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CIRCUIT WITH HOT-PLUG PROTECTION,
CORRESPONDING ELECTRONIC DEVICE,
VEHICLE AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Italian Application
No. 102018000009947, filed on Oct. 1, 2018, which appli-
cation is hereby incorporated herein by reference.

TECHNICAL FIELD

The description relates to solutions for protecting circuits,
e.g., integrated circuits (ICs), from hot-plug events.

One or more embodiments can be applied to (integrated)
circuits for battery management systems (BMS), for
instance in the automotive field or in the field of energy
storage systems for industrial applications.

BACKGROUND

Generally, the term “hot-plug event” may refer to the
abrupt connection (“plug”) of one or more pins of a circuit
such as an integrated circuit to an electrically charged
(“hot”) terminal or line.

Generally, hot-plug events are often undesired since they
may cause uncontrolled energy transfer from a charged
source to the circuit being plugged-in, possibly resulting in
damages of the circuit components.

Hot-plug issues may be particularly relevant in battery-
supplied electronic systems.

In particular, electric vehicles (EVs) and hybrid electric
vehicles (HEVs) may be provided with one or more battery
packs comprising a plurality of battery cells. Battery man-
agement systems in such electric or hybrid vehicles may
comprise a BMS electronic control unit (ECU) which is
coupled to the battery pack(s) in order to manage the battery
cells.

Managing of the battery cells may comprise, for instance,
sensing of the voltage provided at the output of each cell in
a battery pack, and/or balancing of the charge stored in the
battery cells.

An electronic control unit of a battery management sys-
tem (BMS ECU) may comprise electrical connections to
each cell in a battery pack, with each of these electrical
connections being a source of possible hot-plug events that
may damage the electronic circuitry in the BMS ECU, in
case the inrush energy flowing through the BMS ECU (e.g.,
the inrush current due to the hot-plug voltage spikes) is not
limited by means of some protection circuitry.

Thus, hot-plug issues may particularly affect BMS elec-
tronic control units, since each battery cell is a potential
source of hot-plug events. For instance, during a vehicle
assembly phase, an operator may manually connect each cell
of a battery pack to a corresponding pin of a BMS electronic
control unit (e.g., via a printed circuit board having the BMS
ECU mounted thereon). These pins may thus be coupled to
nodes at different voltages, with the voltage increasing along
the battery stack.

The connection order of the battery cells to the BMS ECU
may be random, so that the number of possible connection
sequences may be high. For instance, in a battery pack
comprising, say, 14 battery cells, the number of possible
connection sequences is notionally equal to 14! (i.e., more
than 87 billions).
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Under these circumstances, it would be nearly impossible
to test the robustness of the BMS ECU against all possible
hot-plug scenarios.

In this context, developing robust BMS electronic control
units having improved protection against possible hot-plug
events is becoming more and more relevant.

Solutions for providing protection of integrated circuits
against hot-plug events, without restriction to the specific
case of electronic control units for battery management
systems, are thus desirable.

SUMMARY

Despite the extensive activity in the area, further
improved solutions are desirable.

For instance, solutions are desirable which may provide
increased safety of electronic control units and/or integrated
circuits at an affordable cost.

Specifically, solutions are desirable which may provide
integrated circuits with improved robustness against hot-
plug events.

Solutions are desirable which may provide hot-plug pro-
tection against every possible cell connection sequence, at
an affordable cost.

In particular, such robust solutions may involve a limited
number of components external to the integrated circuit,
thereby reducing the cost and complexity of a corresponding
electronic control unit.

Solutions comprising a limited number of external com-
ponents may facilitate reducing unwanted current leakage
and reducing measurement errors of voltage levels at the
pins of an integrated circuit.

An object of one or more embodiments is to contribute in
providing such improved solutions.

According to one or more embodiments, such an object
can be achieved by means of an integrated circuit having the
features set forth in the claims that follow.

One or more embodiments may relate to a corresponding
electronic device.

One or more embodiments may relate to a vehicle (for
instance, a motor vehicle such as an EV or a HEV) equipped
with such an integrated circuit or electronic device.

One or more embodiments may relate to a corresponding
method of providing hot-plug protection in an integrated
circuit.

The claims are an integral part of the technical teaching
provided herein in respect of the embodiments.

One or more embodiments may facilitate providing inte-
grated circuits with integrated hot-plug protection circuits,
without involving external components or involving a lim-
ited number of external components.

One or more embodiments may facilitate dynamically
activating a hot-plug protection circuit included in an inte-
grated circuit, e.g., as a result of a voltage spike being
applied at any of the input pins of the integrated circuit.

In one or more embodiments, a hot-plug protection circuit
may convey the hot-plug inrush current received from any of
the input pins of the integrated circuit towards a single
pre-determined output pin, or towards a set of pre-deter-
mined output pins. Thus, one or more embodiments may
facilitate providing “deterministic” inrush current paths in
an integrated circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

One or more embodiments will now be described, by way
of example only, with reference to the annexed figures,
wherein:
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FIG. 1 is a circuit diagram exemplary of an (integrated)
circuit supplied by a voltage source;

FIG. 2 is exemplary of possible time behavior of signals
in the circuit arrangement of FIG. 1;

FIG. 3 is a circuit diagram exemplary of a possible
context of use of one or more embodiments;

FIG. 4A is a block diagram exemplary of a clamp circuit
in one or more embodiments;

FIG. 4B is exemplary of possible electrical connections of
a clamp circuit in one or more embodiments;

FIG. 5A is exemplary of possible implementation details
of one or more embodiments;

FIG. 5B is exemplary of possible operating details of one
or more embodiments;

FIG. 6 is a block diagram exemplary of a clamp circuit in
one or more embodiments;

FIGS. 7 and 8 are exemplary of possible implementation
details of one or more embodiments;

FIG. 9 is a circuit diagram exemplary of possible contexts
of use of embodiments; and

FIG. 10 is a block diagram exemplary of possible contexts
of use of embodiments.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

In the ensuing description, one or more specific details are
illustrated, aimed at providing an in-depth understanding of
examples of embodiments of this description. The embodi-
ments may be obtained without one or more of the specific
details, or with other methods, components, materials, etc.
In other cases, known structures, materials, or operations are
not illustrated or described in detail so that certain aspects of
embodiments will not be obscured.

Reference to “an embodiment” or “one embodiment” in
the framework of the present description is intended to
indicate that a particular configuration, structure, or charac-
teristic described in relation to the embodiment is comprised
in at least one embodiment. Hence, phrases such as “in an
embodiment” or “in one embodiment” that may be present
in one or more points of the present description do not
necessarily refer to one and the same embodiment. More-
over, particular conformations, structures, or characteristics
may be combined in any adequate way in one or more
embodiments.

The references used herein are provided merely for con-
venience and hence do not define the extent of protection or
the scope of the embodiments.

By way of general introduction to the detailed description
of embodiments, one may at first refer to FIGS. 1 and 2.

FIG. 1 is exemplary of a voltage source 10 configured to
provide a voltage V. between two terminals 100 and 102,
with the (negative) terminal 102 possibly coupled to a
reference (ground) node GND. An integrated circuit 12 as
exemplified in FIG. 1 may comprise two input pins 104 and
106 configured to receive a voltage, e.g., a power supply
voltage from the voltage source 10, by coupling the (posi-
tive) pin 104 to the (positive) terminal 100 and the (negative)
pin 106 to the (negative) terminal 102 by means of an
electrically conductive line W.

The electrically conductive line W may comprise, for
instance, electrical wires and/or electrically conductive lanes
on a printed circuit board (PCB).

The electrically conductive line W, which comprises a
pair of output terminals 108, no for coupling to the input pins
104, 106 of the integrated circuit 12, may have parasitic
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components such as a series resistance R, .., an inductance
L, and a capacitance C, ,,, as exemplified in FIG. 1.

The electrically conductive line W can be said to be “hot”
(i.e., electrically charged) if coupled, at a first end, to the
voltage source 10. As a result of the terminal 108 being
coupled to the pin 104 and the terminal 110 being coupled
to the pin 106 (e.g., by manually implementing such con-
nection, or by operating an electronic switch SW as exem-
plified in FIG. 1), the voltage V_,, generated at the output
terminals 108, 110 of the electrically conductive line W (and
thus at the input pins 104, 106 of the integrated circuit 12)
may have voltage spikes. Such spikes of the voltage V_,,
may be due to an impulsive current flowing through the
parasitic inductance L, , ., which generates a certain voltage
V; between the terminals 100 and 108 (neglecting the
voltage drop Vj across the parasitic resistance R, ;) that
adds to the voltage V. according to the following equa-
tion:

Vour=V,

AVRVi=V,

plug +V;>>V,

lug plug

In certain cases, oscillations of such voltage spikes of the
voltage V,,, may be prolonged as a result of some resonance
effect between the inductive and capacitive parasitic com-
ponents of the electrically conductive line W, and/or
between inductors and capacitors physically mounted on the
printed circuit board, e.g., for filtering and/or stabilization
purposes.

Therefore, the voltage V_,,, provided at the output of the
electrically conductive line W (and thus at the input of the
integrated circuit 12) may exceed the absolute maximum
ratings (AMR) of the integrated circuit 12, possibly resulting
in (permanent) damages thereof.

FIG. 2 is exemplary of possible time behaviors of the
voltage V,,,, at the output terminals 108,110 of the electri-
cally conductive line Win two different cases.

In a first case (exemplified by the dotted curve in FIG. 2),
the voltage source 10 is a controllable power supply unit
(PSU), which can be plugged in without generating voltage
spikes at the input pins 104, 106 of the integrated circuit 12,
since the slope of the output voltage V, can be controlled
(e.g., limited) by the output current capability of the power
supply unit.

In a second case (exemplified by the solid curve in FIG.
2), the voltage source 10 is a battery (BAT). Batteries may
be always “hot”, i.e., able to provide a certain voltage V ;.
between the terminals 100 and 102, and may have a large
output current capability. Therefore, voltage spikes may be
generated at the terminals 108, 110 as soon as a battery is
plugged in, i.e., coupled to the integrated circuit 12 via the
electrically conductive line W.

As noted, hot-plug issues may therefore be particularly
relevant in battery-supplied electronic systems, e.g., elec-
tronic systems in electric vehicles and hybrid electric
vehicles provided with battery packs comprising a plurality
of battery cells. Battery management systems in such kind of
vehicles may comprise a BMS electronic control unit which
is coupled to the battery pack in order to manage the battery
cells. The BMS ECU may comprise electrical connections to
each cell in the battery pack, with each of these electrical
connections being a source of possible hot-plug events that
may damage the electronic circuitry in the BMS ECU, in
case the inrush energy flowing through the BMS ECU (e.g.,
the inrush current due to the hot-plug voltage spikes) is not
limited by means of some protection circuitry.

For instance, FIG. 3 is exemplary of a battery pack BP
comprising a plurality of battery cells (indicated as
CELL1, . . ., CELL14) coupled in series between a
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(negative) terminal BATT_MINUS and a (positive) terminal
BATT_PLUS. As a result of the battery cells CELL, . . .,
CELL14 being coupled in series and providing respective
voltages Vi, . . ., V,,, the nodes intermediate each pair of
cells are configured to provide voltage levels V,,; (with
i=0, . . ., 14) which increase from V, ;=Vy 7r agnus 10
V14 Vaurr prus

It will be understood that each of the battery cells
CELL1, . . ., CELL14 shown in FIG. 3 may comprise a
single cell or a plurality of cells coupled in parallel.

A battery management system may comprise an electronic
control unit 30 configured to manage the battery pack BP in
a manner known per se. The electronic control unit 30 may
be implemented as an integrated circuit having a plurality of
input pins and/or output pins (see, for instance, the pins
Co0,...,Cl4and/orS1,...,S14 and/or B2_1,...,B14_13
in FIG. 3), the integrated circuit being possibly mounted on
a printed circuit board 32 having a respective plurality of
input pins and/or output pins (see, for instance, the pins
PO, . .., P14 in FIG. 3).

As exemplified in FIG. 3, the pins of the electronic control
unit 30 may be coupled to the pins of the printed circuit
board 32 via resistive and/or capacitive elements, e.g., in
order to realize a low-pass filtering of the voltage signals
V,0 -+ V, 14 sensed at the pins PO, . . ., P14. The pins
of the printed circuit board 32 may thus be coupled to
respective terminals in the stack comprising the battery cells
CELL1, ..., CELL14.

Both the electronic control unit 30 and the printed circuit
board 32 may have other pins/pads not visible in the Figures
annexed herein, and the electrical connections illustrated
herein are provided by way of example only.

As discussed previously:

hot-plug issues may be particularly relevant for BMS

electronic control units, since each battery cell is a
potential source of hot-plug events,
the connection order of the battery cells to the BMS PCB
32 may be random, which may result in a very high
number of possible connection sequences and make it
nearly impossible to test the robustness of the BMS
ECU against all possible hot-plug scenarios; and

developing robust BMS electronic control units having
improved protection against possible hot-plug events is
a desirable goal to be pursued.

One or more embodiments may thus relate to solutions
which facilitate protection of integrated circuits against
hot-plug events, without restriction to the specific case of
electronic control units for battery management systems.

In that respect it is noted that, according to a solution well
known to those of skill in the art, integrated circuits may be
provided with internal electrostatic discharge (ESD) clamp
circuits (not visible in FIG. 3).

Such ESD clamp circuits may be designed in order to be
activated as a result of the voltage and/or current values at
the pins of the integrated circuit violating the absolute
maximum ratings (AMR) of the integrated circuit, with such
approach being generally referred to as “static ESD clamp”.

Additionally or alternatively, the ESD clamp circuits may
be designed in order to be activated as a result of the voltage
and/or current values at the pins of the integrated circuit
having variations (e.g., rising or falling) over time with a
slope that is higher than a certain threshold, with such
approach being generally referred to as “dynamic ESD
clamp”.

An example of ESD clamp circuit is a circuit that becomes
conductive between a first pin and a second pin of an
integrated circuit as a result of the voltage applied between
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6
a certain pair of pins (the certain pair of pins comprising at
least one of said first pin and second pin) being higher than
a certain threshold.

In case a voltage spike is applied at a certain pair of input
pins of an integrated circuit due to a hot-plug event, it is
likely that the absolute maximum ratings of the IC will be
violated, thereby activating the internal ESD clamp circuits.
However, it is noted that such ESD clamp circuits may not
be designed to withstand a high power for a time interval
longer than a few hundreds of nanoseconds (1 ns=1077 s).

In case of a hot-plug event, a certain inrush current
(possibly having a high magnitude) may flow through the
integrated circuit between a first pin and a second pin during
a transient phase. Such inrush current may flow through
different conductive paths inside and outside the integrated
circuit depending on the architecture of the internal ESD
clamp circuits.

The transient phase may involve charging capacitances
internal to the integrated circuit 30 (e.g., substrate capaci-
tances) and/or external to the integrated circuit 30 (e.g.,
differential filtering capacitors coupled between pairs of pins
CO0, . .., C14 or ESD capacitors Crsp, - - - s Crspra)- Due
to the external capacitances being generally higher than the
internal ones, the transient phase may be dominated by such
external capacitances, with the duration of the transient
phase mainly depending on the magnitude of the external
capacitances (e.g., in the range of some tens or hundreds of
oF, with 1 nF=10"° F).

As a result of the ESD clamp circuits internal to the
integrated circuit 30 being generally designed for withstand-
ing short-lasting transient phases, an inrush current flowing
through a conductive path involving at least one of the
external capacitances may have a duration which exceeds
the limits of the ESD clamp circuits, thus resulting in a
relevant probability of generating damages thereof.

After the transient, the capacitors Czspos - - - 5 Crspia
coupled to the respective pins PO, . . . , P14 (also referred to
as “ESD capacitors” in the following) may be charged to
respective voltage levels, with such voltage levels depend-
ing on the cell voltages V|, . . ., V,,, wherein typically the
pin voltage increases along the battery stack,i.e. V, <V, ;.
In the context of the present description, designations
Vis ..., V,, refer to the cell voltages, understood as the
(differential) voltage drop across each of the cells CELIL1,
CELL14, while designations V,,, . .., V, , refer to the

s VYp,l

(absolute) voltages at pins PO, . . ., P14,i.e. V=V, -V, . .

The voltage levels reached by the capacitors Cxopg,
Crsp14 may also depend on the charging path, the charging
path comprising both external analog front end and internal
components of the integrated circuit.

With such voltage levels being possibly simulated and/or
analytically estimated, the energy E, (with i=0, . . ., 14)
transferred to a certain node for charging a certain ESD
capacitor may be computed according to the following
equation:

E=YoCrepiV, 2

Thus, the “higher” is the battery cell in the battery stack,
the higher would be the inrush current involved in the
charging phase of the corresponding ESD capacitor. How-
ever, this has to be understood as a simplified, exemplary
case. Generally, the connection of any of the pins PO, . . .,
P14 of the PCB 32 to the respective battery cell may
generate voltage levels at the pins of the integrated circuit 30
which may activate various ESD current paths.

This may result in restrictions on the possible connection
orders of the battery cells, which is disadvantageous since
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the operators performing the connections should be
instructed to insert the battery cells one by one, e.g. starting
from the lowest in the stack up to the topmost, with a
resulting lengthy and complex assembly procedure which is
prone to possible errors.

It is also noted that the energy E, depends on the value of
capacitance Cg, so that the higher is the capacitance C.q,,,
the higher is the energy E,. Thus, the value of the capacitance
Cgsp; may be limited in order to limit the inrush current,
with the drawback of limiting the filtering capability of the
input circuitry associated to the electronic control unit 30.

It is noted that the transient duration may depend on the
time constant(s) of the resistive and capacitive network
between the PCB pins PO, . . . , P14 and the ECU pins, and
on the ESD current path(s) which is/are activated in the
integrated circuit 30, thus resulting in an often hardly
predictable transient duration. Typical values of the transient
duration are about 10 us (1 us=107°s), which is much higher
than the maximum allowed activation time for the internal
ESD clamp circuits of the integrated circuit 30.

In known solutions, differential ESD clamp circuits inter-
nal to an integrated circuit may be configured to limit the
voltage between any pair of pins of the integrated circuit to
a certain value within the absolute maximum ratings of the
IC (e.g., 8 Vor 6 V). The ESD clamp circuits internal to the
integrated circuit may comprise a plurality of diodes, e.g.
Zener diodes, arranged in an ESD network.

As a result of a hot-plug event at a certain pair of pins,
inductive voltage spikes may activate such ESD network.
The amount of energy to be sustained by the ESD clamp
circuits may depend on the capacitance of the ESD capaci-
tors Crqp, coupled to the PCB pin PO, . . ., P14. An inrush
current may flow through the ESD clamp circuits across a
plurality of different conductive paths, with such inrush
current being possibly dangerous for the ESD clamp circuits
themselves.

In such known solutions, diodes external to the integrated
circuit (e.g., 6.8 V Zener diodes) may be coupled in parallel
to the internal ones, e.g. between subsequent pins of the
integrated circuit configured to be coupled to increasing
voltage values. For instance, with reference to FIG. 3, a
Zener diode may be coupled externally to the electronic
control unit 30 (e.g., on the PCB 32) between each pair of
subsequent pins CO0, . . . , C14 the Zener diodes having the
anode coupled to the pin at the lower voltage and the cathode
coupled to the pin at the higher voltage.

Such external Zener diodes may facilitate deviating the
hot-plug energy (i.e., the inrush current generated as a result
of a hot-plug event) outside of the integrated circuit, thereby
providing improved protection against hot-plug events.

In this context, the inventors have noted that known
solutions for protecting integrated circuits against hot-plug
events involve a certain number of Zener diodes coupled
externally to the IC (e.g., in parallel to battery cells) in order
to deviate the possible hot-plug energy outside of the IC.

The inventors have noted that such external Zener diodes
may generate additional current leakage paths, which may
negatively affect the precision of the pin voltage measure-
ment (i.e., the measurement of the voltage levels
V, 0 - s YV, 14) in case the leakage current flows thorough
the low-pass filter resistors R; .z, - . . , Ry ppp4 coupled
between the PCB pins PO, . . ., P14 and the respective ECU
pins CO, . . ., C14.

For instance, a current leakage of 2 pA across two
resistors R; - of 1 k€ would generate an offset error of 4
mV on the measured cell voltage, which may not be com-
patible with the system requirements. Reducing the resis-
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tance of the low-pass filter resistors may reduce the offset
error on the measured cell voltage, but the at the expense of
worsening the filtering capabilities.

Additionally, the external Zener diodes may require a
certain amount of space on the printed circuit board 32,
thereby increasing the cost and complexity of the device.

The inventors have also noted that it may be almost
impossible to test the robustness of an integrated circuit
according to the known solutions against all possible cell
insertion orders, e.g. in case the battery stack comprises 14
battery cells. Therefore, known solutions may not provide
any certification of hot-plug withstanding capability.

In this context, one or more embodiments of the present
disclosure may provide improved solutions for protecting
integrated circuits against hot-plug events.

FIG. 4A is exemplary of an integrated circuit, e.g. an
electronic control unit 30, having a plurality of input/output
pins Pinl, Pin2, Pin3, . . ., PinN possibly couplable to “hot”
terminals (i.e., terminals possibly subject to hot-plug
events). The electronic control unit 30 is provided with an
ESD clamp circuit 40.

In one or more embodiments, the ESD clamp circuit 40
may be integrated within the electronic control unit 30,
without involving external components such as Zener diodes
to be coupled between pairs of pins of the electronic control
unit 30.

In one or more embodiments, the ESD clamp circuit 40
may be dynamic, insofar as it may be activated (e.g.,
triggered) by a voltage spike being sensed at any of the pins
Pinl, . . ., PinN as a result of a hot-plug event taking place
at any of the pins Pinl, . . ., PinN.

In one or more embodiments, the ESD clamp circuit 40
may be centralized, insofar as it may convey the hot-plug
energy (e.g., the hot-plug current) received from any of the
pins Pinl, . . ., PinN towards a single pre-determined output
pin 46, or towards a set of pre-determined output pins (not
visible in the Figures annexed herein).

In one or more embodiments, an ESD clamp circuit 40
may provide deterministic inrush current paths, thereby
facilitating predicting the path that an inrush current may
follow, for any possible hot-plug event (i.e., for any possible
connection sequence of the pins Pinl, . . ., PinN).

Thus, one or more embodiments may provide an inte-
grated, dynamic and centralized ESD clamp circuit 40.

In one or more embodiments, the static component of an
ESD clamp circuit 40 may be higher than the operating
voltage which is sensed at the pins Pinl, . . ., PinN in normal
operating conditions of the electronic control unit 30. The
static component of the ESD clamp circuit 40 may relate to
the absolute maximum ratings (AMR) of the electrical
component(s) (e.g., 44) comprised in the ESD clamp circuit
40, and may refer to any signal (static or variable) which
does not result in a dynamic activation of the ESD clamp
circuit.

For instance, the ESD clamp circuit 40 may be designed
so to withstand a voltage level equal to the highest voltage
level possibly applied to any of the pins Pinl, . . ., PinN in
normal operating conditions.

In one or more embodiments, the break-point of an ESD
clamp circuit 40 may be pre-determined and easily design-
able, with the break-point corresponding to a certain value
of maximum current flowing through the ESD clamp circuit
40 and a certain value of maximum voltage across the ESD
clamp circuit 40 which would result in failure of the ESD
clamp circuit 40.
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Therefore, in one or more embodiments, an ESD clamp
circuit 40 integrated in an electronic control unit 30 may be
configured to:

be coupled to the pins Pinl, . . ., PinN of the electronic
control unit 30 which may be subject to hot-plug
events;

be triggered, thereby becoming conductive, as a result of
a voltage spike being sensed at any of the pins
Pinl, . . ., PinN coupled thereto;

provide one or more pre-determined current paths
between the pins Pinl, . . . , PinN and at least one
pre-determined output pin 46 of the electronic control
unit 30.

Additionally, an ESD clamp circuit 40 integrated in an
electronic control unit 30 may be configured to have a static
component higher than the operating voltage which is pres-
ent at the pins Pinl, . . ., PinN during normal operation of
the electronic control unit 30, and/or to have a pre-deter-
mined break-point.

With reference to FIG. 4A, an exemplary ESD clamp
circuit 40 according to one or more embodiments may thus
comprise:

respective diodes D1, . . ., DN coupled to each of the pins

Pinl, . . . , PinN of the electronic control unit 30
possibly subject to hot-plug events, the diodes being
coupled between the respective pins Pinl, . . . , PinN
and a common node 42, e.g. having respective anodes
coupled to the respective pins Pinl, . . . , PinN and
respective cathodes coupled to the common node 42,
and

clamping circuitry 44 coupled between the common node

42 and an output pin 46 of the electronic control unit
30.

For instance, in one or more embodiments, the device
available with the trade designation 1.9963 with companies
of the STMicroelectronics Group may be exemplary of a
conventional arrangement for such an electronic control unit
30.

In one or more embodiments, the electronic control unit
30 may comprise an integrated circuit 30 as exemplified in
FIG. 3, configured to be coupled to a battery pack BP
comprising a set of battery cells, e.g. 14 battery cells. Thus,
the set of pins Pinl, PinN may comprise the pins CO, . . .,
C14 and/or S1, .. .,S14 and/or B2_1, ..., B14_13, as well
as the pin Vg, as exemplified in FIG. 4B, and possibly
other pins not visible in the annexed Figures.

In particular, the pins of the electronic control unit 30 may
be configured as discussed in the following.

The pin VBAT may be configured to provide power
supply to the electronic control unit 30, usually correspond-
ing to the positive terminal of the topmost battery cell in the
battery pack (e.g., Vp,14:VBATT7PLUS);

Pins Ci may be configured to sense the voltage Vp,i at the
corresponding battery cell CELLi by coupling to the positive
terminal of the battery cell CELLi. The cell voltage V, is
sensed by performing a differential measurement between
pins Ci and Ci-1, the latter being coupled to the negative
terminal of battery cell CELLi and, in addition, to the
positive terminal of the battery cell CELLi-1 (with the
exception of pins C14 and C0, which may not share their
connection with two cells).

Pins Si may be configured as battery cell FET (Field
Effect Transistor) control output of the corresponding bat-
tery cell CELL4, i.e., as switches activating a respective
conduction path involving battery cell CELLA.
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Pins Bi_i-1 may be configured as common terminals
connected between the two switches insisting on pins Si and
Si-1.

In one or more embodiments, the pins Si and Bi_i-1 may
be used for balancing purposes, namely for discharging
battery cells which are detected to be “too charged” in order
to equalize the distribution of charge over all the battery
cells. The equalization process may be defined “passive” if
the charge subtracted from a more charged cells is dissipated
on a resistor (which may be either internal or external to the
integrated circuit 30). Conversely, the equalization may be
defined “active” if the charge subtracted from a more
charged cell is transferred to a less charged one by means of
non-resistive internal or external components. In both cases,
pins Si and Bi_i-1 may provide the capability of acting as
switches for the actuation of the balancing process. A
possible implementation of such switches is by means of
Field Effect Transistors (FETs).

Several implementations of the clamping circuitry 44 are
possible. For instance, FIG. 5A is exemplary of one or more
embodiments wherein the clamping circuitry 44 is imple-
mented with a gate-coupled MOS transistor 50 having the
current path between the node 42 and the output pin 46, e.g.
having the drain coupled to the node 42 and the source
coupled to the output pin 46.

The MOS transistor 50 may comprise a body diode 52
coupled between the source terminal and the drain terminal.
It will be understood that the body diode 52 is explicitly
illustrated in FIG. 5A for the sake of easier comprehension
only, while the diode 52 may be inherently present in the
transistor 50.

The clamping circuitry 44 may comprise a so-called
Miller capacitance 54 coupled between the drain terminal
and the gate terminal of the MOS transistor 50. Such Miller
capacitance 54 may be a parasitic component of the MOS
transistor 50 (thus illustrated in FIG. 5A as a separate
element for the sake of easier comprehension only), or may
be a physical component intentionally realized as a separate
element from the MOS transistor 50.

In one or more embodiments, the clamping circuitry 44
may comprise a component for forcing the clamping cir-
cuitry 44 to operate at a certain (pre-defined) working point
in case the clamping circuitry is activated. For instance, a
Zener diode 50 connected between the gate terminal and the
source terminal of the MOS transistor 50, e.g. having the
anode coupled to the source terminal and the cathode
coupled to the gate terminal of the MOS transistor 50, may
provide such “forcing” function by clamping the gate-source
voltage of the MOS transistor 50.

In one or more embodiment, the static component of the
ESD clamp circuit 40 may be a function of the drain-source
breakdown voltage of the MOS transistor 50. For instance,
a MOS transistor 50 having a breakdown voltage of about 80
V (e.g., in the range 72-88 V) may be selected, thereby
resulting in a static component of the ESD clamp circuit 40
approximately equal to 8 V (e.g., in the range 72-88 V).

Generally, the static component of the ESD clamp circuit
40 may be designed so the be higher than the maximum
operating voltage applied to the ESD clamp circuit 40 in
normal operating conditions, which may depend, e.g., on the
number of battery cells in the battery pack BP.

In one or more embodiments, the ESD clamp circuit 40
may be dynamically activated by a hot-plug event and/or an
ESD event at any of the pins Pinl, . . . , PinN. As a result
of a voltage spike taking place at any of the pins Pinl, . . .
, PinN, the drain-source voltage VDS of the MOS transistor
50 (which may be initially OFF) may have a corresponding
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voltage spike, thereby resulting in a current flowing between
the node 42 and the output pin 46 through the current
discharge path provided by the Miller capacitance 54 and the
Zener diode 56 coupled in series.

The value of the capacitance 54 may be designed so to
make the ESD clamp circuit 40 sensitive (e.g., activatable)
to time-variations of the drain-source voltage V ,; which are
greater than a certain threshold value, e.g. 25 V/us.

In one or more embodiments, the MOS transistor 50 may
be forced to operate with a certain value of gate-source
voltage, e.g. 5 V, by means of the Zener diode 56. Therefore,
a current i,, flowing through the capacitance 54 and the
Zener diode 56 may be computed according to the following
equation:

dVpe
dr

dVps
dr

iy =Cuy -

dVps dVgs
:CM'( - ] Vas=sv = Cwm -

dr dr

wherein C,,is the capacitance of the Miller capacitance 54,
Ve 1s the drain-gate voltage of the MOS transistor 50, and
Vs 18 the gate-source voltage of the MOS transistor 50,
being clamped by the Zener diode 56.

Therefore, in one or more embodiments, the value of the
current i,, may depend on the variation rate of the voltage
V s across the clamping circuitry 44, thereby providing the
possibility of dynamically activating the ESD clamp circuit
40.

In one or more embodiments, an ESD clamp circuit 40
may thus be configured to provide a current path for inrush
currents due to hot-plug events between any of the pins
Pinl, . . ., PinN and at least one output pin 46 of the
electronic control unit 30, with the at least one output pin 46
possibly being coupled (directly or indirectly) to a (ground)
reference terminal of the printed circuit board 32.

In one or more embodiments, the MOS transistor 50 being
forced to operate at a certain value of gate-source voltage by
means of the Zener diode 56 may also provide a way of
designing a pre-determined break-point of the ESD clamp
circuit 40, as exemplified in FIG. 5B, wherein the break-
point may be identified as a pair of values (I,,,..; Vj,ear)
current and voltage applied to the MOS transistor 50 for that
certain value of gate-source voltage V ;s 1

For instance, in one or more embodiments, V ;s .1, May
be approximately equal to 5 V, resulting in V.. being
approximately equal to 65 V and 1,,,,, being approximately
equal to 3A. Such values may vary depending on the
application and/or on the design of the clamping circuitry
44.

In one or more embodiments, an ESD clamp circuit 40 as
described above may be configured to co-operate with an
(external) power limiting circuit 60, as exemplified in FIG.
6. The power limiting circuit 60 may be implemented, for
instance, as a circuit on the printed circuit board 32, external
to the electronic control unit 30.

A power limiting circuit 60 according to one or more
embodiments may limit the power (e.g., the current) flowing
through the ESD clamp circuit 40 coupled thereto, in order
to keep such power below the break-point of the ESD clamp
circuit 40. In one or more embodiments, a power limiting
circuit 60 may be coupled between the at least one output pin
46 of the electronic control unit 30 and a reference pin 62 of
the printed circuit board 32, the reference pin 62 being in
turn possibly coupled with a power rail or a ground rail of
the electronic system, e.g. a battery management system,
comprising the printed circuit board 32.
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In particular, a power limiting circuit 60 may be config-
ured to provide a high-impedance current path between the
output pin 46 and the reference pin 62. In case a hot-plug
event occurs at any of the pins Pinl, . . ., PinN of the ECU
30, the resulting inrush current may thus be deviated by
means of the ESD clamp circuit 40 through said high-
impedance path, whose impedance value may be sized
taking into account the break-point of the ESD clamp circuit
40. For instance, a worst-case may be considered, and the
impedance value of the high-impedance path may be chosen
in order to limit the magnitude of the inrush current below
the break-point current I, .. of the ESD clamp circuit 40.

Just by way of example, such worst-case analysis for the
dimensioning of a high-impedance path in the power limit-
ing circuit 60 may comprise the following steps labeled a) to
d).

a) Take into consideration the highest voltage value V.,
which may be provided by a voltage source 10 in the
considered application. For instance, in case the voltage
source 10 is a battery pack with 14 battery cells, with
each of the cells being able to provide a maximum
output voltage of approximately 4.2 V, the highest
value of V. possibly provided between terminals 100
and 102 may be approximately equal to 14*4.2 V=58.8
V.

b) Take into consideration the effect of the electrically
conductive line W, which may result in a voltage V,_,,,
between terminals 108 and 110 having spikes as exem-
plified in FIG. 2, thus resulting in V_,, >V Expected

out plug

values of V_,, may be computed as a function of typical
valuesofV,,, . R, .. L, and C,,, for the considered

application. For instance, if a hot-plug event takes place
by coupling the voltage source 10 to the circuit 12 by
means of a copper wire 20AWG (American Wire
Gauge), 4 ft long, typical values may be R, =40 mQ
and L, ,,.=2 uH. In some cases, in place of the capaci-
tance C,;,, may be considered the input capacitance of
the pin which is being connected to the electrically
conductive line W (e.g., one of the capacitances C .,
Crsp14 exemplified in FIG. 3). With exemplary values
of the capacitances Crpp, - - - s Czspo4 being approxi-
mately 47 nF, and considering a slope of 100 V/us for
the input signal V., a maximum value V.. of
about 110 V of the signal V_,, may be computed.

¢) Assume that such signal V,,, is entirely applied to the
series-connected clamping circuitry 44 and power lim-
iting circuit 60, i.e. between nodes 42 and 62, neglect-
ing any possible voltage drop between the pins
PO, . . ., P14 and the input pins Pinl, PinN of the
integrated circuit 30.

d) Take into consideration the break-point (I,,..4 Vprear)
of the ESD clamp circuit 40, and compute a value of
impedance for the high-impedance path in the power
limiting circuit 60 so that the current flowing between
nodes 42 and 62 during a hot-plug event is lower than
Iy,ear For instance, considering (as an example)

preai—=3 A, then the value of impedance for the high-
impedance path may be computed to be around
Vst mad Lprear=110 VI3 A=36.6Q.

As noted, the impedance value of the high-impedance
path may be sized according to any suitable design analysis,
with the worst-case procedure discussed above being purely
exemplary.

Additionally, in one or more embodiments, a power
limiting circuit 60 may provide a selectively activatable
low-impedance current path between the output pin 46 and
the reference pin 62, i.e. in parallel to the high-impedance
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current path, so as to facilitate bypassing the high-imped-
ance current path during normal operation of the BMS ECU
30. Providing such low-impedance current path may be
advantageous in that it avoids introducing a high-impedance
current path in series with a power rail and/or a ground rail
during normal operation of the BMS ECU, which is unde-
sirable in many applications.

In one or more embodiments, the components comprised
in the power limiting circuit 60 may be designed and/or
sized in order to withstand inrush currents generated by
hot-plug events, with reduced risk of damage thereof.

For instance, FIG. 7 is a circuit diagram exemplary of a
possible architecture of a power limiting circuit 60, com-
prising a high-impedance element 70, in particular a high-
impedance resistor, between the pins 46 and 62, and a
low-impedance current path in parallel to the high-imped-
ance element 70, the low-impedance current path being
activatable (i.e., possibly made conductive) by means of an
electronic switch 72.

It will be understood that different components may be
used for implementing the high-impedance element 70 and
the electronic switch 72, without departing from the scope of
the present invention.

In one or more embodiments, as a result of the electronic
system (or, more specifically, the battery management sys-
tem) comprising the ECU 30 operating in normal conditions,
the ESD clamp circuit 40 may be inactive. The output pin 46
of the electronic control unit 30 may act as a reference pin
for the ECU, with the internal polarization current(s) of the
ECU 30 flowing through the output pin 46 of the ECU
towards the reference pin 62 of the PCB through the
low-impedance current path provided in the power limiting
circuit 60. Therefore, the electronic switch 72 may be
conductive during normal operation of the ECU 30.

In one or more embodiments, as a result of the electronic
system (or, more specifically, the battery management sys-
tem) comprising the ECU 30 not operating in normal
conditions (e.g., being handled by an assembly operator
during an assembly phase), the polarization circuitry internal
to the ECU 30 (not visible in the Figures annexed herein)
may be inactive and the ESD clamp circuit 40 may be
sensitive to possible hot-plug events. As a result of a
hot-plug event happening, the output pin 46 of the electronic
control unit 30 may act as a clamp rail output pin of the
ECU, with the hot-plug inrush current(s) flowing through
the ESD clamp circuit 40 to the output pin 46 of the ECU,
then towards the reference pin 62 of the PCB through the
high-impedance current path provided in the power limiting
circuit 60. The high-impedance current path may be
designed and/or sized in order to limit the magnitude of the
inrush current. Therefore, the electronic switch 72 may be
non-conductive when the ECU 30 is not operating in normal
conditions.

In one or more embodiments, the electronic switch 72
may be implemented as a transistor, in particular a MOS
transistor (e.g., an n-type MOS transistor), or a BJT tran-
sistor (e.g., an NPN BIJT transistor) working in saturation
region, i.e. with a high base polarization current.

For instance, FIG. 8 is a circuit diagram exemplary of a
possible implementation of the electronic switch 72 with an
n-type MOS transistor 80 (comprising an intrinsic body
diode 82, visible in FIG. 8 as a separate clement for the sake
of understanding only). The n-type MOS transistor 80 has a
gate control terminal configured to receive an activation
signal from a certain terminal 84, the terminal 84 being
possibly coupled to an output pin Vs of the electronic
control unit 30.
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In one or more embodiments, activating (i.e., making
conductive) the electronic switch 72 by means of an acti-
vation signal provided by the electronic control unit 30 may
facilitate avoiding unwanted activations of the electronic
switch 72 (e.g., activations when the ECU 30 is not oper-
ating in normal conditions).

In one or more embodiments, circuitry associated with the
electronic switch 72 may comprise:

a capacitance C g coupled between the control terminal of
the transistor 80 and the reference pin 62, in particular
between the gate and source terminals of the transistor
80 in case the transistor 80 is a MOS transistor;

a resistance R coupled between the control terminal of
the transistor 80 and the terminal 84 configured to
receive the activation signal; and

a resistance RPD coupled between the terminal 84 and the
reference pin 62.

In one or more embodiments the high-impedance element
70 may be a resistor, e.g. a 47Q resistor with a maximum
power rating of 1 W, configured to limit the inrush current
flowing through the ESD clamp circuit 40 as a result of a
hot-plug event at any of pins Pinl, . . ., PinN.

In one or more embodiments, the transistor 80 may have
a breakdown voltage between approximately 60 V and 100
V, and an on-resistance (Ryg o) of approximately a few
tens of m&2, thereby providing a low-impedance current path
between the pins 46 and 62 during normal operation of the
ECU 30.

In one or more embodiments the capacitance C ¢ may be,
for instance, a 47 nF capacitance with a maximum voltage
rating of 16 V, configured to filter voltage spikes in the
voltage V ¢ coupled to the gate of a MOS transistor 80 via
the Miller parasitic capacitance of the transistor 80 during
hot-plug events. Such capacitance Cg may thus facilitate
keeping in a non-conductive state the low-impedance path
(i.e., the transistor 80) during hot-plug events, e.g. prevent-
ing the transistor 80 from activating (i.e., becoming con-
ductive) due to undesired charge coupled to its gate terminal
as a result of the intrinsic Miller parasitic capacitance
between drain and gate (not visible in FIG. 8). As a result of
a voltage spike between the drain and the source of the
transistor 80, a Miller current may flow through the series
formed by the Miller parasitic capacitance (not visible in
FIG. 8) and the gate-source capacitance C. Selecting the
value of the capacitance C ¢ (much) higher than the value of
the Miller parasitic capacitance of the transistor 80, the
gate-source voltage of the transistor 80 may be limited to a
low value during the drain-source voltage spike resulting
from a hot-plug transient. By keeping the gate-source volt-
age below the threshold value above which transistor 80 is
turned on, conduction of transistor 80 during hot-plug events
may be countered. As a result, a hot-plug current may be
forced to flow through the high impedance path (e.g., the
resistor 70) in the power limiting circuit 60.

In one or more embodiments, the capacitance C with
the resistance R, may provide a delay-generating circuit
network which may provide a propagation delay in the
signal propagation path of the activation signal of the
transistor 80 (e.g., the turn-on path of the transistor 80),
thereby facilitating keeping the transistor 80 in a non-
conductive state during hot-plug events.

In one or more embodiments the resistance R ; may be, for
instance, a 10 kQ resistance with a maximum power rating
of 0.1 W.

In one or more embodiments the resistance R, may be,
for instance, a 100 kQ resistance with a maximum power
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rating of 0.1 W, configured to keep the transistor 80 in a
non-conductive state when power supply of the electronic
control unit 30 is removed.

It will be understood the values and ratings of the com-
ponents 80, R, C; and R, illustrated above are given by
way of example only.

FIG. 9 is exemplary of one or more embodiments wherein
an electronic control unit 30 is configured to manage a
battery pack BP comprising a plurality of battery cells
CELLL1, ..., CELLI14. The electronic control unit 30 may
be implemented as an integrated circuit having a plurality of
input pins and/or output pins, the electronic control unit
being mounted on a printed circuit board 32 having a
respective plurality of input pins and/or output pins
Po, ..., Pl4.

In the case exemplified herein, the electronic control unit
30 may comprise an ESD clamp circuit as described in the
present disclosure, particularly comprising a set of diodes
coupled between the input pins of the ECU 30 and a
common node 42 and clamping circuitry 44 coupled
between the common node 42 and the output pin 46 (also
labeled as AGND in FIG. 9).

Additionally, a power limiting circuit 60 may be mounted
on or implemented on the PCB 32, coupled between the
output pin 46 of the ECU and a reference pin 62 of the PCB.
The reference pin 62 may be coupled, for instance, to the
(negative) terminal BATT_MINUS of the battery pack BP.
The power limiting circuit 60 may comprise a control
terminal 84 configured to be coupled to an output pin Vzzs
of the ECU, as exemplified in FIG. 9, the output pin V..
configured to provide a control (e.g., activation) signal for
the power limiting circuit 60.

Therefore, by conveying the inrush power (e.g., inrush
current) of hot-plug events to a set of pre-determined output
pins 46 of the electronic control unit 30, one or more
embodiments may provide solutions wherein a power lim-
iting circuit may be placed in a contained area and coupled
to said pre-determined output pins 46, thereby making
unnecessary providing distributed external components
(e.g., Zener diodes) on each possible inrush current path and
lowering silicon area consumption and IC fabrication costs.

In one or more embodiments, possible inrush current
paths due to hot-plug events may be pre-determined, thus
facilitating providing robust IC architectures against a wide
variety of power surges. For instance, one or more embodi-
ments may facilitate providing nearly total hot-plug protec-
tion in respect to any possible cell connection sequence.

One or more embodiments may also provide scalable
solutions, thus facilitating applying the hot-plug protection
architecture disclosed herein to centralized battery manage-
ment systems, wherein a single ECU is configured to man-
age battery packs comprising a plurality of modules coupled
in series, e.g. in case high voltage levels are required.

FIG. 10 is a block diagram exemplary of a possible
arrangement of a battery pack BP equipping a vehicle V such
as an electric vehicle (EV) or a hybrid electric vehicle
(HEV) with an associated battery management system com-
prising an integrated circuit 30 on a PCB 32. A lithium
battery pack may be exemplary of such a battery pack BP.

Reference to such a possible area of application and/or to
such battery technology is not however to be understood in
a limiting sense of embodiments, and reference to an “elec-
tronic control unit” which is made throughout this descrip-
tion should be understood as a reference to any kind of
integrated circuit.

As exemplified in herein, for example in FIG. 6, an
integrated circuit (e.g., 30) comprising a plurality of input
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pins (e.g., Pinl, . . ., PinN) and at least one output pin (e.g.,
46) may include a hot-plug protection circuit (e.g., 40),
wherein the hot-plug protection circuit may comprise:

a plurality of electrical connections, wherein the input
pins in the plurality of input pins are electrically
coupled to a common node (e.g., 42) in the hot-plug
protection circuit via respective electrical connections
in the plurality of electrical connections, and

clamping circuitry (e.g., 44) coupled between the com-
mon node and the at least one output pin, the clamping
circuitry activatable as a result of a voltage spike
applied across the clamping circuitry.

As exemplified herein, for example in FIG. 6, the plurality
of electrical connections and the clamping circuitry may
provide respective current discharge paths between the input
pins in the plurality of input pins and the at least one output
pin, the respective current discharge paths configured to
become conductive as a result of a voltage spike applied to
any of said input pins in the plurality of input pins being
transferred to the common node via the respective electrical
connection in the plurality of electrical connections electri-
cally coupling said any of said input pins to the common
node.

As exemplified herein, for example in FIG. 6, the plurality
of electrical connections coupling the input pins in the
plurality of input pins to the common node in the hot-plug
protection circuit may comprise respective diodes (e.g.,
D1, ..., DN) coupled between the respective pins in the
plurality of input pins and the common node.

As exemplified herein, for example in FIG. 5A, the
clamping circuitry may comprise:

a MOS transistor (e.g., 50) having a current path between
the common node and the at least one output pin of the
integrated circuit, and

a Zener diode (e.g., 56) having the anode coupled to the
source terminal of the MOS transistor and the cathode
coupled to the gate terminal of the MOS transistor, the
Zener diode being configured to clamp the gate-source
voltage of the MOS ftransistor.

As exemplified herein, for example in FIG. 5A, the
clamping circuitry may comprise a capacitance (e.g., 54)
coupled between the common node and the gate terminal of
the MOS transistor.

As exemplified herein, for example in FIG. 10, an inte-
grated circuit including a hot-plug protection circuit may be
configured as an electronic control unit of a battery man-
agement system for controlling a battery pack (e.g., BP).

As exemplified herein, for example in FIGS. 6 and 7, an
electronic device may comprise:

an integrated circuit according to one or more embodi-
ments, and

a power limiting circuit (e.g., 60) coupled between the at
least one output pin of the integrated circuit and a
reference pin (e.g., 62) and comprising a high-imped-
ance current path (e.g., 70) between the at least one
output pin of the integrated circuit and the reference
pin.

As exemplified herein, for example in FIGS. 6 and 8, the
power limiting circuit may comprise a low-impedance cur-
rent path in parallel to the high-impedance current path, the
low-impedance current path being activatable (e.g., 72) as a
function of an activation signal, the activation signal being
indicative of whether the integrated circuit operates in
normal operating conditions or not.

As exemplified herein, for example in FIG. 8, the activa-
tion signal may be provided as an output signal (e.g., 84) of
the integrated circuit.
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As exemplified herein, for example in FIG. 8, an elec-
tronic device may comprise a delay-generating circuit net-
work (e.g., CGS, RG) in a signal propagation path of the
activation signal configured to delay propagation of the
activation signal.

As exemplified herein, for example in FIG. 6, the inte-
grated circuit may comprise an integrated circuit chip and
the power limiting circuit may be provided external to the
integrated circuit chip.

As exemplified herein, for example in FIG. 6, the elec-
tronic device may comprise a printed circuit board (e.g., 32)
having the integrated circuit mounted thereon and compris-
ing the power limiting circuit external to the integrated
circuit, the power limiting circuit coupled between the at
least one output pin of the integrated circuit and a reference
pin (e.g., 62) of the printed circuit board.

As exemplified herein, for example in FIG. 10, an elec-
tronic device according to one or more embodiments may
comprise an integrated circuit configured as an electronic
control unit of a battery management system for controlling
a battery pack.

As exemplified herein, for example in FIG. 10, an elec-
trically powered vehicle (e.g., V) may comprise:

a battery pack comprising a plurality of electrical battery

cells (e.g., CELL1, . . ., CELL14),
a battery management system coupled to the battery pack,
and

an integrated circuit according to one or more embodi-
ments or an electronic device according to one or more
embodiments configured to control the battery man-
agement system.

As exemplified herein, a method of providing hot-plug
protection in an integrated circuit comprising a plurality of
input pins and at least one output pin, the integrated circuit
including a hot-plug protection circuit, may comprise:

providing a plurality of electrical connections, wherein

the input pins in the plurality of input pins are electri-
cally coupled to a common node in the hot-plug pro-
tection circuit via respective electrical connections in
the plurality of electrical connections, and

arranging clamping circuitry coupled between the com-

mon node and the at least one output pin, the clamping
circuitry activatable as a result of a voltage spike
applied across the clamping circuitry,

wherein the plurality of electrical connections and the

clamping circuitry provide respective current discharge
paths between the input pins in the plurality of input
pins and the at least one output pin, the respective
current discharge paths configured to become conduc-
tive as a result of a voltage spike applied to any of said
input pins in the plurality of input pins being trans-
ferred to the common node via the respective electrical
connection in the plurality of electrical connections
electrically coupling said any of said input pins to the
common node.

Without prejudice to the underlying principles, the details
and embodiments may vary, even significantly, with respect
to what has been described by way of example only, without
departing from the extent of protection.

The extent of protection is defined by the annexed claims.

What is claimed is:

1. An integrated circuit comprising:

a plurality of input pins; and

at least one output pin, the integrated circuit including a
hot-plug protection circuit, the hot-plug protection cir-
cuit comprising:
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a plurality of electrical connections, wherein input pins in
the plurality of input pins are electrically coupled to a
common node in the hot-plug protection circuit via
respective electrical connections in the plurality of
electrical connections;

clamping circuitry coupled between the common node
and the at least one output pin, the clamping circuitry
being activatable as a result of a voltage spike applied
across the clamping circuitry; and

a power limiting circuit coupled between the at least one
output pin of the integrated circuit and a reference pin
and comprising an electronic switch coupled between
the at least one output pin of the integrated circuit and
the reference pin, and wherein the electronic switch
comprises an MOS transistor, a capacitor coupled
between a gate and a source of the MOS transistor, a
first resistor coupled between the gate and a control
terminal of the electronic switch, and a second resistor
coupled between the source and the control terminal of
the electronic switch, wherein a drain of the MOS
transistor is directly coupled to the at least one output
pin of the integrated circuit, and wherein the source of
the MOS transistor is directly coupled to the reference
pin,

wherein the plurality of electrical connections and the
clamping circuitry provide respective current discharge
paths between the input pins in the plurality of input
pins and the at least one output pin, the respective
current discharge paths configured to become conduc-
tive as a result of a voltage spike applied to any of the
input pins in the plurality of input pins being trans-
ferred to the common node via the respective electrical
connection in the plurality of electrical connections
electrically coupling any of the input pins to the com-
mon node.

2. The integrated circuit of claim 1, wherein the clamping

circuitry comprises:

a MOS transistor having a current path between the
common node and the at least one output pin of the
integrated circuit; and

a Zener diode having an anode coupled to a source
terminal of the MOS transistor and a cathode coupled
to a gate terminal of the MOS transistor, the Zener
diode being configured to clamp a gate-source voltage
of the MOS transistor.

3. The integrated circuit of claim 2, comprising a capaci-
tance coupled between the common node and the gate
terminal of the MOS transistor.

4. The integrated circuit of claim 1, configured as an
electronic control unit of a battery management system for
controlling a battery pack.

5. An electrically powered vehicle, comprising:

a battery pack comprising a plurality of electrical battery

cells;

a battery management system coupled to the battery pack;
and

an integrated circuit according to claim 4 configured to
control the battery management system.

6. An electronic device, comprising:

the integrated circuit according to claim 1; and

the power limiting circuit coupled between the at least one
output pin of the integrated circuit and the reference pin
and comprising a high-impedance current path between
the at least one output pin of the integrated circuit and
the reference pin.

7. The electronic device of claim 6, wherein the power

limiting circuit comprises a low-impedance current path in
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parallel to the high-impedance current path, the low-imped-
ance current path being activatable as a function of an
activation signal, the activation signal being indicative of
whether the integrated circuit operates in normal operating
conditions or not.

8. The electronic device of claim 7, wherein the activation
signal is provided as an output signal of the integrated
circuit.

9. The electronic device of claim 7, comprising a delay-
generating circuit network in a signal propagation path of
the activation signal, the delay-generating circuit network
being configured to delay propagation of the activation
signal.

10. The electronic device of claim 6, wherein the inte-
grated circuit comprises an integrated circuit chip and the
power limiting circuit is provided external to the integrated
circuit chip.

11. The electronic device of claim 10, comprising a
printed circuit board having the integrated circuit mounted
thereon and comprising the power limiting circuit external to
the integrated circuit, the power limiting circuit coupled
between the at least one output pin of the integrated circuit
and a reference pin of the printed circuit board.

12. The electronic device of claim 6, wherein the inte-
grated circuit is configured as an electronic control unit of a
battery management system for controlling a battery pack.

13. The integrated circuit of claim 1, wherein the plurality
of electrical connections coupling the input pins in the
plurality of input pins to the common node in the hot-plug
protection circuit comprise only a single respective diode
coupled between the respective pin in the plurality of input
pins and the common node.

14. A method of providing hot-plug protection in an
integrated circuit comprising a plurality of input pins and at
least one output pin, the integrated circuit including a
hot-plug protection circuit, wherein the method comprises:

providing a plurality of electrical connections, wherein

input pins in the plurality of input pins are electrically
coupled to a common node in the hot-plug protection
circuit via respective electrical connections in the plu-
rality of electrical connections;

arranging clamping circuitry coupled between the com-

mon node and the at least one output pin, the clamping
circuitry being activatable as a result of a voltage spike
applied across the clamping circuitry; and

coupling a power limiting circuit between the at least one

output pin of the integrated circuit and a reference pin
and comprising an electronic switch coupled between
the at least one output pin of the integrated circuit and
the reference pin, and wherein the electronic switch
comprises an MOS transistor, a capacitor coupled
between a gate and a source of the MOS transistor, a
first resistor coupled between the gate and a control
terminal of the electronic switch, and a second resistor
coupled between the source and the control terminal of
the electronic switch, wherein a drain of the MOS
transistor is directly coupled to the at least one output
pin of the integrated circuit, and wherein the source of
the MOS transistor is directly coupled to the reference
pin,

wherein the plurality of electrical connections and the

clamping circuitry provide respective current discharge
paths between the input pins in the plurality of input
pins and the at least one output pin, the respective
current discharge paths configured to become conduc-
tive as a result of a voltage spike applied to any of the
input pins in the plurality of input pins being trans-
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ferred to the common node via the respective electrical
connection in the plurality of electrical connections
electrically coupling any of the input pins to the com-
mon node.

15. The method of claim 14, comprising coupling the
power limiting circuit between the at least one output pin of
the integrated circuit and the reference pin, the power
limiting circuit comprising a high-impedance current path
between the at least one output pin of the integrated circuit
and the reference pin.

16. An integrated circuit comprising a plurality of input
pins and at least one output pin, the integrated circuit
including a hot-plug protection circuit, wherein the hot-plug
protection circuit comprises:

a plurality of electrical connections, wherein input pins in
the plurality of input pins are electrically coupled to a
common node in the hot-plug protection circuit via
respective electrical connections in the plurality of
electrical connections; and

clamping circuitry coupled between the common node
and the at least one output pin, the clamping circuitry
being activatable as a result of a voltage spike applied
across the clamping circuitry,

wherein the plurality of electrical connections and the
clamping circuitry provide respective current discharge
paths between the input pins in the plurality of input
pins and the at least one output pin, the respective
current discharge paths configured to become conduc-
tive as a result of a voltage spike applied to any of the
input pins in the plurality of input pins being trans-
ferred to the common node via the respective electrical
connection in the plurality of electrical connections
electrically coupling any of the input pins to the com-
mon node, and

a power limiting circuit coupled between the at least one
output pin of the integrated circuit and a reference pin
and comprising a high-impedance current path and an
electronic switch coupled between the at least one
output pin of the integrated circuit and the reference
pin, wherein the power limiting circuit is configured to
keep inrush power below a break-point of the clamping
circuitry, and wherein the electronic switch comprises
an MOS transistor, a capacitor coupled between a gate
and a source of the MOS transistor, a first resistor
coupled between the gate and a control terminal of the
electronic switch, and a second resistor coupled
between the source and the control terminal of the
electronic switch, wherein a drain of the MOS transis-
tor is directly coupled to the at least one output pin of
the integrated circuit, and wherein the source of the
MOS transistor is directly coupled to the reference pin,
wherein the plurality of electrical connections coupling
the input pins in the plurality of input pins to the
common node in the hot-plug protection circuit com-
prise only a single respective diode coupled between
the respective pin in the plurality of input pins and the
common node.

17. The integrated circuit of claim 16, wherein the plu-
rality of electrical connections coupling the input pins in the
plurality of input pins to the common node in the hot-plug
protection circuit comprise respective diodes coupled
between the respective pins in the plurality of input pins and
the common node.
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18. The integrated circuit of claim 16, wherein the clamp-

ing circuitry comprises:

a MOS transistor having a current path between the
common node and the at least one output pin of the
integrated circuit; and 5

a Zener diode having an anode coupled to a source
terminal of the MOS transistor and a cathode coupled
to a gate terminal of the MOS transistor, the Zener
diode being configured to clamp a gate-source voltage
of the MOS transistor. 10

19. The integrated circuit of claim 18, comprising a

capacitance coupled between the common node and the gate
terminal of the MOS transistor.

20. The integrated circuit of claim 16, configured as an

electronic control unit of a battery management system for 15
controlling a battery pack.
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