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Description

Field

[0001] The present disclosure relates generally to
electrostatic discharge (ESD) protection, and more spe-
cifically to an electrostatic discharge (ESD) protection
device.

Background

[0002] ESD protection devices are used to protect a
variety of integrated circuits and systems. System level
ESD protection devices are specially designed for pro-
viding protection against ESD pulses without hampering
the normal mode of operation (i.e., operation under non-
ESD conditions and within an operational voltage/current
range). An ESD protection device has a clamping voltage
that generally relates to a threshold voltage drop over
the ESD protection device, at which the device turns on
to pass/shunt current. For example, this threshold volt-
age may occur as a first peak of an ESD pulse at the
onset of an ESD event. In many applications, the maxi-
mum voltage of an ESD event is reached at around 20
to 30 ns.
[0003] United States Patent Application publication
number US2008/0067605 discloses a current dissipation
circuit that dissipates excess current to or from a circuit
node when that monitored circuit node experiences ab-
normal voltage conditions, rather than having that excess
current being dissipated through other protected circuity.
[0004] The present invention is exemplified in a
number of implementations and applications, some of
which are summarized below.

Summary

[0005] In accordance with various example embodi-
ments, an ESD protection device provides protection
against ESD pulses for a system. The ESD device in-
cludes a plurality of contiguous semiconductor regions
of alternating conductivity type including first and second
regions that form a first P-N junction therebetween, a
third region that forms a P-N junction with the second
region, a fourth region that forms a P-N junction with the
third region and a fifth region that forms a P-N junction
with the fourth region. A first contact is connected to the
first region, and a second contact is connected to the fifth
region. A resistor is connected between the third region
and the fifth region. The resistor and the first, second,
third and fifth regions form a first current path configured
to flow current between the first and second contacts via
the first and fifth regions in response to a voltage exceed-
ing a breakdown threshold of a first transistor formed by
the first, second and third regions. The first, second, third,
fourth and fifth regions form a second current path con-
figured to flow current between the first and second con-
tacts via the first and fifth regions, in response to the

current across the resistor exceeding a threshold at
which the voltage across a second transistor formed by
the third, fourth and fifth regions reaches a breakdown
voltage of the second transistor.
[0006] Another example embodiment is directed to an
ESD device including a bipolar transistor and thyristor
configured to discharge current in response to an ESD
event. The bipolar transistor includes an emitter, a col-
lector and a base, and the emitter is connected to a first
external contact. The thyristor includes four regions of
alternating P-type and N-type semiconductor material,
including a first end region connected to the base of the
bipolar transistor, with the first end region and the base
of the bipolar transistor being made of the same type of
semiconductor material. A first intermediate region of the
thyristor forms a P-N junction with the first end region,
and is connected to the collector of the bipolar resistor.
The second region and the collector of the bipolar tran-
sistor are made of the same type of semiconductor ma-
terial. A second intermediate thyristor region forms a P-
N junction with the first intermediate region, and is made
of the same type of semiconductor material as the first
end region. A second thyristor end region forms a P-N
junction with the second intermediate region and is con-
nected to a second external contact. The second end
region is made of the same type of material as the first
intermediate region. A resistor is connected to the col-
lector of the bipolar transistor, the first intermediate re-
gion of the thyristor and the second end region of the
thyristor.
[0007] Various embodiments of the present disclosure
are directed to a method for shunting current between
first and second contacts. The method is for use with an
electrostatic discharge (ESD) circuit having a plurality of
contiguous semiconductor regions of alternating conduc-
tivity type. The regions include first and second regions
that form a first P-N junction therebetween, a third region
that forms a P-N junction with the second region, a fourth
region that forms a P-N junction with the third region and
a fifth region that forms a P-N junction with the fourth
region. A resistor is connected between the third region
and the fifth region. The first region is connected to the
first contact susceptible to an ESD pulse and the fifth
region is connected to the second contact. The method
is as follows. In response to a voltage at the first contact
that causes a voltage drop across a first transistor formed
by the first, second and third regions to exceed a thresh-
old voltage of the first transistor, current is passed
through a first current path between the first and second
contacts. The first current path includes the first transis-
tor, the resistor and the fifth region. In response to the
current flowing through the resistor in the first current
path exceeding a threshold at which the voltage across
the resistor and correspondingly across a second tran-
sistor formed by the third, fourth and fifth regions reaches
a breakdown voltage of the second transistor, current is
passed through a second current path between the first
and second contacts. The second current path includes
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the first, second, third, fourth and fifth regions.
[0008] In various embodiments, an ESD protection de-
vice is configured with two breakdown voltages. At a first
breakdown voltage, current flows from an emitter to a
collector of the ESD protection device through a first cur-
rent path that includes a transistor in series with a resistor.
As the voltage drop over the resistor increases to a sec-
ond breakdown voltage with increasing current flow, a
second portion of the device with a second breakdown
voltage opens a second current path.
[0009] The present disclosure extends to a device
comprising: a bipolar transistor having an emitter, a col-
lector and a base, the emitter connected to a first external
contact; a thyristor having four regions of alternating P-
type and N-type semiconductor material, including a first
end region connected to the base of the bipolar transistor,
the first end region and the base of the bipolar transistor
being made of the same type of semiconductor material,
a first intermediate region forming a P-N junction with the
first end region and connected to the collector of the bi-
polar resistor, the second region and the collector of the
bipolar transistor being made of the same type of semi-
conductor material, a second intermediate region form-
ing a P-N junction with the first intermediate region, the
second intermediate region being made of the same type
of semiconductor material as the first end region, and a
second end region forming a P-N junction with the second
intermediate region and connected to a second external
contact, the second end region being made of the same
type of material as the first intermediate region; and a
resistor connected to the collector of the bipolar transis-
tor, the first intermediate region of the thyristor and the
second end region of the thyristor.
[0010] The emitter of the bipolar transistor may be cou-
pled to an external circuit susceptible to an ESD event,
the thyristor being configured and arranged to turn on in
response to a current greater than an operating current
of the external circuit.
[0011] The resistance value of the resistor may set a
threshold current at which the thyristor turns on.
[0012] The first external contact may be an upper sur-
face of a semiconductor substrate in which the device is
formed, the second external contact being coupled to a
collector at a lower surface of the semiconductor sub-
strate.
[0013] The first and second external contacts may be
on the same surface of a semiconductor substrate in
which the device is formed and configured to laterally
pass current.
[0014] The device may further include a P-type region
connected to a third external contact, the third external
contact being connected to the first external contact.
[0015] In response to an ESD pulse, the bipolar tran-
sistor may reach breakdown voltage and conduct current
before the thyristor reaches breakdown voltage and con-
ducts current.
[0016] The base of the bipolar transistor may be not
connected to an external contact.

[0017] The emitter and base may be connected by an-
other resistor.
[0018] The bipolar transistor may have a breakdown
voltage at which the bipolar transistor turns on to flow
current between the first external contact and the resistr,
the thyristor having a trigger voltage at which the thyristor
turns on to flow current between the first and second end
regions.
[0019] The bipolar transistor may have a breakdown
voltage at which the bipolar transistor turns on to flow
current between the first external contact and the resistor,
the thyristor having a trigger voltage at which the thyristor
turns on to flow current between the first and second end
regions, and in response to the onset of an ESD event
in which the voltage at the first external contact exceeds
the breakdown voltage, the bipolar transistor turns on
and flows current from the first contact to the resistor,
and through the resistor to the second contact, and in
response to the voltage drop across the resistor exceed-
ing the trigger threshold via the current passing through
the resistor, the thyristor turns on and passes current
from the bipolar transistor to the second contact, via the
thyristor.
[0020] The above discussion is not intended to de-
scribe each embodiment or every implementation of the
present disclosure. The figures and detailed description
that follow more particularly exemplify various embodi-
ments.

Brief Description of the Drawings

[0021] The invention may be more completely under-
stood in consideration of the following detailed descrip-
tion of various embodiments of the invention in connec-
tion with the accompanying drawings, in which:

FIG. 1 shows a schematic representation of an ESD
protection device, consistent with an embodiment of
the present disclosure;
FIG. 2 shows a vertical implementation of an ESD
protection device, consistent with an embodiment of
the present disclosure;
FIG. 3 shows another vertical implementation of an
ESD protection device, consistent with an embodi-
ment of the present disclosure;
FIG. 4 shows a lateral implementation of an ESD
protection device, consistent with an embodiment of
the present disclosure;
FIG. 5 shows another vertical implementation of an
ESD protection device, consistent with an embodi-
ment of the present disclosure;
FIG. 6 shows another vertical implementation of an
ESD protection device, consistent with an embodi-
ment of the present disclosure;
FIG. 7 shows a vertical implementation of an ESD
protection device with trenches for vertical isolation,
consistent with an embodiment of the present dis-
closure;
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FIG. 8 shows another vertical implementation of an
ESD protection device with trenches for vertical iso-
lation, consistent with an embodiment of the present
disclosure;
FIG. 9 shows a lateral implementation of an ESD
protection device, not falling within the scope of the
present invention;
FIG. 10 shows another lateral implementation of an
ESD protection device, not falling within the scope
of the present invention; and
FIG. 11 shows another lateral implementation of an
ESD protection device, consistent with an embodi-
ment of the present disclosure.

Detailed Description

[0022] While the disclosure is amenable to various
modifications and alternative forms, specifics thereof
have been shown by way of example in the drawings and
will be described in detail. It should be understood, how-
ever, that the intention is not to limit the invention to the
particular embodiments described.
[0023] An embodiment of the present disclosure is di-
rected to an ESD protection device having five regions
of alternating conductivity types (e.g., P-type and N-type
material). The first, third, and fifth regions include a sem-
iconductor material of a first conductivity type, and the
second and fourth regions include a semiconductor ma-
terial of a second conductivity type. For instance, the first,
third and fifth regions may be N-type, and the second
and fourth regions may be P-type). Each of the regions
form P-N junctions with one or more adjacent regions,
including junctions between the first and second regions,
between the second and third regions, between the third
and fourth regions, and between the fourth and fifth re-
gions. A resistor connects the third and fifth regions, with
the voltage drop across the resistor being applied across
the third, fourth and fifth regions (e.g., with the third, fourth
and fifth regions forming a bipolar transistor). The first
region is connected to a contact or circuit node at which
an ESD pulse is presented, and passes current from such
pulses to the fifth region which is also connected to a
contact (e.g., ground or a collector).
[0024] In a more specific embodiment, the ESD pro-
tection device as discussed above is configured to oper-
ate as follows. At the onset of an ESD event, a voltage
across the first, second and third regions increases to a
breakdown voltage level of a first transistor formed by
these regions. At this breakdown level, the transistor
turns on and conducts current to the second contact, via
the resistor. As the current through the resistor increases,
the voltage drop across a second transistor formed by
the third, fourth and fifth regions increases to a break-
down voltage level of the second transistor. When this
voltage drop reaches the breakdown voltage level, the
second transistor switches on and passes current from
the first transistor to the contact connected to the fifth
region, with the flow through the second transistor effect-

ing a low-resistance path, relative to current flow through
the resistor. In its on state, the second transistor effects
the activation of a thyristor including the second, third,
fourth and fifth regions, and which passes current from
the first region to the fifth region contact at a low clamping
voltage (and a corresponding trigger voltage of the thy-
ristor).
[0025] In certain more specific embodiments, an ESD
device as discussed above is formed in a semiconductor
substrate. The first region is a highly doped region that
has been diffused into a lightly-doped epitaxial layer of
the substrate, which can be formed in a well region of an
opposite conductivity type (e.g., with the well region dif-
fused, buried or doped accordingly). The third region is
a highly doped buried region, with the first, second and
third regions operating in accordance with bipolar tran-
sistor characteristics. The third region is on the fourth
region. In some implementations, the fourth region is sep-
arated into two regions that are connected by an internal
resistor that connects the third region to the fifth region
as discussed above. In this context, the third and fifth
regions are connected to one another via the resistor and
further by the fourth region (with which the third and fifth
regions form P-N junctions and an effective bipolar tran-
sistor).
[0026] In various embodiments an ESD protection de-
vice includes a bipolar transistor, a thyristor, and a resis-
tor, with an emitter of the bipolar transistor connected to
an input circuit node susceptible to ESD pulses, and both
the resistor and a cathode end of the thyristor connected
to an output circuit node (e.g., collector or ground). The
bipolar transistor has three regions, acting as an emitter,
collector and base. The thyristor has four regions of al-
ternating P-type and N-type material, with first and sec-
ond ones of the four regions at an anode end of the thy-
ristor connected to or shared with the base and collector
of the bipolar transistor. The resistor is connected be-
tween the cathode end of the thyristor and the base re-
gion of the anode end and the collector of the bipolar
transistor (e.g., with the base and collector being con-
nected to one another, or a shared region).
[0027] The ESD protection device has two current
paths, one regulated by a breakdown voltage of the bi-
polar transistor and the other further regulated by a trigger
voltage of the thyristor. When the voltage across the bi-
polar transistor exceeds the transistor’s breakdown volt-
age, current flows in a first current path from the input
circuit node, through the bipolar transistor and the resis-
tor to the collector/ground circuit node. When the voltage
drop across the resistor is at a trigger voltage of the thy-
ristor, current flows through all the regions of the thyristor
in a second current path. As otherwise considered, as
the voltage drop across the resistor reaches a breakdown
voltage of a bipolar transistor formed by the two (middle)
base regions and the anode of the thyristor, the bipolar
transistor flows current, also turning on the thyristor which
settles to its trigger voltage in shunting current to the out-
put node. This arrangement facilitates the reaction of the
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ESD protection device to the onset of an ESD pulse in
stages.
[0028] Accordingly, the ESD protection device "turns
on" and conducts current through the first current path
when the voltage or current of a circuit or device con-
nected to the input circuit node exceeds a predetermined
threshold. For example, when the current applied to the
emitter of the bipolar transistor increases due to an ESD
event, the voltage drop over the resistor increases. When
the voltage drop over the resistor reaches a threshold at
which the thyristor (and related internal bipolar transistor)
switches on, the second current path beings to conduct
current.
[0029] In various embodiments consistent with the
present disclosure, the thresholds or breakdowns for
conductance can be described in terms of a breakdown
voltage, a trigger voltage, or a current level. The voltage
and/or current level needed to turn on various portions
of a device are related to the resistance of the device.
For example, a voltage drop over a resistor also indicates
that a particular current level has been reached. Although
many embodiments are discussed with respect to the
breakdown voltage or trigger voltage, one of skill in the
art would understand that current conductance may be
initiated based on the level of current at an emitter reach-
ing a threshold current level that effects the turn-on and
related operation of the various regions of opposite po-
larity.
[0030] In certain more specific embodiments, the re-
sistor is an internal resistor. The internal resistance arises
from a discontinuity (e.g., a holes or gap) in a doped
substrate forming the third region of the thryistor, with
the resistance being of a polarity that is common to the
polarity of thyristor regions (e.g., third and fifth regions
as discussed above), with an alternate doping concen-
tration. This allows current to flow from a cathode-side
base (middle) region to an anode end region the thyristor
while bypassing the anode-side base (middle) region.
[0031] Certain embodiments of the present disclosure
are directed to an ESD protection device that provides
protection from system level ESD pulses. In certain more
specific embodiments, the ESD protection device com-
plies with IEC 6100-4-2. The ESD protection device com-
bines a low capacitance with a low clamping voltage dur-
ing an ESD event.
[0032] ESD protection devices consistent with the
present disclosure may be particularly useful for applica-
tion with high data transfer rates such as USB3.0 and
HDMI, where a system level ESD protection device is
required to protect sensitive integrated circuits from
harmful ESD stress. Both USB3.0 and HDMI have data
transfer standards that require very low maximum capac-
itances in the data lines. Thus, an effective ESD protec-
tion device includes a very low maximum capacitance in
addition to a low clamping voltage.
[0033] In various embodiments as discussed herein,
the term thyristor is used to refer to a semiconductor de-
vice having four alternating regions of opposite polarity

in a series-type arrangement, with p-n junctions between
each of the regions. For instance, a p-n-p-n type arrange-
ment of semiconductor regions is characterized in the
following drawings, which various embodiments are also
applicable to an n-p-n-p type arrangement, with a corre-
sponding n-p-n type of bipolar transistor connected to
the thyristor. An alternate consideration of such a struc-
ture is of two bipolar transistors, with the collector of one
of the transistors being commensurate with the emitter
of the other one of the transistors (e.g., with respective
breakdown voltages as discussed above). In many ap-
plications, such a thyristor-type of device is referred to
as a Shockley diode, which is effectively a thyristor with
one of its interior n-p regions (the second or third region
of four p-n-p-n regions) left floating (e.g., not connected
to an external contact).
[0034] In various embodiments of the present disclo-
sure, a thyristor is turned on in a controlled way using
current passing through an ESD protection device as a
controlling parameter. The thyristor turns on in response
to a current magnitude that is outside the operating range
of an application (e.g., a circuit or device) being protected.
The control parameter is based on current, allowing for
a device with a very low clamping voltage while avoiding
accidental turn on of the thyristor. In addition, due to the
relatively high turn-on current of the thyristor, the thyristor
and the ESD protection device operate to turn off after
the ESD event ends.
[0035] Various embodiments are directed to an ESD
protection device having two open-base bipolar transis-
tors of the same polarity, as may be implemented con-
sistently with the above discussion. The emitter of the
first bipolar transistor is connected directly to an input
contact susceptible to ESD pulses. In certain embodi-
ments, the base of the first bipolar transistor is also con-
nected to this contact. The emitter of the second bipolar
transistor is connected to or part of the same region as
the collector of the first bipolar transistor. The base of the
second bipolar transistor is floating, and the collector of
the second bipolar transistor is connected to an output
contact to which current from the input contact is shunted.
The emitter and collector of the second bipolar transistor
are connected by a resistor, such that the base of the
second transistor does not completely isolate the tran-
sistor’s emitter and collector.
[0036] During normal operation, the collector of the
second bipolar transistor is connected to ground, and a
negative bias is applied to the emitter of the first bipolar
transistor. The emitter-base junction of the first transistor
is forward biased and the base-collector junction is re-
verse biased. When the voltage at the emitter reaches
the breakdown voltage of the first transistor, the transistor
opens and current flows through the first transistor as
well as the resistor. Once the voltage drop over the re-
sistor reaches the breakdown voltage of the second bi-
polar transistor, current flows through the second bipolar
transistor as well as the resistor. The combination of the
first and second transistor can be viewed as a thyristor
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and a diode in this state. The total voltage drop is the
holding voltage of the thyristor (including of the first bi-
polar transistor and the base of the second bipolar tran-
sistor) and the breakdown (trigger) voltage of a diode
(including of the base and collector of the second bipolar
transistor).
[0037] In various embodiments an ESD protection de-
vice as discussed herein exhibits a voltage drop across
input and output nodes that is less than a maximum op-
erating voltage for a particular application in which the
ESD protection device is used, with the application in-
volving a circuit that operates within a predefined current
range. If the current level at which the ESD protection
device goes into thyristor mode is outside of the applica-
tion’s operating current range, the device will safely turn
off after an ESD event because the current during normal
operation is not enough to provide the voltage drop over
the resistor needed to maintain the thyristor in an on (con-
ducting) state (e.g., or turn on the second bipolar tran-
sistor). The value of the resistor sets the point at which
the second bipolar transistor turns on and off, and there-
fore controls the operation of the ESD protection device
in thyristor mode.
[0038] In the figures to follow, the use of plus and minus
signs in connection with N or P does not indicate the
polarity of the region. Instead, an N indicates a negative
N-type semiconductor material and a P indicates a pos-
itive P-type semiconductor material. The plus and minus
signs indicated the level of doping of the regions. A plus
sign indicates a highly doped region, while a minus sign
indicates a lightly doped region. In the embodiments to
follow the plus and minus signs are used for both N-type
and P-type material. Moreover, various regions as de-
scribed and shown may be implemented with other po-
larities or doping, to achieve similar functionality, such
as by using N-type material where the P-type material is
shown and also using P-type material where the N-type
material is shown.
[0039] FIG. 1 shows a schematic representation of an
ESD protection device 100, consistent with an embodi-
ment of the present disclosure. The ESD protection de-
vice includes a transistor 110, a thyristor 120 and a re-
sistor 108. The transistor 110 has an emitter 112, an open
base 114 and a collector 116, exemplified as respectively
N-type, P-type and N-type materials. The thyristor 120
has an anode 122, base (middle) regions 124 and 126,
and a cathode 128, respectively exemplified as P-type,
N-type, P-type and N-type regions. The base 114 of the
transistor 110 is connected the anode 122 of the thyristor
120, and the collector 116 of the transistor is connected
to the base region 124 of the thyristor. The resistor 108
is connected to the collector 116 of the transistor 110,
and to the base region 124 and the cathode 128 of the
thyristor 120.
[0040] The ESD protection device 100 is connected to
a circuit at an input emitter node 102, for which ESD
current is shunted to an output collector node 104. More
specifically, the transistor emitter 112 is connected to the

emitter node 102, and the thyristor cathode 128 is con-
nected to the collector node 104. The emitter node 102
may, for example, be made of the same type of semicon-
ductor material that the emitter 112 is made of (N-type
as shown), or may be one and the same as the emitter
112. Similarly, the collector node 104 may be made of
the same type of semiconductor material that the cathode
128 is made of (N-type as shown), or be one and the
same as the cathode 128. While shown as connected
regions, in certain embodiments the anode 122 and the
base 114 are a common region, and/or the collector 116
and the base 124 are also a common region.
[0041] When an ESD event occurs, the ESD protection
device of FIG. 1 is turned on as the voltage at the emitter
node 102 effects a voltage drop across the transistor 110
that reaches the transistor’s breakdown voltage, at which
the transistor 110 flows current to the collector node 104
via the resistor 108. As the current increases at the emit-
ter 102, the trigger voltage of the transistor 110 is reached
and current begins flowing through transistor 110 and
across resistor 108.
[0042] As the voltage drop across resistor 108 increas-
es with increasing current flow, a breakdown voltage cor-
responding to thyristor regions 124, 126 and 128 is
reached, as also corresponding to a trigger voltage of
the thyristor 120. The thyristor turns on in response to
reaching the trigger voltage, and current begins to flow
through the thyristor as well as the resistor 108. The thy-
ristor provides a low-resistance path at which the device
100 shunts current from the emitter node 102 to the col-
lector node 104.
[0043] FIG. 2 shows a vertical implementation of an
ESD protection device 200, consistent with another em-
bodiment of the present disclosure. The ESD protection
device 200 has a collector 204 connected to a heavily-
doped N-type semiconductor substrate 220, and an emit-
ter 202 connected to region 206 for conducting current
between the emitter and collector as discussed further
below. A buried layer of highly doped P-type semicon-
ductor material 212 is connected between the n-type sub-
strate 220 and an n-type doped layer 210. The p-type
region 212 may, for example, be diffused in the N-type
substrate 220 using a dopant such as boron, and the n-
type layer 210 may be subsequently diffused over the P-
type material 212. An internal resistor 214 (e.g., a dis-
continuity) is located between portions of the P-type sem-
iconductor material 212. An N-type epitaxial layer 218
with very low doping concentration is on top of (e.g.,
grown on) the N-type doped layer 210, and a P-type base
208 and an N-type emitter 206 are located in (e.g., dif-
fused in) the N-type epitaxial layer 218.
[0044] The N-type emitter 206, the P-type base 208
and the buried N-type layer 210 form a transistor. The
N-type layer 210, P-type layer 212 and the N-type sub-
strate 220 form a second transistor. The P-type (base)
regions 208 and 212 of each of these transistors are float-
ing. As shown, resistor 214 provides a current path be-
tween N-type region 210 and N-type substrate 220, mit-
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igating isolation of these N-type regions by the interven-
ing P-type region 212 (e.g., when the n-p-n regions 210,
212 and 220 are not in a conducting state). The doping
concentrations of the layers and geometrical dimensions
of layer 212 can be set to determine the resistance of the
internal resistor 214. The voltage can be designed to be
less than the voltage of the application to which the ESD
device 200 is attached, and thus tuned (during manufac-
ture) to a specific application.
[0045] In some embodiments, the device 200 includes
a diode in parallel with the first transistor as discussed
above. Specifically, a P-type region at 216 diffused in the
N-type layer 218 forms a diode as shown. The P-type
region 216 is connected to the emitter 202, which is con-
nected to N-type region 210.
[0046] Exemplary operation of the device 200 is as fol-
lows. The substrate 220 is connected to ground and a
negative bias is applied to emitter 202. The emitter-base
junction between regions 206 and 208 is forward biased
and a base-collector junction between regions 208 and
buried layer 210 (and portion of 218 therebetween) is
reverse biased. When the voltage at emitter 202 reaches
the trigger voltage of the open base transistor including
regions 206, 208 and 210, the transistor opens and cur-
rent flows through the transistor and the internal resistor
214 to the collector 204. Once the voltage drop over the
resistor 214 becomes equal to the breakdown voltage of
the buried open transistor including regions 210, 212 and
substrate 220, the buried transistor opens and injects
holes into the epitaxial layer. The device can be regarded
as a thyristor made of regions 206, 208, 210 and buried
layer 212, which is in its on state, as well as a diode made
of the N-type substrate 220 and the P-type buried layer
212. The total voltage drop is the holding voltage of the
thyristor, the breakdown voltage of the diode (if used)
and any voltage drop over the substrate.
[0047] FIG. 3 shows another vertical implementation
of an ESD protection device 300, consistent with another
embodiment of the present disclosure. The ESD protec-
tion device 300 has an N-type substrate 320 that is con-
nected to an external contact at collector 304 and two
other external contacts at emitter 302. The emitter 302
is connected to N-type region 306, which acts as an emit-
ter region. N-type region 306 is highly doped, and is dif-
fused in a lightly doped P-type epitaxial layer 318. N-type
diffusion regions 322 are placed around P-type region
316. P-type region 316 acts as a parallel diode in con-
nection with N-type region 310. A P-type buried layer 308
acts as an open base. Along with N-type region 306 and
N-type buried layer 310, P-type buried layer 308 forms
a transistor. P-type buried layer 312 includes holes
and/or gaps at which an internal resistor 314 is located,
and which prevents N-type layer 310 from being isolated
from the N-type substrate 320. Accordingly, a second
transistor including N-type layer 310, P-type layer 312
and N-type substrate 320 does not have isolation be-
tween the emitter and collector. The P-type regions 308
and 312 are floating.

[0048] If sufficiently high negative bias (larger than the
breakdown voltage of the transistor including regions
306, 308 and 310) is applied to the emitter 302, the tran-
sistor opens and current flows through the resistor 314
to ground. The doping concentrations of the layers and
geometrical dimensions of layer 312 determine the re-
sistance of the internal resistor 314. The transistor made
of regions 310, 312 and substrate 320 does not open
when the transistor including regions 310, 312 and sub-
strate 320 has not reached its breakdown voltage (at
which the open-base transistor passes current). Accord-
ingly, the effective feedback loop provided by circuit de-
vice 300 used to protect against ESD is not turned on
and no thyristor action occurs prior to the transistor reach-
ing the breakdown voltage. Once the transistor breaks
down and allows current to flow, the feedback loop is
initiated and the thyristor including regions 306, 308, 310
and 312 switches to an on-state. As current decreases
at the end of the pulse the resistor 314 pulls the voltage
drop across the transistor below the transistor’s break-
down voltage and current conducted by the transistor
including regions 310, 312 and substrate 320 stops.
[0049] FIG. 4 shows a lateral implementation of an
ESD protection device 400, consistent with another em-
bodiment of the present disclosure. An emitter 402 and
a collector 404 for the ESD protection device 400 are
both located on the upper surface of a semiconductor
body and current flows laterally through the device. An
N-type diffused region 406 is connected to an external
contact and emitter 402. A P-type diffusion region 408
acts as an open base. The ESD protection device also
includes a buried N-type layer 410 on top of N-type sub-
strate 420. The N-type region 406 and P-type region 408,
along with the portion of the lightly doped N-type epitaxial
layer 418 surrounding the P-type region, function as an
npn transistor. In some implementations, a region 424 of
the epitaxial layer 418 is diffused with additional n-type
material. Epitaxial layer 418, P-type base region 412 and
N-type collector region 414 function as a second npn
transistor. During manufacture, the dimensions of open-
ing 422 below regions 412 and 414 are used to set the
current when the lateral transistor, including epitaxial lay-
er 418, base 412 and collector 414, is turned on. An N-
type diffusion region 426 connects the collector 404 to
the N-type buried layer 410 and N-type substrate 420.
This allows for current to flow in the lateral direction. The
device 400 may also include an optional P-type region
416 that forms a diode with layer 418.
[0050] FIG. 5 shows another vertical implementation
of an ESD protection device 500, consistent with another
embodiment of the present disclosure. Emitter 502 is
connected to the upper surface of a semiconductor body
and collector 504 is connected to the semiconductor body
on the oppose side of N-type substrate 520. A first tran-
sistor including an N-type emitter region 506 and an open
base P-type region 508 is isolated from the lightly doped
N-type epitaxial layer 518 by trenches 522. Buried N-type
layer 510 acts as a collector for the first transistor. A sec-
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ond transistor consists of buried N-type layer 510, buried
P-type layer 512, and N-type substrate 520. The P-type
layer 512 is discontinuous, with region 514 acting as an
internal resistor. In some implementations, the device
500 also includes a P-type diffusion region 516 that forms
a diode in parallel with the transistors making up the ESD
protection device.
[0051] If sufficiently high negative bias, larger than the
breakdown voltage of the transistor including of regions
506, 508 and 510 is applied to the emitter, the transistor
opens and current flows through the resistor 514 to
ground. The doping concentrations of the layers and ge-
ometrical dimensions of layer 512 determine the resist-
ance of the internal resistor 514. The transistor made of
regions 510, 512 and substrate 520 does not open when
the transistor including regions 512 and substrate 520
has not reached its breakdown voltage. Accordingly, the
feedback loop used to protect against ESD as provided
by device 500 is not turned on and no thyristor action
occurs prior to the transistor reaching its breakdown volt-
age. Once the transistor breaks down and allows current
to flow, the feedback loop is initiated and the thyristor
including regions 506, 508, 510 and 512 switches to an
on-state. As current decreases at the end of the pulse,
the resistor 514 pulls the voltage drop across the tran-
sistor below the breakdown voltage and current conduct-
ed by the transistor including regions 510, 512 and sub-
strate 520 stops.
[0052] FIG. 6 shows another vertical implementation
of an ESD protection device 600, consistent with another
embodiment of the present disclosure. The device 600
is similar to the device 200 shown in FIG. 2, with a buried
layer 608 that is a P-type base region. P-type diffusion
regions 622 create an N-type island in epitaxial layer 618
connected to P-type layer 608. A buried N-type layer 610
completes a first transistor along with N-type region 606
and buried P-type layer 608. A second P-type buried layer
612 has at least one internal resistor (e.g., hole-type)
region 614. A second transistor consists of N-type layer
610, P-type layer 612 and N-type substrate 620. An op-
tional diode includes P-type diffused region 616, and is
arranged in parallel with at least the first transistor.
[0053] FIG. 7 shows another vertical implementation
of an ESD protection device 700. The ESD protection
device 700 includes an emitter 702 connected to the up-
per surface of a semiconductor body and a collector 704
connected to the bottom surface of the semiconductor
body. The semiconductor body includes an N-type sub-
strate 720. A buried P-type layer 712 is diffused on top
of the N-type substrate 720. The buried P-type layer 712
is not continuous. There is at least one resistor 714 at a
gap in the P-type layer 712. An internal resistor 714 is
formed at a discontinuity or gap in the layer 712. A buried
N-type layer 710 is diffused on top of P-type layer 712.
A second buried P-type layer 708 is diffused on top of N-
type layer 710. A lightly doped N-type layer 718 is grown
on top of P-type layer 708. N-type region 706 is diffused
in the epitaxial layer. Trenches 722 are used to create

an N-type island that connects the N-type region 706 to
P-type buried layer 708. Region 706, layer 708 and layer
710 act as a first transistor. Layer 710, layer 712 and
substrate 720 act as a second transistor. Resistor 714
connects layer 710 and substrate 720, with current flow-
ing through the resistor until the breakdown voltage of
the transistor including layer 710, layer 712 and substrate
720 is reached. At that time, current also flows through
buried layer 712. An optional diode is implemented in
parallel to the transistors with P-type region 716.
[0054] FIG. 8 shows another vertical implementation
of an ESD protection device 800, consistent with another
embodiment of the present disclosure. An emitter 802
and a collector 804 are on opposite sides of a semicon-
ductor body. The semiconductor body includes an N-type
substrate 820. A buried P-type layer 812 is diffused on
top of the N-type substrate 820. The buried P-type layer
812 includes at least one gap or discontinuity at resistor
814. On top of buried P-type layer 812 an N-type buried
layer 810 is diffused. The N-type layer 810, buried P-type
layer 812 and N-type substrate 820 act as a transistor.
On top of buried N-type layer 810, a second buried P-
type layer 808 is diffused. A lightly doped P-type epitaxial
layer 818 is grown on top of P-type buried layer 808. An
N-type region 806 is diffused in the epitaxial layer and
connected to emitter 802. An optional diode including P-
type diffusion region 816 is isolated in the epitaxial layer
818 by trenches 822.
[0055] FIG. 9 shows another lateral implementation of
an ESD protection device 900, not falling within the scope
of the scope of the present invention. A collector 904 is
located on the same surface as an emitter 902, and with
an N-type diffusion region 922 connecting the collector
to a buried N-type layer 910. In the embodiment depicted,
a P-type buried layer 912 is diffused on top of N-type
substrate 920. P-type buried layer 912 is not continuous,
with a hole or gap in the layer forming a resistor 914
connecting the N-type substrate 920 to the buried N-type
layer 910. An N-type region 906 is diffused in lightly
doped N-type epitaxial layer 918. A P-type region 908 is
also diffused in the epitaxial layer 918, and acts as an
open base. An optional diode includes P-type region 916.
[0056] FIG. 10 shows another lateral implementation
of an ESD protection device 1000, not falling within the
scope of the scope of the present invention. The ESD
protection device 1000 includes an N-type substrate
1020. A P-type buried layer 1012 is diffused on top of the
N-type substrate 1020. The P-type buried layer is not
continuous, with at least one hole or discontinuity forming
an internal resistor 1014. An N-type buried layer is struc-
tured into two portions, N-type region 1010 and N-type
region 1024. The break between the two regions ensures
that current flows through layer 1012 when the ESD pro-
tection device is on. N-type diffusion region 1022 con-
nects collector 1004 to section 1024. The emitter 1002
is connected to N-type region 1006. P-type region 1008
surrounds region 1006 and acts as an open base. Re-
gions 1006, 1008, 1016 and 1022 are diffused into lightly
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doped N-type epitaxial layer 1018. P-type region 1016 is
part of an optional diode.
[0057] FIG. 11 shows another lateral implementation
of an ESD protection device 1100, consistent with anoth-
er embodiment of the present disclosure. An emitter 1102
and a collector 1104 are connected on the same side of
a semiconductor body. The semiconductor body includes
a P-type substrate 1120 and an N-type buried layer 1110
diffused on top of the P-type substrate. A resistor at a
gap 1122 in layer 1110 is used to set the current threshold
at which the ESD protection device turns on, to shunt
current via N-type buried layer 1110. A lightly doped N-
type epitaxial layer 1118 is grown on top of N-type buried
layer 1110. The emitter 1102 is connected to an N-type
diffused region 1106 that is formed in an open-base P-
type region 1108. In some implementations, a region
1124 of the N-type region 1114 is a highly doped N-type
region. The lightly doped N-type epitaxial region 1118
acts as the collector for a first transistor with regions 1106
and 1108. A second transistor optionally includes region
1124, P-type region 1112, which also acts as an open
base, and N-type region 1114. An optional diode includes
P-type region 1116.
[0058] Based upon the above discussion and illustra-
tions, those skilled in the art will readily recognize that
various modifications and changes may be made to the
present invention without strictly following the exemplary
embodiments and applications illustrated and described
herein. For example, the various vertical implementa-
tions as shown can be implemented in a horizontal ar-
rangement, with emitter and collector of an ESD device
ant an upper surface of a substrate (e.g., as in FIG. 4).
The various horizontal implementations may also be im-
plemented vertically, with the lateral emitter/collector re-
gions arranged in a vertical structure with a buried col-
lector (e.g., as in FIG. 2). In addition, the polarity of var-
ious regions may be altered, to switch P-type regions
with N-type regions. Such modifications do not depart
from the scope of the present invention, as set forth in
the following claims.

Claims

1. An ESD protection device comprising:

a plurality of contiguous semiconductor regions
of alternating conductivity type including first
(112) and second (114, 122) regions that form
a first P-N junction therebetween, a third region
(116, 124) that forms a P-N junction with the
second region, a fourth region (126) that forms
a P-N junction with the third region and a fifth
region (128) that forms a P-N junction with the
fourth region;
a first contact (102) connected to the first region;
a second contact (104) connected to the fifth
region;

a resistor (108) connected between the third re-
gion and the fifth region;
the resistor and the first, second, third and fifth
regions forming a first current path configured
to flow current between the first and second con-
tacts via the first and fifth regions in response to
a voltage exceeding a breakdown threshold of
a first transistor formed by the first, second and
third regions; and
the first, second, third, fourth and fifth regions
forming a second current path configured to flow
current between the first and second contacts
via the first and fifth regions in response to the
current across the resistor exceeding a thresh-
old at which the voltage across a second tran-
sistor formed by the third, fourth and fifth regions
reaches a breakdown voltage of the second
transistor.

2. The device of claim 1, wherein the second and fourth
regions are not connected to an external contact.

3. The device of claim 1 or 2, wherein the first, second
and third regions respectively form an emitter, a
based-and a collector of a transistor and the second,
third, fourth and fifth regions form a thyristor.

4. An ESD protection device as claimed in claim 3,
wherein the emitter of the bipolar transistor is cou-
pled to an external circuit susceptible to an ESD
event, the thyristor being configured and arranged
to turn on in response to a current greater than an
operating current of the external circuit.

5. An ESD protection device as claimed in claim 4,
wherein the resistance value of the resistor sets a
threshold current at which the thyristor turns on.

6. The device of any of claims 3 to 5, wherein the first
external contact is an upper surface of a semicon-
ductor substrate in which the device is formed, the
second external contact being coupled to a collector
at a lower surface of the semiconductor substrate.

7. The device of any of claims 3 to 6, wherein the first
and second external contacts are on the same sur-
face of a semiconductor substrate in which the de-
vice is formed and configured to laterally pass cur-
rent.

8. The device of any of claims 3 to 7, wherein the device
further includes a P-type region connected to a third
external contact, the third external contact being con-
nected to the first external contact.

9. For use with an electrostatic discharge (ESD) circuit
having a plurality of contiguous semiconductor re-
gions of alternating conductivity type including first
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(112) and second (114, 122) regions that form a first
P-N junction therebetween, a third region (116, 124)
that forms a P-N junction with the second region, a
fourth region (126) that forms a P-N junction with the
third region and a fifth region (128) that forms a P-N
junction with the fourth region, and a resistor (108)
being connected between the third region and the
fifth region, the first region being connected to a first
contact susceptible to an ESD pulse, the fifth region
being connected to a second contact, a method for
shunting current between the first and second con-
tacts, the method comprising:

in response to a voltage at the first contact that
causes a voltage drop across a first transistor
formed by the first, second and third regions to
exceed a threshold voltage of the first transistor,
flowing current through a first current path be-
tween the first and second contacts, the first cur-
rent path including the first transistor, the resistor
and the fifth region; and
in response to the current flowing through the
resistor in the first current path exceeding a
threshold at which the voltage across the resis-
tor and correspondingly across a second tran-
sistor formed by the third, fourth and fifth regions
reaches a breakdown voltage of the second
transistor, flowing current through a second cur-
rent path between the first and second contacts,
the second current path including the first, sec-
ond, third, fourth and fifth regions.

10. The method of claim 9, further including, after the
voltage across the second transistor reaches the
breakdown voltage of the second transistor, contin-
uing to flow current via a thyristor formed by the sec-
ond, third, fourth and fifth regions at a voltage level
across the thyristor corresponding to a trigger volt-
age of the thyristor that is reduced, relative to the
breakdown voltage of the first transistor.

Patentansprüche

1. Eine ESD Schutzvorrichtung, aufweisend:

eine Mehrzahl von benachbarten Halbleiterbe-
reichen von alternierenden Leitfähigkeits Typ
enthaltend erste (112) und zweite (114, 122) Be-
reiche, welche dazwischen einen ersten P-N
Übergang formen, einen dritten Bereich (116,
124), welcher einen P-N Übergang mit dem
zweiten Bereich formt, einen vierten Bereich
(126), welcher einen P-N Übergang mit dem drit-
ten Bereich formt und einen fünften Bereich
(128), welcher einen P-N Übergang mit dem
vierten Bereich formt;
einen ersten Kontakt (102), welcher zu dem ers-

ten Bereich verbunden ist;
einen zweiten Kontakt (104), welcher zu dem
fünften Bereich verbunden ist;
einen Widerstand (108), welcher zwischen dem
dritten Bereich und dem fünften Bereich verbun-
den ist;
wobei der Widerstand und die ersten, zweiten,
dritten und fünften Bereiche einen ersten Strom-
pfad formen, welcher konfiguriert ist Strom zwi-
schen dem ersten und dem zweiten Kontakten
fließen zu lassen via dem ersten und dem fünf-
tem Bereich als Antwort auf eine Spannung bei
Übersteigen eines Durchbruch Schwellenwer-
tes von einem ersten Transistor, welcher mittels
der ersten, zweiten und dritten Bereiche geformt
wird; und
wobei die ersten, zweiten, dritten, vierten und
fünften Bereiche einen zweiten Strompfad for-
men, welcher konfiguriert ist Strom zwischen
den ersten und zweiten Kontakten fließen zu las-
sen via den ersten und fünften Bereichen als
Antwort auf den Strom über dem Widerstand,
welcher einem Schwellenwert übersteigt bei
welchem die Spannung über einen zweiten
Transistor, welcher mittels den dritten, vierten
und fünften Bereichen geformt wird, eine Durch-
schlagspannung des zweiten Transistors er-
reicht.

2. Die Vorrichtung gemäß Anspruch 1, wobei die zwei-
ten und vierten Bereiche nicht zu einem externen
Kontakt verbunden sind.

3. Die Vorrichtung gemäß Anspruch 1 oder 2, wobei
die ersten, zweiten und dritten Bereiche entspre-
chend einen Emitter, eine Basis und einen Kollektor
von einem Transistor formen, und die zweiten, drit-
ten, vierten und fünften Bereiche einen Thyristor for-
men.

4. Eine ESD Schutzvorrichtung gemäß Anspruch 3,
wobei der Emitter von dem bipolaren Transistor zu
einem externen Schaltkreis gekoppelt ist, welcher
empfänglich für ein ESD Ereignis ist, wobei der Thy-
ristor konfiguriert ist und angeordnet ist, um als Ant-
wort auf einen Strom größer als ein Betriebsstrom
des externen Schaltkreises einzuschalten.

5. Eine ESD Schutzvorrichtung gemäß Anspruch 4,
wobei der Widerstandswert von dem Widerstand ei-
nen Schwellenwert Strom einstellt, bei welchem der
Thyristor einschaltet.

6. Die Vorrichtung gemäß einem der Ansprüche 3 bis
5, wobei der erste externe Kontakt eine obere Ober-
fläche von einem Halbleitersubstrat ist, in welchem
die Vorrichtung geformt ist, wobei der zweite externe
Kontakt zu einem Kollektor an einer unteren Ober-
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fläche des Halbleitersubstrates gekoppelt ist.

7. Die Vorrichtung gemäß einem der Ansprüche 3 bis
6, wobei der erste und zweite externe Kontakt auf
derselben Oberfläche von einem Halbleitersubstrat
sind, in welchem die Vorrichtung geformt ist und zum
teilweisen Durchlassen von Strom konfiguriert ist.

8. Die Vorrichtung gemäß einem der Ansprüche 3 bis
7, wobei die Vorrichtung ferner einen P-Typ Bereich
enthält, welcher zu einem dritten externen Kontakt
verbunden ist, wobei der dritte externe Kontakt zu
dem ersten externen Kontakt verbunden ist.

9. Zur Verwendung mit einem elektrostatischen Entla-
dung (ESD) Schaltkreis aufweisend eine Mehrzahl
von benachbarten Halbleiterbereichen von alternie-
renden Leitfähigkeits Typ enthaltend einen ersten
(112) und einen zweiten (114, 122) Bereich, welche
dazwischen einen ersten P-N Übergang formen, ei-
nen dritten Bereich (116, 124), welcher einen P-N
Übergang mit dem zweiten Bereich formt, einen vier-
ten Bereich (126), welcher einen P-N Übergang mit
dem dritten Bereich formt und einen fünften Bereich
(128), welcher einen P-N Übergang mit dem dritten
Bereich formt, und einen Widerstand (108), welcher
zwischen dem ersten Bereich und den fünften Be-
reich verbunden ist, wobei der erste Bereich zu ei-
nem ersten Kontakt verbunden ist, welcher emp-
fänglich für einen ESD Puls ist, wobei der fünfte Be-
reich zu einem zweiten Kontakt verbunden ist, ein
Verfahren zum Überbrücken von Strom zwischen
den ersten und dem zweiten Kontakt, das Verfahren
aufweisend:

als Antwort auf eine ersten Spannung an dem
ersten Kontakt, welche einen Spannungsabfall
über einen ersten Transistor verursacht, wel-
cher mittels den ersten, zweiten und dritten Be-
reichen geformt ist, um eine Schwellwertspan-
nung von dem ersten Transistor zu übersteigen,
Fließen von Strom durch einen ersten Strom-
pfad zwischen den ersten und zweiten Kontak-
ten, wobei der erste Strompfad den ersten Tran-
sistor, den Widerstand und den fünften Bereich
enthält, und
als Antwort auf den Stromfluss durch den Wi-
derstand in dem ersten Strompfad , welcher ei-
nen Schwellenwert übersteigt, bei welchen die
Spannung über dem Widerstand und entspre-
chend über einen zweiten Transistor, welcher
mittels den dritten, vierten und fünften Berei-
chen geformt wird, eine Durchschlagspannung
von dem zweiten Transistor erreicht, Fließen
von Strom durch einen zweiten Strompfad zwi-
schen den ersten und zweiten Kontakten, wobei
der zweite Strompfad die ersten, zweiten, drit-
ten, vierten und fünften Bereiche umfasst.

10. Das Verfahren gemäß Anspruch 9, ferner enthal-
tend, nachdem die Spannung über dem zweiten
Transistor die Durchschlagspannung von dem zwei-
ten Transistor erreicht, Fortsetzen zum Fließen von
Strom via eines Thyristors, welcher mittels den zwei-
ten, dritten, vierten und fünften Bereichen geformt
wird, bei einem Spannungslevel über dem Thyristor,
welcher einer Triggerspannung des Thyristors ent-
spricht, welche relativ zu der Durchbruchsspannung
des ersten Transistors reduziert ist.

Revendications

1. Dispositif de protection contre les ESD,
comprenant :

une pluralité de régions semi-conductrices con-
tiguës d’un type de conductivité alterné, com-
portant des première (112) et deuxième (114,
122) régions qui forment entre elles une premiè-
re jonction P-N, une troisième région (116, 124)
qui forme une jonction P-N avec la deuxième
région, une quatrième région (126) qui forme
une jonction P-N avec la troisième région et une
cinquième région (128) qui forme une jonction
P-N avec la quatrième région ;
un premier contact (102) connecté à la première
région ;
un deuxième contact (104) connecté à la cin-
quième région ;
une résistance (108) connectée entre la troisiè-
me région et la cinquième région ;
la résistance et les première, deuxième, troisiè-
me et cinquième régions formant un premier
chemin de courant configuré pour faire circuler
un courant entre les premier et deuxième con-
tacts par le biais des première et cinquième ré-
gions dès lors qu’une tension dépasse un seuil
de claquage d’un premier transistor formé des
première, deuxième et troisième régions ; et
les première, deuxième, troisième, quatrième,
cinquième régions formant un deuxième chemin
de courant configuré pour faire circuler un cou-
rant entre les premier et deuxième contacts par
le biais des première et cinquième régions dès
lors que le courant traversant la résistance dé-
passe un seuil auquel la tension aux bornes d’un
deuxième transistor formé des troisième, qua-
trième et cinquième régions atteint une tension
de claquage du deuxième transistor.

2. Dispositif selon la revendication 1, dans lequel les
deuxième et quatrième régions ne sont pas connec-
tées à un contact externe.

3. Dispositif selon la revendication 1 ou 2, dans lequel
les première, deuxième et troisième régions forment
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respectivement un émetteur, une base et un collec-
teur d’un transistor, et les deuxième, troisième, qua-
trième et cinquième régions forment un thyristor.

4. Dispositif de protection contre les ESD selon la re-
vendication 3, dans lequel l’émetteur du transistor
bipolaire est couplé à un circuit externe sensible à
un événement d’ESD, le thyristor étant configuré et
agencé pour devenir passant en réaction à un cou-
rant plus élevé qu’un courant de fonctionnement du
circuit externe.

5. Dispositif de protection contre les ESD selon la re-
vendication 4, dans lequel la valeur ohmique de la
résistance définit un courant de seuil auquel le thy-
ristor devient passant.

6. Dispositif selon l’une quelconque des revendications
3 à 5, dans lequel le premier contact externe est une
surface supérieure d’un substrat semi-conducteur
dans lequel est formé le dispositif, le deuxième con-
tact externe étant couplé à un collecteur au niveau
d’une surface inférieure du substrat semi-conduc-
teur.

7. Dispositif selon l’une quelconque des revendications
3 à 6, dans lequel les premier et deuxième contacts
externes se situent sur la même surface d’un subs-
trat semi-conducteur dans lequel est formé le dispo-
sitif, et sont configurés pour assurer le passage la-
téral d’un courant.

8. Dispositif selon l’une quelconque des revendications
3 à 7, lequel dispositif comporte en outre une région
du type P connectée à un troisième contact externe,
le troisième contact externe étant connecté au pre-
mier contact externe.

9. Pour une utilisation avec un circuit à décharges élec-
trostatiques (ESD) possédant une pluralité de ré-
gions semi-conductrices contiguës d’un type de con-
ductivité alterné, comportant des première (112) et
deuxième (114, 122) régions qui forment entre elles
une première jonction P-N, une troisième région
(116, 124) qui forme une jonction P-N avec la deuxiè-
me région, une quatrième région (126) qui forme une
jonction P-N avec la troisième région et une cinquiè-
me région (128) qui forme une jonction P-N avec la
quatrième région, et une résistance (108) connectée
entre la troisième région et la cinquième région, la
première région étant connectée à un premier con-
tact sensible à une impulsion d’ESD, la cinquième
région étant connectée à un deuxième contact, pro-
cédé pour shunter un courant entre les premier et
deuxième contacts, le procédé comprenant les éta-
pes consistant à :

dès lors qu’une tension au niveau du premier

contact qui provoque une chute de tension aux
bornes d’un premier transistor formé des pre-
mière, deuxième et troisième régions dépasse
une tension de seuil du premier transistor, faire
circuler un courant sur un premier chemin de
courant entre les premier et deuxième contacts,
le premier chemin de courant comportant le pre-
mier transistor, la résistance et la cinquième
région ; et
dès lors que le courant circulant dans la résis-
tance dans le premier chemin de courant dépas-
se un seuil auquel la tension aux bornes de la
résistance et, par voie de conséquence, aux bor-
nes d’un deuxième transistor formé des troisiè-
me, quatrième et cinquième régions atteint une
tension de claquage du deuxième transistor, fai-
re circuler un courant sur un deuxième chemin
de courant entre les premier et deuxième con-
tacts, le deuxième chemin de courant compor-
tant les première, deuxième, troisième, quatriè-
me et cinquième régions.

10. Procédé selon la revendication 9, comportant en
outre, une fois que la tension aux bornes du deuxiè-
me transistor atteint la tension de claquage du
deuxième transistor, l’étape consistant à continuer
de faire circuler un courant par le biais d’un thyristor
formé des deuxième, troisième, quatrième et cin-
quième régions à un niveau de tension aux bornes
du thyristor correspondant à une tension de déclen-
chement du thyristor qui est réduite par rapport à la
tension de claquage du premier transistor.
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