchanged (i.c., the ESD transistor Mesd can fully discharge
the electro-static charges within the time when the static electricity is generated), so that
the overall layout area can be greatly reduced, meanwhile a mode with high resistance and

low capacitor is formed and the leakage current is greatly reduced.

[ 0049] In the fifth embodiment, the conductivity types of the transistors forming the
diode group D1 are the same. For example, the transistor M1 and the transistor M2 are
both NMOS transistors, or the transistor M1 and the transistor M2 are both PMOS
transistors. In other embodiments of the present application, the conductivity types of the
transistors forming the diode group D1 are different. For example, the diode group D1 is
formed by one or more NMOS transistors with their gates and respective drains being
short-circuited and one or more PMOS transistors with gates and drains being short-

circuited, which are connected in series with each other.

[ 0050] The present application further provides a sixth embodiment. A difference
between the sixth embodiment and the fifth embodiment is that the capacitor and the diode
group of the electro-static pulse detection circuit 201 are connected in a different way.

Specifically, referring to FIG. 7, a schematic diagram of application of an ESD protection
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circuit according to a sixth embodiment of the present application is illustrated. In this
embodiment, the electro-static pulse detection circuit 201 includes a diode group D1, a
capacitor C1, and an inverter P1. The diode group D1 is formed by transistors connected
in series with their gates and respective drains being short-circuited. Specifically, in the
sixth embodiment, the diode group D1 is formed by the transistor M1 with the gate and
drain being short-circuited and the transistor M2 with the gate and drain being short-

circuited, which are connected in series with each other.

[ 0051] The diode group D1 has a first terminal and a second terminal. The second
terminal of the diode group D1 serves as the upper terminal of the electro-static pulse
detection circuit 201, that is, the second terminal of the diode group D1 is electrically
connected to the first pad VDD. The capacitor C1 has a first terminal and a second terminal.
The first terminal of the capacitor C1 serves as the lower terminal of the electro-static pulse
detection circuit 201, that is, the first terminal of the capacitor C1 is electrically connected
to the second pad VSS. The inverter P1 has an input terminal and an output terminal. The
first terminal of the diode group D1 and the second terminal of the capacitor C1 are
electrically connected to the input terminal of the inverter P1. The output terminal of the
inverter P1 serves as the output terminal of the electro-static pulse detection circuit 201,
that is, the output terminal of the inverter P1 is electrically connected to the control terminal
and the substrate terminal of the ESD transistor Mesd. The ESD protection circuit of the
present application can avoid the false start of the ESD protection circuit, and can prolong
the delay time, so that the ESD transistor Mesd can fully discharge the electro-static
charges. In addition, the ESD protection circuit of the present application can also greatly
reduce the occupied layout space, reduce the leakage current and improve the reliability of

the semiconductor device.

[ 0052] The present application further provides a semiconductor device which uses the
above-mentioned ESD protection circuit. The semiconductor device of the present
application can avoid false start of the ESD protection circuit. Furthermore, the electro-
static pulse detection circuit is used to prolong the delay time, so that the ESD transistor
fully discharges the electro-static charges, and the reliability of the semiconductor device

is improved.

[ 0053] FIG. 8 is a schematic top view of a semiconductor structure, that forms the ESD

transistor, of a semiconductor device according to a seventh embodiment of the present
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application. Referring to FIG. 8, the semiconductor structure forming the ESD transistor
includes: a semiconductor substrate 700, a well region 710, a source region 720, a drain

region 730, and a gate 740.

[ 0054] The semiconductor substrate 700 may be a monocrystalline silicon substrate, a
Ge substrate, a SiGe substrate, SOI, GOI, or the like. According to the actual requirements
of the device, a suitable semiconductor material can be selected to be manufactured as the
semiconductor substrate 700, which is not limited herein. Multiple connection pads 709

are provided in the semiconductor substrate 700.

[ 0055] The well region 710 is disposed in the semiconductor substrate 700. In the
present embodiment, the ESD transistor is an NMOS transistor, and the well region is a P-
type region. In other embodiments of the present application, the ESD transistor is a PMOS

transistor, and the well region 710 may also be an N-type region.

[ 0056] The source region 720 and the drain region 730 are arranged alternately at
intervals in the well region 710. In the present embodiment, since the well region 710 is a
P-type region, the source region 720 and the drain region 730 are N-type regions. In other
embodiments of the present application, the well region 710 is an N-type region, then the

source region 720 and the drain region 730 are P-type regions.

[ 0057] The gate 740 is disposed on the semiconductor substrate 700 and located
between the source region 720 and the drain region 730, and the gate 740 is electrically
connected to the semiconductor substrate 700. Specifically, the gate 740 is electrically
connected to a connection pad 709 of the semiconductor substrate 700 through the
connection pad 749 to implement the electrical connection between the gate 740 and the
semiconductor substrate 700, that is, the control terminal of the ESD transistor is

electrically connected to the substrate terminal.

[ 0058] In the present embodiment, the semiconductor structure includes one source
region 720, one drain region 730, and one gate 740. In other embodiments of the present
application, the semiconductor structure includes multiple source regions 720, multiple

drain regions 730, and multiple gates 740.

[ 0059] FIG. 9 is a schematic top view of a semiconductor structure, that forms the ESD
transistor, of a semiconductor device according to an eighth embodiment of the present
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application. Referring to FIG. 9, in the present embodiment, the semiconductor structure
includes a first source region 721, a second source region 722, a first drain region 731, a
first gate 741, and a second gate 742. The first drain region 731 is located between the first
source region 721 and the second source region 722; the first gate 741 is located between
the first source region 721 and the first drain region 731; and the second gate 742 is located
between the first drain region 731 and the second source region 722. In this embodiment,
the first drain region 731 serves as a shared drain region. The connection pads 749 of the
first gate 741 and the second gate 742 are electrically connected to a connection pad 709
of the semiconductor substrate 700, so that the first gate 741 and the second gate 742 are
electrically connected to the semiconductor substrate 700, i.e., the control terminal of the
ESD transistor is electrically connected to the substrate terminal. FIG. 10 is a schematic
top view of a semiconductor structure, that forms the ESD transistor, of a semiconductor
device according to a ninth embodiment of the present application. Referring to FIG. 10,
in this embodiment, the semiconductor structure includes multiple source regions, multiple
drain regions, and multiple gates, the multiple source regions and the multiple drain regions
are alternately arranged at intervals, and one gate is arranged between two adjacent source

region and drain region.

[ 0060] Specifically, in the present embodiment, the semiconductor structure includes a
first source region 721, a second source region 722, a first drain region 731, a second drain
region 732, a first gate 741, a second gate 742, and a third gate 743. The first source region
721, the first drain region 731, the second source region 722, and the second drain region
732 are alternately arranged at intervals. The first gate is disposed between the first source
region 721 and the first drain region 731. The second gate 742 is disposed between the first
drain region 731 and the second source region 722. The third gate 743 is disposed between
the second source region 722 and the second drain region 732. It can be understood that in
other embodiments of the present application, multiple source regions, multiple drain
regions, and multiple gates may also be provided according to the above-mentioned
arrangement rules, and descriptions thereof are omitted herein. Taking the structure shown
in FIG. 9 as an example to illustrate the principle that the ESD protection circuit of the
present application can enhance the discharge capacity of the electro-static charge.
Referring to FIG. 11, a schematic cross-sectional view of the structure shown in FIG. 9 is
illustrated. The first gate 741, the second gate 742, and the well region 710 of the ESD

transistor are short-circuited. That is, the control terminal and the substrate terminal of the
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ESD transistor Mesd shown in FIG. 2 are short-circuited, and are connected to the output
terminal of the electro-static pulse detection circuit 201, so that the control terminal and
the substrate terminal of the ESD transistor Mesd are at the equipotential. Compared with
a conventional ESD transistor with a control terminal and a substrate terminal which are
not short-circuited, the ESD transistor Mesd of the present application raises the potential
of the substrate terminal, so that the threshold voltage of the ESD transistor Mesd is
reduced, and the trench conductivity is enhanced. When electro-static charges are
generated, the electro-static charges can be quickly discharged through the ESD transistor
Mesd, which greatly enhances the discharge capacity of the electro-static charge of the

ESD protection circuit.

[ 0061] The above descriptions are only some implementations of the present
application. It should be noted that those of ordinary skill in the art can further make
multiple improvements and retouches without departing from the principles of the present
application. These improvements and retouches shall also all fall within the protection

scope of the present application.
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1. An Electro-Static Discharge (ESD) protection circuit, electrically connected to a first pad

and a second pad, the ESD protection circuit comprising:

an ESD transistor having a control terminal, a first terminal electrically connected to the
first pad, a second terminal electrically connected to the second pad, and a substrate terminal;

and

an electro-static pulse detection circuit having an upper terminal electrically connected
to the first pad, a lower terminal electrically connected to the second pad, and an output terminal

electrically connected to the control terminal and the substrate terminal.

2. The ESD protection circuit of claim 1, wherein the ESD transistor is a Negative channel

Metal Oxide Semiconductor (NMOS) transistor.

3. The ESD protection circuit of claim 1, wherein the electro-static pulse detection circuit

comprises:

a capacitor having a first terminal serving as the upper terminal of the electro-static

pulse detection circuit, and a second terminal; and

a resistor having a first terminal serving as the lower terminal of the electro-static pulse
detection circuit, and a second terminal serving as the output terminal of the electro-static pulse

detection circuit together with the second terminal of the capacitor.

4. The ESD protection circuit of claim 1, wherein the electro-static pulse detection circuit

comprises:

a resistor having a first terminal serving as the upper terminal of the electro-static pulse

detection circuit, and a second terminal;

a capacitor having a first terminal serving as the lower terminal of the electro-static
pulse detection circuit, and a second terminal; and

16



an inverter having an input terminal electrically connected to the second terminal of the
resistor and the second terminal of the capacitor, and an output terminal serving as the output

terminal of the electro-static pulse detection circuit.

5. The ESD protection circuit of claim 1, wherein the electro-static pulse detection circuit

comprises:

a capacitor having a first terminal serving as the upper terminal of the electro-static

pulse detection circuit, and a second terminal; and

a diode group having a first terminal serving as the lower terminal of the electro-static
pulse detection circuit, and a second terminal serving as the output terminal of the electro-static

pulse detection circuit together with the second terminal of the capacitor.

6. The ESD protection circuit of claim 1, wherein the electro-static pulse detection circuit

comprises:

a diode group having a first terminal serving as the upper terminal of the electro-static

pulse detection circuit, and a second terminal;

a capacitor having a first terminal serving as the lower terminal of the electro-static

pulse detection circuit, and a second terminal; and

an inverter having an input terminal electrically connected to the first terminal of the
diode group and the second terminal of the capacitor, and an output terminal serving as the

output terminal of the electro-static pulse detection circuit.

7. The ESD protection circuit of claim 5, wherein the diode group is formed by a plurality of

diodes connected in series.

8. The ESD protection circuit of claim 7, wherein the diode is formed by a transistor with a gate

and a drain which are short-circuited.
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9. The ESD protection circuit of claim 8, wherein the transistor is an NMOS transistor or a

Positive channel Metal Oxide Semiconductor (PMOS) transistor.

10. The ESD protection circuit of claim 9, wherein the diode group is formed by at least one
NMOS transistor with a gate and a drain being short-circuited and at least one PMOS transistor

with a gate and a drain being short-circuited, which are connected in series with each other.

11. The ESD protection circuit of claim 1, wherein the first pad is connected to a power supply,

and the second pad is grounded.

12. A semiconductor device, comprising an Electro-Static Discharge (ESD) protection circuit
electrically connected to a first pad and a second pad, wherein the ESD protection circuit

comprises:

an ESD transistor having a control terminal, a first terminal electrically connected to the
first pad, a second terminal electrically connected to the second pad, and a substrate terminal;

and

an electro-static pulse detection circuit having an upper terminal electrically connected
to the first pad, a lower terminal electrically connected to the second pad, and an output terminal

electrically connected to the control terminal and the substrate terminal.

13. The semiconductor device of claim 12, wherein a semiconductor structure that forms the

ESD transistor comprises:
a semiconductor substrate;
a well region disposed in the semiconductor substrate;

a source region and a drain region which are arranged alternately at intervals and
arranged in the well region; and
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a gate disposed on the semiconductor substrate and located between the source region

and the drain region, the gate being electrically connected to the semiconductor substrate.

14. The semiconductor device of claim 13, wherein the well region is a P-type region, and the

source region and the drain region are N-type regions.

15. The semiconductor device of claim 13, wherein the semiconductor structure further
comprises a first source region, a second source region, a first drain region, a first gate, and a
second gate; wherein the first drain region is located between the first source region and the
second source region; the first gate is located between the first source region and the first drain
region; and the second gate is located between the first drain region and the second source

region.

16. The semiconductor device of claim 13, wherein the semiconductor structure further
comprises a plurality of source regions, a plurality of drain regions, and a plurality of gates,
wherein the plurality of source regions and the plurality of drain regions are arranged alternately

at intervals, and the gate is arranged between two adjacent source region and drain region.
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