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(57) Abstract: The invention relates to a semiconductor device comprising an ESD protection device (200) an ESD protection cir-
cuitry, an integrated circuit and a method of manufacturing a semiconductor device. In a N-well (224) two P+ doped regions (206,
212) are provided forming a collector and emitter of a parasitic transistor T1. The N-well (224) area between the P+ doped regions
(206, 212) forms a base of the parasitic transistor T1. At some distance away from the P+ doped regions (206, 212) an N+ doped re-
gion (220) is provided. The N-well (224) in between the N+ doped region (220) and base of the transistor T1 forms a parasitic resist -
or R1. The N+ doped region (220) and the emitter of the transistor T1 are coupled to each other via an electrical connection (216).
The ESD protection device (200) has a limited snapback behaviour and has a well-tuneable trigger voltage.
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Title : A semiconductor device comprising an ESD protection device, an ESD protection

circuitry, an integrated circuit and a method of manufacturing a semiconductor device

Description

Field of the invention

This invention relates to.

Background of the invention

Electrostatic discharge (ESD) is a problem in the utilization, manufacturing and/or design of
the semiconductor devices. The integrated circuits manufactured on the semiconductor device can
be damaged when ESD events are received from other circuits coupled to the semiconductor
device or from people and/or machinery and tools touching the semiconductor device. During an
ESD event, the integrated circuit may receive a charge which leads to relatively large voltages
during a relatively short period of time. If, for example, the integrated circuit breaks down as the
result of the high voltage and starts to conduct the charge of the ESD event, a current of several
amperes may flow through the integrated circuit during a relatively short period of time. These
currents may cause irreparable damage to the integrated circuit.

Today most integrated circuit comprise ESD protection circuitries that are able to conduct the
charge of an ESD event to, for example, the ground without causing irreparable damage to the
integrated circuit. Such ESD protection circuits are typically arranged near the /O pads of the
semiconductor device and are configured to conduct the charge of the ESD event directly to the
ground before the current may reach the vulnerable portions of the integrated circuit.

Published patent US7196887B2 discloses an ESD protection device as presented in the
cross-sectional view of Fig. 2 of that document, which is Figure 1a of the current application. In the
known prior art device a PMOS transistor is manufactured in a N-doped substrate 116. The N-
doped substrate may also be an N-well in a P doped substrate. In the following the term N-well is
used for this area. The drain and the source of the PMOS transistor are formed by the P+ regions
118, 120 which are isolated from each other by the gate oxide 140 (e.g. polysilicon) above which
the gate 124 of the PMOS transistor is provided. As seen in the Figure 1a, the P+ regions 118, 120
are silicided (regions 132) for allowing a good electrical contact to metal contacts of the contact
layer which may be manufactured on top of the substrate. The silicided regions are not present
below the gate oxide 140 and the polysilicon regions 126 extending in a lateral direction from the
gate. As discussed in the cited patent, the structure also comprises a parasitic lateral PNP
transistor 106 of which the collector is formed by the P+ area 118, the emitter is formed by the P+
area 120, and the base is formed by the N-well formed in the substrate 116. According to the cited
patent, the N-well may be connected to the 10 pad or to the bulk voltage which is assumed to be 0
volts or a lower voltage.

The operational characteristics of the ESD protection device of Figure 1a are presented in

Figure 1b, which is a copy of Fig. 4 of the cited patent. The x-axis represents a voltage received by
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the I/O pad. The y-axis represents a current which flows through the ESD protection device (from
I/O pad to ground). At a first triggering point 404 at trigger voltage Vi1, the current conducted
through the ESD protection device increases while the voltage across the ESD protection device
reduces towards the holding point 406, which the voltage is often termed the holding voltage Vh.
The difference between the trigger voltage Vi1 to the holding voltage Vh is often termed the
shapback voltage Vsp. From the holding point 406 the current through the ESD protection device
increases towards a second triggering point 408 at which the ESD device breaks down. The
operational region between the threshold point 404 and the second triggering point 408 is often
termed the snapback region. The term snapback refers to the phenomena that from the first
threshold point 404 the voltage across the ESD protection device initially decreases and from the
holding point 406 slowly increases. Many ESD protection devices have operational characteristics
which are similar to the characteristics presented in Figure 1b and typically have a snapback
operational region. It is to be noted that the characteristics presented in Figure 1b relate, according
to the cited patent application, to the structure presented in Figure 1a. Most ESD protection device
which have a snapback operational region, have a first triggering voltage V7 that is higher than the
second triggering voltage Vt2.

In many applications, a strong snapback behaviour is not desired and, in other application,
even no snapback behaviour is allowed. Thus, in these applications the snapback voltage Vsp
should be as small as possible. Consequently, the ESD protection device of the cited patent

application can not be used in such applications.

Summary of the invention

The present invention provides a as described in the accompanying claims.
Specific embodiments of the invention are set forth in the dependent claims.
These and other aspects of the invention will be apparent from and elucidated with reference

to the embodiments described hereinafter.

Brief description of the drawings

Further details, aspects and embodiments of the invention will be described, by way of
example only, with reference to the drawings. Elements in the figures are illustrated for simplicity
and clarity and have not necessarily been drawn to scale.

Figure 1a schematically shows a structure of a prior art ESD protection device,

Figure 1b schematically presents the operational characteristics of the prior art ESD
protection device,

Figure 2a schematically presents a cross-sectional view of a structure of the ESD protection
device in a semiconductor substrate,

Figure 2b schematically presents a parasitic transistor and a resistor in the cross-sectional

view of the structure of the ESD protection device of Figure 2a,
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Figure 2c schematically presents the circuit diagram of the ESD protection device of Figure
2a,

Figure 3 presents operational characteristic of an embodiment of the ESD protection device,
and

Figure 4 presents an embodiment of a method of manufacturing a semiconductor device

comprising an ESD protection device.

Detailed description of the preferred embodiments

Figure 2a schematically presents a cross-sectional view of an example of a structure of the
ESD protection device 200 in a substrate 204. In the example of Figure 2a the substrate 204 is of a
P-type. In this P-type substrate 204, an isolated N-well 224 is created which is isolated from
neighbouring structures by Deep Trench Isolation formed by structures 202, 222 (DPI). The N-well
224 is a region in the substrate 204 with a majority of N-dopants. The sheet resistance of the N-
well 224 is at least 150 Ohm/sq. In another embodiment, the sheet resistance of the N-well 224 is
at least 300 Ohm/sq. In yet a further embodiment, the sheet resistance of the N-well 224 is at least
1.5 kOhm/sq. In an area of the N-well 224 an N+ region 220 is manufactured which has a higher N-
dopants concentration than the N-well 224. The top-surface of the N+ region 220 is silicided 218 to
allow a good electrical connection between the N+ region 220 and an electrical connection 216
which is manufactured in one of the other layers of a semiconductor device. Further, in the N-well
224 two P+-regions 206, 212 are also manufactured. The top surfaces of the P+ regions 206, 212
are also silicided 208, 214. The P+ regions 206, 212 have a relatively large amount of P dopants.
In an embodiment, the P+ doping is larger than 1-10"° atoms per cm®. In between the P+ regions
206, 212 is an N-well region. Because the area between the P+ regions 206, 212 is not silicided,
the two P+ regions 206, 212 are not electrically connected to each other. One of the P+ regions
212, which is the P+ region which is closest to the N+ region 220, is electrically connected to the
N+ region 220 via an electrical connection 216 manufactured in other layers of the semi-conductor
device. It is to be noted that no gate is present in the semiconductor device in the area indicated by
area 210. Thus, no thin layer of gate oxide is deposited in area 210 and no electrically conductive
material is present above a layer of gate oxide. In practical embodiments, an isolation layer is
manufactured on top of the substrate 204 through which contacts are created to the P+ regions
206, 212 and the N+ region 220. Usually, when a gate is manufactured on top of the region in
between the P+ regions 206, 212, a region of the Nwell 224 in between the P+ regions 206, 212
has a relatively high N-doping. In the ESD protection device 200 there is no need for such a high
N-doping and, thus, the sheet resistance of the N-well 224 may be relatively large. Further, the
area of a region of the Nwell 224 in between the P+ regions 206, 212 at the first side of the
substrate 204 is unsilicided, which means, no silicidation is performed of this area.

In another optional embodiment, the substrate 204 is an N-doped substrate and no separate

N-well area is present in the semiconductor substrate - hence, the N-doped substrate operates as
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an N-well and no other circuitry is created in this N-doped substrate. In yet another optional
embodiment, the substrate 204 is an N-doped substrate and an area of the N-doped substrate is
isolated by Deep Trench Isolation (DTI) to create an isolated N-doped region which operates as the
N-well of the invention. In yet another embodiment, the N-well is created in a silicon on insulator
technology, wherein a layer of silicon is isolated from other semiconductor material in the same
semiconductor device by an insulator. In the context of the ESD protection devices according to
this document, it is only important that the N-well is an isolated region. How this N-well is isolated
from other components of the semiconductor device does not really matter.

Figure 2b schematically presents a parasitic transistor T1 and resistor R1 in the cross-
sectional view of the structure of the ESD protection device 200. The electrical characteristics of
the ESD protection device 200 are the result of the two parasitic electrical components which are
formed by the structure in the substrate 204. The P-N and N-P junctions in the N-well 224 form a
parasitic bipolar transistor T1. The N-well 224 itself forms a resistor R1 between the N+ region 220
(to which an electrical connection 216 is made) and the base of the transistor T1.

Figure 2c schematically present the circuit diagram 250 of the ESD protection device 200.
The circuit comprises a bipolar transistor T1 of which the collector is connected to terminal 252
which is to be connected to the gnd voltage (0 volts), or in specific applications to the lowest
voltage present in the semiconductor device. The emitter of transistor T1 is connected to terminal
254 which is to be connected to the 10-pad that is configured to provide an electrical connection to
other semiconductor device. The resistor R1 is connected between the base of the transistor T1
and the terminal 254. If the ESD device according to the invention is used to protect a circuitry for
ESD events on the power lines, the terminal 254 is to be connected to the power line.

During an ESD event, no significant current flows from the N-well 224 to the ground gnd
while the reverse biased region N-P+ junction of P+ region 206 remains below the breakdown
voltage. At this time, the reversed biased junction can be considered as high impedance. Then, the
current, generated by the ESD even, increases the voltage across this N-P+ junction until the
breakdown voltage value is reached. Once the breakdown voltage value is reached, it leads to a
creation of avalanche current generated by impact ionization. Holes are diverted to the P+ region
206 while electrons flows to the N+ region 220 via the N-well 224 to the P+ region 206. This
electron current is flowing through the N-Well region which is resistive and it locally increases the
voltage of the base of transistor T1 in the N-Well 224 (base) under P+ region 206 (emitter). Once
the Emitter-base junction of the PNP is forwarded biased, at about 0.6V, then a bipolar effect
appears and the PNP is activated. The breakdown voltage of the N-P+ junction is the trigger
voltage Vt of the ESD protection device 200 (which has the same function as Vt1 of Fig. 1b).
Subsequently, the transistor switches on and conducts current from the P+ region 212 (emitter
transistor) to the P+ region 206 (collector) and, thus, to the ground. This prevents a fast further
increase of the voltage of the ESD event and the impact of the ESD event on other parts of the
circuitry is effectively reduced. Further, the switching on of the transistor T1 results in a relatively
low snapback behaviour. With increasing currents through the transistor, the voltage between

terminal 254 and terminal 252 linearly increases. The breakdown voltage of the N-P+ junction
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between the N-well 224 and the P+ region 206 depends on both the P+ doping and the
concentration of N-dopants in the N-well 224 and is, thus, scalable. Different types of N-wells 224
may be used which are available for manufacturing different types of devices / circuits. It may be an
N-well from regular process to manufacture digital or analogue semiconductor devices, or from a
high-voltage process. These different processes use different N-well dopings, thus, different N-
dopant concentrations. The doping of the P+ region 206 and the N-well 224 doping are configured
to obtain a predefined trigger voltage which is, in an optional embodiment, in between 5 and 15
volts. Semiconductor theory provides the relations between the breakdown = triggering voltage and
the P+ doping and the N-well 224 doping.

Figure 3 presents the results of the tests with the ESD protection device 200 as presented in
Figure 2. The testing is performed with Transmission-line pulse testing (100ns). The x-axis of the
presented chart 300 represents the voltage between the 1/O pad (emitter) combination of the ESD
device and the ground voltage (thus, the voltage between terminals 252, 254). The y-axis
represents the current through the ESD device of the Figure 2. Three different ESD devices were
tested, each with another N-well. Each different ESD device is represented by one of the
abbreviations Nwell1, Nwell2, Nwell3. It is seen in the chart 300 that Nwell1, Nwell2 and Nwell3 (in
combination with the respective P+ doping of the P+ region) have, respectively, a N-P+ junction
breakdown voltage of 8.5, 9.5 and 10.5. It is to be noted that these breakdown voltage have the
same function as the trigger voltage Vt1 of Fig. 1b. It is seen in the chart 300 that the ESD devices
show a relatively small snapback behaviour from the moment in time that the transistor T1 starts to
conduct, which means that the snapback voltage of the ESD devices is relatively low - this is
different from the behaviour of the prior art ESD device, which have a significant snapback
behaviour. In an embodiment, the snapback voltage is in between 0 to 1 volt. In another
embodiment, the snapback voltage is in between 0 and 0.5 volt. Such a snapback voltage is
especially advantageous in situations where the ESD device should not have the snapback
behaviour. It is to be noted that, in line with the discussion in the background of the art section of
this document, the snapback voltage is a difference between the trigger voltage Vt and the holding
voltage Vh. In the prior art device of Fig. 1a, the N-well doping (at least between the P+ regions) is
relatively high because (also) a PMOS transistor is manufactured and a gate is present above the
region in between the two P+ regions. In the current embodiments, the N-well 224 doping is
relatively small because no gate is present above the region in between the P+ regions 206, 212.
The inventors do not want to be held to any specific theory, but they believe that the relatively low
N-well doping, the absence of the gate oxide and the unsilicided area between the two P+ regions
result in another complex avalanche mechanism than in the known embodiment of the background
of the art, and, thus, the snapback voltage is relatively low. It is known from the cited document of
the background of the art section, that the disclosed structure is a PMOS transistor. In order to
manufacture a well-functioning PMOS transistor, the Nwell doping should be relatively large. In the
embodiment of the current application, the Nwell doping is relatively large and is configured,

together with the P doping of the P+ region 206, to define a predefined N-P+ junction breakdown
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voltage. Thus, the trigger voltage of the ESD protection device may be defined very accurately by
choosing a specific Nwell doping and a specific P+ region doping.

Figure 4 presents an embodiment of a method 400 of manufacturing a semiconductor device
comprising an ESD protection device. At the right side of Figure 4 cross-sectional views of
intermediate results 450 of the method are presented. In stage 402 a semiconductor substrate 456
is obtained which comprises an N-well region 454. The semiconductor substrate 456 comprises a
surface 455 at a first side of the substrate 456. One side of the N-well region 454 touches the
surface 455 and extends into the interior of the substrate 456 below the area where the N-well
region 454 touches the surface. The stage of obtaining 402 the semiconductor substrate may
optionally be subdivided in a stage of obtaining 404 a semiconductor substrate which is P doped
and another stage of forming 408 an N-well region in the semiconductor substrate. Furthermore,
the method may optionally comprise a stage of forming 406 an isolated region in the semiconductor
substrate by forming a deep trench isolation 452. The Nwell is formed 408 in the isolated region. It
is to be noted that in the context of the current application it does not really matter how the Nwell is
formed. The only important characteristic of this Nwell is that no other circuitry may influence the
electrical behaviour of this Nwell. Thus, the Nwell needs, in a way, be isolated from the other
circuitry. This may be done by, for example, the mentioned Deep Trench Isolation, but an isolated
N-well may also be created in a Silicon on Insulation (SOI) structure. Thus, the substrate which is
used may be P+/P- doped substrate, or a P- doped substrate only. It is to be noted that the sheet
resistance of the Nwell is in accordance with previously discussed embodiments.

In another stage 410 areas 464 of the surface of the substrate are silicided. The areas
correspond to areas where in other stages P+ and N+ regions are manufactured. In an optional
embodiment, this may be done by creating a patterned photoresist layer 462 at the surface of the
substrate by, for example, known photolithography techniques. When the patterned photoresist
layer 462 is present at the surface, the silicidation of the areas, which are not covered by the
photoresist layer 462, is performed. After the stage of silicidation, the photoresist layer 462 is
removed.

In another stage 412 a first P+ doped region 470 and a second P+ doped region 472 are
formed in the N-well region. In an optional embodiment this may be done by creating a patterned
photoresist layer 468 at the surface of the substrate by, for example, known photolithography
techniques. When the patterned photoresist layer 468 is present at the surface, P implantation 466
are implanted in the regions which are not covered by the pattered photoresist layer. After
implanting the P implantation 466, the photoresist layer 468 is removed. It is to be noted that the
P+ doping of the first P+ region is in accordance with previously discussed embodiments.

In another stage 414 an N+ doped region 478 is formed in the N-well region. In an optional
embodiment this may be done by creating a patterned photoresist layer 476 at the surface of the
substrate by, for example, known photolithography techniques. When the patterned photoresist 476
layer is present at the surface, N implantation 474 is implanted in the region which is not covered
by the pattered photoresist layer. After implanting the P implantation 474, the photoresist layer 476

is removed.
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It is to be noted that, in an optional embodiment, the steps of creating the P+ doped regions
470, 474 may also be performed after manufacturing the N+ region 478 in the N-well.

Optionally, the two P+ doped regions and the N+ doped region are arranged such that the
second P+ doped region is in between the first P+ doped region and the N+ doped region.

In yet a further stage 416 an electrical connection 480 is manufactured between the second
P+ doped region and the N+ doped region. This may be done, for example, by manufacturing
contacts to the P+ doped region and the N+ doped region through an isolation layer which is
manufactured on top of the surface and by creating an electrical connection between the contacts
via a patterned metal layer which is subsequently manufactured on top of the isolation layer.

The above method of manufacturing the semiconductor is described as if it is a method of
manufacturing a single ESD protection device. It is well known in the art that, during the described
stages of the method, also other N-wells, P+ regions, N+ regions, etc., may be manufactured at
other locations of the semiconductor substrate and, thus, the stages of the method may also be

used to manufacture other parts of an integrated circuit as well.

The detailed description above is merely exemplary in nature and is not intended to limit the
invention or the application and uses of the invention. Furthermore, there is no intention to be
bound by any expressed or implied theory presented in the preceding technical field, background,
or the following detailed description. In the foregoing specification, the invention has been
described with reference to specific examples of embodiments of the invention. It will, however, be
evident that various modifications and changes may be made therein without departing from the
broader spirit and scope of the invention as set forth in the appended claims. For example, the
connections may be a type of connection suitable to transfer signals from or to the respective
nodes, units or devices, for example via intermediate devices. Accordingly, unless implied or stated
otherwise the connections may for example be direct connections or indirect connections.

For simplicity and clarity of illustration, the drawing figures illustrate the general manner of
construction, and descriptions and details of well-known features and techniques may be omitted to
avoid unnecessarily obscuring the invention. Additionally, elements in the drawings figures are not
necessarily drawn to scale. For example, the dimensions of some of the elements or regions in the
figures may be exaggerated relative to other elements or regions to help improve understanding of
embodiments of the invention.

As used herein, the term "semiconductor" is intended to include any semiconductor whether
single crystal, poly-crystalline or amorphous and to include type IV semiconductors, non-type IV
semiconductors, compound semiconductors as well as organic and inorganic semiconductors.
Further, the terms "substrate" and "semiconductor substrate" are intended to include single crystal
structures, polycrystalline structures, amorphous structures, thin film structures, layered structures
as for example and not intended to be limiting, semiconductor-on-insulator (SOI) structures, and
combinations thereof. The term "semiconductor" is abbreviated as "SC." For convenience of
explanation and not intended to be limiting, semiconductor devices and methods of fabrication are

described herein for silicon semiconductors but persons of skill in the art will understand that other
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semiconductor materials may also be used. Additionally, various device types and/or doped SC
regions may be identified as being of N type or P type, but this is merely for convenience of
description and not intended to be limiting, and such identification may be replaced by the more
general description of being of a "first conductivity type" or a "second, opposite conductivity type"
where the first type may be either N or P type and the second type then is either P or N type. Thus,
the semiconductor substrate described herein can be any semiconductor material or combinations
of materials, such as gallium arsenide, silicon germanium, silicon-on-insulator (SQOI), silicon,
monocrystalline silicon, the like, and combinations of the above.

The conductors or electrical connection as discussed herein may be illustrated or described
in reference to being a single conductor, a plurality of conductors, unidirectional conductors, or
bidirectional conductors. However, different embodiments may vary the implementation of the
conductors. For example, separate unidirectional conductors may be used rather than bidirectional
conductors and vice versa. Also, plurality of conductors may be replaced with a single conductor
that transfers multiple signals serially or in a time multiplexed manner. Likewise, single conductors
carrying multiple signals may be separated out into various different conductors carrying subsets of
these signals. Therefore, many options exist for transferring signals.

Because the apparatus implementing the present invention is, for the most part, composed
of electronic components and circuits known to those skilled in the art, circuit details will not be
explained in any greater extent than that considered necessary as illustrated above, for the
understanding and appreciation of the underlying concepts of the present invention and in order not
to obfuscate or distract from the teachings of the present invention.

Although the invention has been described with respect to specific conductivity types or
polarity of potentials, skilled artisans appreciated that conductivity types and polarities of potentials

may be reversed.

Moreover, the terms “front,” “back,” “top,” “bottom,” “over,” “under’ and the like in the
description and in the claims, if any, are used for descriptive purposes and not necessarily for
describing permanent relative positions. It is understood that the terms so used are
interchangeable under appropriate circumstances such that the embodiments of the invention
described herein are, for example, capable of operation in other orientations than those illustrated
or otherwise described herein.

However, other modifications, variations and alternatives are also possible. The
specifications and drawings are, accordingly, to be regarded in an illustrative rather than in a
restrictive sense.

In the claims, any reference signs placed between parentheses shall not be construed as
limiting the claim. The word ‘comprising’ does not exclude the presence of other elements or steps
then those listed in a claim. Furthermore, Furthermore, the terms “a” or “an,” as used herein, are
defined as one or more than one. Also, the use of introductory phrases such as “at least one” and
“one or more” in the claims should not be construed to imply that the introduction of another claim
element by the indefinite articles "a" or "an" limits any particular claim containing such introduced

claim element to inventions containing only one such element, even when the same claim includes
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the introductory phrases "one or more" or "at least one" and indefinite articles such as "a" or "an."
The same holds true for the use of definite articles. Unless stated otherwise, terms such as “first”
and “second” are used to arbitrarily distinguish between the elements such terms describe. Thus,
these terms are not necessarily intended to indicate temporal or other prioritization of such
elements The mere fact that certain measures are recited in mutually different claims does not

indicate that a combination of these measures cannot be used to advantage.
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Claims

1. A semiconductor device comprising an ESD protection device (200) for protecting an integrated
circuit on the semiconductor device against ESD event received by the integrated circuit, the ESD
protection device (200) comprising

- an N-well region (224, 454) arranged in a semiconductor substrate (204, 456) of the
semiconductor device and having a surface (455) at a first side of the substrate,

- afirst P+ doped region (206 ,470) in the N-well region (224, 454) for forming a collector (c) of a
parasitic transistor (T1),

- a second P+ doped region (212 ,472) in the N-well region (224, 454) for forming an emitter (e) of
the parasitic transistor (T1), the second P+ doped region (212 ,472) being separated from the first
P+ doped region (206 ,470) by a frist portion of the N-well region (224, 454),

- a N+ doped region (220, 478) in the N-well region (224, 454) for providing an electrical contact
with the N-well region (224, 454), the N+ doped region (220, 478) being arranged at a larger
distance from the first P+ doped region (206, 470) than from the second P+ doped region (212,
472), the N+ doped region (220, 478) being separated from the second P+ doped region (212, 472)
by a second portion of the N-well region (224, 454), and

- an electrical connection (216, 480) between the second P+ doped region (212 ,472) and the N+
doped region (220, 478), the electrical connection (216, 480) being arranged in one or more layers
which are arranged at the first side of the substrate (204, 456),

wherein no gate is present in a layers manufactured at the first side of the substrate (204, 456)
above the first portion of the N-well region (224, 454), the first side of the semiconductor substrate
(204, 456) is unsilicided at the first portion of the N-well region (224, 454), a P+ doping of the first
P+ doped region (206 ,470) and the N-well doping are configured to obtain a predefined trigger
voltage for triggering the operation of the ESD protection device (200).

2. A semiconductor device according to claim 1, wherein the first P+ doped region (206 ,470), the
second P+ doped region (212 ,472) and the N+ doped region (220, 478) are silicided at the first
side of the substrate (204, 456), the first portion of the N-well region (224, 454)is not silicided,

3. A semiconductor device according to any of the preceding claims, wherein the predefined

trigger voltage is in between 5 and 15 volts.

4. A semiconductor device according to any of the preceding claims, wherein the ESD protection
device (200) is configured to have a snapback voltage between 0 volt and 1 volt, wherein the
snapback voltage of the ESD protection device (200) is expressed as an amount by which the
voltage across the ESD protection device (200) is reduced shortly after a start of the operation of
the ESD protection device (200) when the voltage across the ESD protection device (200) has

been reached the predefined trigger voltage.
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5. A semiconductor device according to any of the preceding claims, wherein the sheet resistance
of the N-well region (224, 454) is at least 150 Ohms/sq.

6. A semiconductor device according to any of the preceding claims, wherein the P+ doping of at
least the first P+ doped region (206 ,470) is higher than 1-10"° atoms/cm®.

7. A semiconductor device according to any of the preceding claims, wherein the N-well region

(224, 454) is isolated from neighbouring structures.

8. A semiconductor device according to claim 7, wherein the N-well region (224, 454) is isolated

by means of Deep Trench Isolation (202, 222).

9. A semiconductor device according to any of the preceding claims, wherein the second P+
doped region (212 ,472) is in between the first P+ doped region (206 ,470) and the N+ doped
region (220, 478).

10. A semiconductor device according to any one of the preceding claims, wherein the electrical
connection (216, 480) is also coupled to an I/O pad of the semiconductor device for allowing the
ESD protection device (200) to catch ESD events received by the I/O pad.

11. A semiconductor device according to any the preceding claims, wherein the first P+ doped

region (206 ,470) is electrically coupled to a ground voltage (gnd).

12. A semiconductor device according to any of the preceding claims, wherein the semiconductor
substrate (204, 456) is P doped.

13. An ESD protection circuit (250) for protecting an integrated circuit against ESD events received
by the integrated circuit, the ESD protection circuitry (250) comprising:

- afirst terminal (254 ) for being connected to an electrical connection being subject to ESD events,
- a second terminal (252) for being connected to a ground voltage,

- a bipolar PNP transistor (T1) comprising an emitter (e), a collector (c) and a base (b), the emitter
(e) being coupled to the first terminal (254), the collector (c) being coupled to the second terminal
(252), and

- a resistor (R1) being coupled between the base (b) of the bipolar PNP transistor (T1) and the first
terminal (254).

14. An ESD protection circuit (250) according to claim 13, wherein the first terminal (254) is

electrically coupled to an I/O pad of the integrated circuit.
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15. An ESD protection circuit (250) according to claim 13 or14, wherein the second terminal (252)
is electrically coupled to the ground voltage (gnd) or to a negative voltage being present in the

integrated circuit.

16. Integrated circuit comprising the ESD protection circuit (250) according to claim 13.

17. A method (400) of manufacturing a semiconductor device comprising an ESD protection device
for protecting an integrated circuit on the semiconductor device against ESD event received by the
integrated circuit, the method comprises:

- obtaining (042) a semiconductor substrate (204, 456) comprising an N-well region (224, 454), the
substrate (204, 456) having a surface (455) at the first side and the N-well region (224, 454) being
present at the surface (455),

- forming (410) at least three silicided regions (464) at the surface,

- forming (412) a first P+ doped region (206 ,470) and a second P+ doped region (212 ,472) in the
N-well region (224, 454) at two of the three silicided regions (464), the second P+ doped region
(212 ,472) being separated from the first P+ doped region (206 ,470) by first a portion of the N-well
region (224, 454),

- forming (414) an N+ doped region (220, 478) in the N-well region (224, 454) at one silicided
region, the N+ doped region (220, 478) being formed at a location where it is closer to the second
P+ doped region (212 ,472) than to the first P+ doped region (206 ,470), the one silicided regions is
not used to form the first P+ doped region (206 ,470) and the second P+ doped region (212 ,472),

- manufacturing (416) an electrical connection (216, 480) between the second P+ doped region
(212 ,472) and the N+ doped region (220, 478).

18. A method (400) of manufacturing a semiconductor device according to claim 17, wherein the
stage of obtaining a semiconductor substrate comprising an N-well region comprises:

- obtaining (404) a semiconductor substrate (204, 456) being P doped,

- forming (408) an N-well region (224, 454) in the semiconductor substrate (204, 456).

19. A method (400) of manufacturing a semiconductor device according to claim 18 further
comprising:

- forming (406) an isolated region in the semiconductor substrate by forming a deep trench isolation
(202, 252, 452), wherein the N-well region (224, 454) is being formed within the isolated region.

20. A method (400) of manufacturing a semiconductor device according to any one of the claims
17 to 18, wherein the second P+ doped region (212 ,472) is arranged in between the first P+ doped
region (206 ,470) and the N+ doped region (220, 478).
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