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Description

[0001] The present invention relates to a protection circuit for protecting an integrated circuit having a first supply rail
and a second supply rail from exposure to an excessive voltage, comprising a sensor for sensing a voltage increase on
the first supply rail, the sensor having an output coupled to a signal path for providing a detection signal on said path;
a clamping circuit for clamping the first supply rail to the second supply rail in response to the detection signal and a
pre-amplifying stage having a control input coupled to the signal path and an output coupled to the clamping circuit.
[0002] The present invention further relates to an integrated circuit (IC) having such a circuit and to an electronic
device having such an IC.
[0003] It is important to protect the components of an IC from exposure to excessive voltages, such as an electrostatic
discharge (ESD) event, because exposure of the components to this excessive voltage may damage these components,
for instance when the voltage exceeds the breakdown voltage of the component. To this end, many modern ICs comprise
protection circuits that clamp a first supply rail of the IC, e.g. a supply voltage (VDD) rail, to a second supply rail of the
IC, e.g. ground, upon sensing a spike in the supply voltage. Such protection circuits may be located in the pad ring of
the IC. It is important that such protection circuits are rapidly activated upon detection of such a spike to reduce the risk
that the components of the IC are exposed to an excessive voltage.
[0004] An example of such a protection circuit is disclosed in US patent US 5,528,188. The protection circuit has a
resistance capacitance (RC) circuit that senses an ESD transient on a pad of the IC. The RC circuit is coupled to a gate
a FET for activating the FET in case of a detected ESD transient. A FET is used because of its relatively low threshold
voltage (Vth), which means that the FET is switched on quickly upon the detection of the ESD transient. The FET acts
as a trigger circuit for a rectifier implemented by means of bipolar NPN transistors. The rectifier absorbs the ESD energy
on the pad, thus protecting the components of the IC from exposure to the ESD transient.
[0005] However, a drawback of such a protection circuit is that the RC time of the RC circuit may not be sufficient to
effectively protect the IC components from exposure to a voltage increase. This problem is expected to become more
prominent in future semiconductor technologies in which the component size is scaled down at a larger rate than the
supply voltage of the predecessor technology.
[0006] US patent application No. US 2004/109270 discloses a transient detection circuit which may be used in an
electrostatic discharge clamp circuit. The transient detection circuit includes a filter circuit and an inverter circuit. The
voltage switch point of the inverter circuit has a constant voltage offset from one of the nodes. When a filtered voltage
level from the filter circuit crosses the voltage switch point of the inverter circuit (indicative of an ESD event), the inverter
circuit provides a signal indicating an ESD event.
[0007] The present invention seeks to provide a protection circuit that offers improved protection against excessive
voltages on the pads of an IC.
[0008] The present invention further seeks to provide an IC comprising such a protection circuit and an electronic
circuit comprising such an IC.
[0009] According to an aspect of the present invention, there is provided a protection circuit for protecting an integrated
circuit having a first supply rail and a second supply rail from exposure to an excessive voltage, comprising a sensor for
sensing a voltage increase on the first supply rail, the sensor having an output coupled to a signal path for providing a
detection signal on said path; a clamping circuit for clamping the first supply rail to the second supply rail in response
to the detection signal; a pre-amplifying stage having a control input coupled to the signal path and an output coupled
to the clamping circuit; and a hold circuit for holding the control input of the pre-amplifying stage in an enabled state
upon termination of the detection signal, characterized in that the hold circuit comprises a switch coupled to the signal
path for coupling the signal path to the second supply rail of the integrated circuit, the switch having a control terminal
coupled to the output of the pre-amplifying stage via a capacitor.
[0010] The hold circuit is arranged to keep sinking current through the sensor beyond the termination of an ESD event,
thus ensuring that the clamping circuit is activated long enough for the protection circuit to be efficient, especially in
situations where the excessive voltage slowly decreases to its nominal value, which could cause the prior art protection
circuit to release the power supply too soon.
[0011] This means that the pre-amplifying stage will be switched on more quickly, thus causing the clamping circuit
to clamp the first supply rail to a lower voltage than without the hold circuit.
[0012] Advantageously, the sensor comprises a capacitor for storing a voltage value of the first supply rail and an
amplifier for amplifying the charge stored in the capacitor. Such a capacitance multiplier arrangement facilitates the use
of a capacitor that requires a smaller area than the capacitor in the RC circuit of US 5,528,188, which is an important
advantage in technologies such as submicron technologies, where area reduction can significantly contribute to the cost
reduction of the IC.
[0013] The pre-amplifier stage may be realized using stacked transistors, i.e. a first transistor and a second transistor
arranged to be coupled in series between the first supply rail and the second supply rail to protect the transistors from
breakdown when exposed to the excessive voltage. A voltage divider for dividing the voltage across the first supply rail
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and the second supply rail may be provided to bias the node between the stacked transistors. This further protects these
transistors from exposure to an excessive voltage. The voltage divider may be implemented as a diode chain. This has
the advantage of the protection circuit drawing a small static current. The static current may be further reduced by
including a resistor between the second transistor of the transistor pair of the pre-amplifying stage and the second supply
rail.
[0014] Preferably, the clamping circuit also comprises stacked transistors to give the clamping circuit improved ro-
bustness against an excessive voltage. For instance, the clamping circuit may comprise a first bipolar transistor having
its collector arranged to be coupled to the first supply rail and its base coupled to the output of the voltage divider, and
a second bipolar transistor being the second transistor of a Darlington stage, the first transistor of the Darlington stage
being responsive to the output of the pre-amplifying stage, and wherein the clamping circuit further comprises a further
transistor arranged to be coupled between the first supply rail and the base of the first bipolar transistor, said further
transistor being responsive to the detection signal.
[0015] Alternatively, the clamping circuit may comprise a first MOS transistor having its gate coupled to the output of
the voltage divider and a second MOS transistor being responsive to the output of the pre-amplifying stage, and wherein
the clamping circuit further comprises a further transistor arranged to be coupled between the first supply rail and the
gate of the first MOS transistor, the further transistor being responsive to the detection signal.
[0016] According to another aspect of the present invention there is provided an IC having a first supply rail, a second
supply rail and a protection circuit of the present invention coupled between the first supply rail and the second supply rail.
[0017] According to yet another aspect of the present invention there is provided an electronic device comprising an
IC of the present invention, in which the electronic device comprises a power supply coupled to the first supply rail and
the second supply rail of the IC. Such an IC and electronic device benefit from improved robustness against voltage
surges from ESD events due to the inclusion of a protection circuit of the present invention.
[0018] The invention is described in more detail and by way of non-limiting examples with reference to the accompanying
drawings, wherein:

Fig. 1 shows a first embodiment of a protection circuit of the present invention;
Fig. 2 shows an aspect of a second embodiment of a protection circuit of the present invention;
Fig. 3 shows the results of a transmission line pulse simulation applied to the protection circuit of Fig. 1;
Fig. 4 shows the results of a human body model simulation applied to the protection circuit of Fig. 1;
Fig. 5 shows the results of a power supply ramp up simulation applied to the protection circuit of Fig. 1;
Fig. 6 shows a comparison between the behavior of the protection circuit of Fig. 1 and a prior art protection circuit;
Fig. 7 shows a third embodiment of a protection circuit of the present invention;
Fig. 8 shows an aspect of the third embodiment of a protection circuit of the present invention in more detail;
Fig. 9 shows an aspect of a fourth embodiment of a protection circuit of the present invention;
Fig. 10 shows the results of a transmission line pulse simulation applied to the protection circuit of Fig. 7;
Fig. 11 shows the results of a human body model simulation applied to the protection circuit of Fig. 7; and
Fig. 12 shows the results of a power supply ramp up simulation applied to the protection circuit of Fig. 7.

[0019] It should be understood that the Figures are merely schematic and are not drawn to scale. It should also be
understood that the same reference numerals are used throughout the Figures to indicate the same or similar parts.
[0020] Fig. 1 shows a part of an IC of the present invention, and in particular a first example of a protection circuit 100
of the present invention. The protection circuit 100 is coupled between a first supply rail Vcc and a second supply rail
Vss to absorb any supply surges on these supply rails, such as surges caused by the occurrence of an ESD event.
Consequently, other parts of the IC that are coupled between these supply rails are protected from exposure to these
surges.
[0021] To this end, the protection circuit 100 comprises a sensor 120 arranged to detect a voltage increase on the
first supply rail Vcc. The sensor 120 may be implemented in any known way, however, a preferred embodiment is shown
in Fig. 1, in which the sensor 120 comprises a resistor Rs coupled in series with a capacitor C1. The current generated
by the capacitor C1 as a result of a change in voltage on the first supply rail Vss is used as a detection signal of the
voltage change. The RC stage formed by the resistor Rs and capacitor C1 may be coupled to the second supply rail
Vss via a diode element, such as a diode coupled transistor M8. This facilitates the implementation of the capacitor C1
as a capacitance multiplier using an amplifier M6, which may be implemented as a switch such as a MOS transistor.
[0022] In this arrangement, the amplifier M6 forms a current mirror with the diode M8. This has the advantage that the
storage capacity of the capacitor may be reduced, because the current generated by the capacitor C1 is amplified by
the amplifier M6. Consequently, a less dense capacitor such as a poly capacitor may be used, thus obviating the need
for a high density capacitor, which may not be available in every technology, and may not be suitable for high voltage
applications. For instance, a high density metal-insulator-metal (MIM) capacitor is not suitable for use in applications
exposed to voltage surges up to 7V, whereas a poly-Si capacitor may be used in such applications. The use of a poly
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capacitor C1 in combination with an amplifier M6 realizes a significant area reduction compared to a MIM capacitor in
isolation. For instance, in present semiconductor technologies, the amplifier M6 may be realized in an area of around
100 mm2, and a poly-Si based capacitor may be realized in an area of around 250 mm2, compared to the required area
for a MIM capacitor of around 2*103 mm2.
[0023] The protection circuit 100 further comprises a pre-amplifying stage 160 for amplifying this detection signal. The
pre-amplifying stage 160 comprises an amplifier M1 for this purpose. The amplifier M1 may be implemented as a switch
such as a MOS transistor, which can switch on quickly due to its relatively low Vth. The output of the pre-amplifying stage
160 is coupled to a clamping circuit 180 arranged to clamp the first supply rail Vcc to the second supply rail Vss in case
of an ESD event signaled by the detection signal from the sensor 120. Such a clamping circuit 180 is typically designed
to short the first and second supply rails with a low impedance; a typical on-resistance of the clamping circuit 180 is 1Ω.
[0024] In Fig. 1, the clamping circuit 180 is implemented as a Darlington stage comprising a pair of NPN transistors
T2 and T3. In order to improve the breakdown voltage of these transistors, a resistance between the base and emitter
may be included in their design. An alternative embodiment of the clamping circuit 180 is shown in Fig. 2, in which the
bipolar Darlington stage is replaced by a large FET MBF. Such a field effect transistor must be dimensioned appropriately
to ensure that its breakdown voltage is high enough to withstand the voltage surges of potential ESD events.
[0025] Now, returning to Fig. 1, the protection circuit 100 further comprises a hold circuit 140 arranged between the
sensor 120 and the pre-amplifying stage 160. The purpose of the hold circuit 140 is two-fold; it should accelerate the
activation of the clamping circuit 180 as well as extend the activation period of the clamping circuit 180 beyond the
termination of the detection signal. A possible implementation is shown in Fig. 1, in which the hold circuit 140 comprises
an RC element implemented by capacitor C2 and resistor R4 coupled to the control terminal of a switch T4 that is coupled
between the conductive path from the sensor 120 to the pre-amplifying stage 140 and the second supply rail Vss.
[0026] Preferably, the switch T4 should have a higher Vth than amplifying switch M1 to ensure that the switch M1
remains switched on when switch T4 is switched on. This may be realized by implementing M1 as a MOS transistor and
T4 as a bipolar transistor. However, it should be appreciated that it will be obvious to the skilled person that alternative
implementations of the hold circuit 140 are also feasible. Resistors R1-R3 have been added to reduce the static current
consumed by the protection circuit 100. It will be appreciated that the inclusion of these resistors is optional, and not
required for the correct operation of the protection circuit 100.
[0027] Figs 3-5 show simulation results of the behavior of protection circuit 100 comprising a Darlington stage based
clamping circuit 180. The upper curve in Fig. 3 shows the result of a transition line pulse test simulation at 1.5 A. As can
be seen, the protection circuit 100 (transient Vcc clamp) is activated upon the detection of the rising edge of the transition
pulse (transient TLP@1.5A). The protection 100 effectively sinks the current through the clamping circuit 180 during the
steady phase of the transition pulse, i.e. when the pulse is at its maximum value, and the protection circuit 100 switches
off again around t= 120 ns in response to the disappearance of the pulse on Vcc.
[0028] Fig. 4 shows the result of a human body model test simulation at 2 kV. It is again demonstrated that the protection
circuit 100 is activated (Vcc clamp) during the human body model event (transients HBM@2kV and HBM@1.3A). Im-
portantly, it is demonstrated that upon detection of the human body model event, the protection circuit 100 clamps the
power supply rails to a value below the full power supply, i.e. below 5.5V in this example.
[0029] Fig. 5 shows the power consumption of the protection circuit 100 during a ramp-up of the supply voltage to 5.5
V at 300 K. From Fig. 5, it is clear that the power consumption of the protection circuit 100 does not significantly increase
during supply ramp-up, thus providing evidence of the fact that the protection circuit 100 of the present invention is
capable of distinguishing between a normal power-supply ramp-up and a hazardous voltage surge on the supply rail
Vcc. Table I shows the leakage currents of the protection circuit 100 at various temperatures compared against a
specification requirement for such a circuit.

It is clear from Table I that the protection circuit 100 performs well within the requirements for such a circuit; the actual
leakage current is several orders of magnitude smaller than required.
[0030] Fig. 6 shows a comparison between the protection circuit 100 and a protection circuit without a hold circuit.
The configuration of the protection circuits corresponding to the various transients 1-5 is summarized in Table II.

Table I

ESD power supply clamp Specification

Max Voltage 5.5V

I leak1 @ 25°C 264pA 10nA

I leak2 @ 100°C 6.6nA 1uA

I leak3 @ 140°C 22nA 10uA
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[0031] It can be seen from Fig. 6 that immediately after t = 0 ms, the transients of the various configurations of the
protection circuit 100, i.e. the circuits including a hold circuit 140 (transients 2, 4 and 5) show a voltage increase from
0V to around 4V. This increase is caused by the response time of the clamping circuit 180 to the detection signal. The
effect of the presence of a hold circuit 140 becomes apparent immediately after this voltage increase; up to about 0.4ms,
the voltage of transients 2, 4 and 5 decreases; an effect that cannot be observed for transients 1 and 3, i.e. in protection
circuits lacking such a hold circuit 140. The hold circuit 140 causes the clamping circuit 180 to drive more current than
is provided by the ESD event, thus resulting in a quicker activation of the protection circuit 100, and hence a more
effective protection against ESD. The transients 1-5 from t = 0.4ms onwards show an increase in all voltages increased
until the power supply clamping value of the clamping circuit 180 is reached.
[0032] A particular advantageous effect of the inclusion of the hold circuit 140 can be observed in transients 4 and 5;
because the RC constants of the sensor 120 and the hold circuit 140 can be chosen independently, the protection circuit
can be more effectively tuned to clamp the power supply to a particular value. For instance, in the example embodiment
of the protection circuit 100 used in the above simulations, the maximum allowable clamping voltage was set to 5.5 V.
Transients 4 and 5 achieve a clamping voltage well below this value. It will be appreciated that it is not trivial to tune an
RC element to such a value because the chosen RC value must ensure that a protection circuit does not activate itself
upon normal power-up of the IC, whereas it should respond quickly enough to voltage spikes to prevent the IC from
becoming exposed to such spikes. It has been found that the presence of the RC element in the hold circuit 140 improves
the design flexibility of the protection circuit 100 to clamp the power supply to a predefined value compared to protection
circuits that have a single RC element in the sensor 120.
[0033] It may also be necessary to protect the components of the protection circuit 100 from becoming exposed to
the spikes in the power supply. This particularly holds for those components that have a breakdown voltage that is lower
than the potential maximum value of such a voltage surge. An embodiment of a protection circuit 700 that is more robust
against exposure to such surges is shown in Fig. 7. In addition to the circuit portions already discussed for protection
circuit 100, the circuit protection circuit 700 further comprises a voltage follower 710 and a voltage divider 720 for dividing
the voltage on the first supply rail Vcc to e.g. Vcc/2. The voltage follower 710 protects the switch M6 from exposure to
an excessive voltage by providing the node Trig with reduced voltage. In the example given in Fig. 7, the three diodes
between supply rail Vss and the node Trig may be implemented as three series connected bipolar transistors, such that
the voltage on the node Trig becomes Vss - 3Vbe. Obviously, other implementations using different numbers of diodes
and different diode implementations are also feasible. The voltage divider 720 provides a bias voltage for a power stage
730 including embodiments of the pre-amplifying stage 160 and the clamping circuit 180. The voltage follower 710 and
the voltage divider 720 have been implemented as diode chains because of the limited size of such a chain; however,
other known implementations of such voltage reducing elements may also be used. In general, the use of the voltage
divider 720 obviates the need for using more complex biasing circuitry, thus reducing the area of the protection circuit 700.
[0034] Fig. 8 shows the power stage 730 in more detail. The pre-amplifying stage 140 is implemented by means of
two amplifiers M1 and M2 coupled in series between the first power supply rail Vcc and the second supply rail GND. In
the present application, the labels Vss and GND have been merely used as interchangeable alternatives; these labels
do not imply a reference to different supply rails. The amplifiers M1 and M2 may be implemented as transistors such as
MOS transistors. The node between the two amplifiers M1 and M2 is biased by the output Middle of the voltage divider
720 such that each individual amplifier is subjected to a voltage of Vcc/2 rather than Vcc. Consequently, by implementing
the pre-amplifying stage 140 using multiple series connected devices and provided a bias voltage at its intermediate
nodes, devices can be used that have a lower breakdown voltage than the potential maximum voltage of a voltage spike.
For instance, in case of M1 and M2 being MOS transistors having a breakdown voltage of 2.5 V, the protection circuit
700 can handle voltage spikes up to 5 V. This obviates the need to increase the size of the devise M1 and M2 to increase
their breakdown voltage.

Table II

Transient RC constants sensor 120 RC constants hold circuit 140 Vcc clamping circuit 180 (V)

Rs (KΩ) C1 (pF) R4 (KΩ) C2 (pF)

1 150 2 Without Without 8.2

2 150 2 150 2 8.2

3 300 2 Without Without 6

4 300 2 150 2 5

5 300 2 150 4 4.5
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[0035] The pre-amplifying stage of Fig. 8 may be susceptible to non-negligible static leakage currents through one of
its devices M1, M2 in case a residual current runs through the voltage divider 720. This may be avoided by the introduction
of resistor R5, which causes the grid of the devices M1 and M2 to be shorted with the output Middle of the voltage divider
720, thus effectively switching off the pre-amplifying stage in such a static mode.
[0036] In order to ensure that the pre-amplifying stage is appropriately switched on during an ESD event, the control
terminal of amplifier M1 is responsive to the detection signal generated by the sensor 120, and the control terminal of
amplifier M1 is coupled to the second supply rail GND via a switch M7. The switch M7, which may be implemented as
a transistor such as a MOS transistor, has its control terminal coupled to a node between capacitor C1 and the second
supply rail Vss. The switch M7 pulls down the grid of the of the protection circuit 100 together with the capacitor C1 of
the sensor 120, thus effectively turning on the amplifier M2.
[0037] Similarly, the clamping circuit 180 may be implemented using series connected devices to protect these devices
from exposure to a voltage in excess of their breakdown voltage. In Fig. 8, the clamping circuit 180 comprises the
Darlington stage implemented by bipolar transistors T2 and T3. Transistor T3 is coupled in series with a cascaded bipolar
transistor T1, which has its base connected to the output Middle of the voltage divider 720. Due to its cascaded structure,
bipolar transistor T1 is capable of withstanding high voltages, i.e. voltages in excess of the breakdown voltage of transistor
T3.
[0038] However, a potential drawback of such a cascaded device is that it may have a relatively high resistance, which
would cause the device to drop down when the common emitter transistor T3 of the Darlington stage is switched on.
This could reduce the clamping efficiency of the clamping circuit. To this end, a switch M3, which may be a MOS transistor,
may be coupled between the first supply rail Vcc and the base of the cascaded bipolar transistor T1, with the switch M3
being responsive to the detection signal. The switch M3 thus pulls up the cascaded bipolar transistor T1 during an ESD
event such that the current consumption characteristics of the clamping circuit are not adversely affected. Alternatively,
switch M3 may be omitted and the node between the pre-amplifier devices M1 and M2 may be shorted with the base
of the cascaded bipolar transistor T1. In this case, the size of the amplifier devices M1 and M2 must be adjusted to
obtain a higher current drive for the cascaded bipolar transistor T1.
[0039] In case the Darlington stage formed by bipolar transistors T2 and T3 has a breakdown voltage that is insufficient
to withstand the voltage spikes on the first supply rail Vcc, the transistors T2 and/or T3 may include a resistance between
base and emitter to increase the breakdown voltage of the bipolar transistors from BVCEO (the breakdown voltage
between collector and emitter with an open source base) to BVCER (the breakdown voltage between collector and emitter
with a resistive open source base).
[0040] The clamping circuit 180 may also be implemented using cascaded MOS transistors, as shown in Fig. 9. Here,
MOS transistors M4 and M5 are connected in series between the first supply rail Vcc and the second supply rail GND.
The gate of MOS transistor M4 is coupled to the output of the voltage divider 720, and the gate of MOS transistor M5
is coupled to the output of the pre-amplifying stage implemented by series connected MOS transistors M1 and M2. The
switch M3 may be included to pull up the MOS transistor M4 during an ESD event in case this transistor has a relatively
high resistance, as already discussed for the bipolar transistor T1 of Fig. 8. The MOS transistors M3 and M4 should be
dimensioned appropriately such that these transistors can withstand the voltage spikes on the first supply rail Vcc.
[0041] Figs 10-12 show simulation results of the behavior of the protection circuit 700 having a Darlington stage based
clamping circuit. The upper curve in Fig. 10 shows the result of a transition line pulse test simulation at 1.5 A. As can
be seen, the protection circuit 700 (transient Vcc clamp) is activated upon the detection of the rising edge of the transition
pulse (transient TLP@1.5A). The protection circuit 700 effectively sinks the current through the clamping circuit 180
during the steady phase of the transition pulse, i.e. when the pulse is at its maximum value, and the protection circuit
700 switches off again around t= 120 ns in response to the disappearance of the pulse on the supply rail Vcc, again
demonstrating that the protection circuit of the present invention exhibits the desired behavior upon occurrence of a
voltage spike of the supply rail Vcc.
[0042] Fig. 11 shows the result of a human body model test simulation at 2 kV. It is again demonstrated that the
protection circuit 700 is activated (transient Vcc clamp) during the human body model event (transients HBM@2kV and
HBM@1.3A). Importantly, it is demonstrated that upon detection of the human body model event, the protection circuit
700 clamps the power supply rails to a value below the full power supply, i.e. below 5.5V in this example.
[0043] Fig. 12 shows the power consumption of the protection circuit 700 during a ramp-up of the supply voltage to
5.5 V at 300 K. From Fig. 12, it is clear that the power consumption of the protection circuit 700 does not significantly
increase during supply ramp-up, thus providing evidence of the fact that the protection circuit 700 of the present invention
is capable of distinguishing between a normal power-supply ramp-up and a hazardous voltage surge on the supply rail
Vcc. Table III shows the leakage currents of the protection circuit 700 at various temperatures and for various process
corners (i.e. low, nominal and high corner) compared against a specification requirement for such a circuit.
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[0044] It is clear from Table I that the protection circuit 700 performs well within the requirements for such a circuit;
the actual leakage current is several orders of magnitude smaller than required.
[0045] The protection circuits of the present invention may be incorporated in ICs by placing the protection circuits
between the first supply rail Vcc and the second supply rail Vss of such an IC. This protects other IC components that
are coupled between the first supply rail Vcc and the second supply rail Vss from damage caused by exposure to
excessive voltages. Such an IC may be advantageously incorporated in an electronic device with a power supply coupled
to the first supply rail Vcc and the second supply rail Vss of the IC, because it relaxes the design requirements for such
a power supply. The power supply may be a rechargeable power supply, e.g. a battery pack.
[0046] It should be noted that the above-mentioned embodiments illustrate rather than limit the invention. In the claims,
any reference signs placed between parentheses shall not be construed as limiting the claim. The word "comprising"
does not exclude the presence of elements or steps other than those listed in a claim. The word "a" or "an" preceding
an element does not exclude the presence of a plurality of such elements. The invention can be implemented by means
of hardware comprising several distinct elements. In the device claim enumerating several means, several of these
means can be embodied by one and the same item of hardware. The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a combination of these measures cannot be used to advantage.

Claims

1. A protection circuit (100, 700) for protecting an integrated circuit having a first supply rail (Vcc) and a second supply
rail (Vss, GND) from exposure to an excessive voltage, comprising:

a sensor (120) for sensing a voltage increase on the first supply rail (Vcc), the sensor having an output coupled
to a signal path for providing a detection signal on said path;
a clamping circuit (180) for clamping the first supply rail (Vcc) to the second supply rail (Vss, GND) in response
to the detection signal;
a pre-amplifying stage (160) having a control input coupled to the signal path and an output coupled to the
clamping circuit (180); and
a hold circuit (140) for holding the control input of the pre-amplifying stage (160) in an enabled state upon
termination of the detection signal, the hold circuit comprising a switch (T4) coupled to the signal path for coupling
the signal path to the second supply rail (Vss, GND) of the integrated circuit, characterized in that the switch
(T4) has a control terminal coupled to the output of the pre-amplifying stage (160) via a capacitor (C2).

2. A protection circuit (100, 700) as claimed in Claim 1, wherein the sensor (120) comprises a capacitor (C1) for storing
a voltage value of the first supply rail (Vcc).

3. A protection circuit (100, 700) as claimed in Claim 2, wherein the sensor (120) further comprises an amplifier (M6)
for amplifying the charge stored in the capacitor (C1).

Table III

T (K) 300

Process Low Nominal High

I leak 282 pA 360pA 468 pA

Specification 10 nA

T (K) 373

Process Low Nominal High

I leak 9 nA 12 nA 16nA

Specification 1 mA

T (K) 413

Process Low Nominal High

I leak 28 nA 37 nA 49 nA

Specification 1.5 mA
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4. A protection circuit (700) as claimed in Claim 3, further comprising a voltage follower (710), and wherein the amplifier
(M6) comprises a pair of transistors arranged to be coupled in series between the first supply rail (Vcc) via the
voltage follower (710) and the second supply rail (Vss, GND) respectively.

5. A protection circuit (700) as claimed in Claim 1 or claim 2, further comprising a voltage divider (720) for dividing the
voltage across the first supply rail (Vcc) and the second supply rail (Vss, GND), and wherein the pre-amplifying
stage (160) comprises a first transistor (M1) and a second transistor (M2) arranged to be coupled in series between
the first supply rail (Vcc) and the second supply rail (Vss, GND), a node in between the transistors (M1; M2) being
coupled to an output of the voltage divider (720).

6. A protection circuit (700) as claimed in Claim 5, wherein the voltage divider (720) comprises a diode chain.

7. A protection circuit (700) as claimed in Claim 5 or 6, wherein the first and second transistors (M1; M2) are pMOS
transistors.

8. A protection circuit (700) as claimed in Claim 5, 6 or 7, wherein the control terminal of the second transistor (M2) is
further coupled to the output of the voltage divider (720) via a resistor (R5).

9. A protection circuit (700) as claimed in claim 8, wherein the control terminal of the second transistor (M2) is arranged
to be coupled to the second supply rail (Vss, GND) via a further transistor (M7), the further transistor (M7) being
responsive to the sensor (120).

10. A protection circuit (700) as claimed in Claim 5, wherein the clamping circuit (180) comprises a pair of transistors
(M4; M5, T1; T3) arranged to be connected in series between the first supply rail (Vcc) and the second supply rail
(Vss, GND).

11. A protection circuit (700) as claimed in Claim 10, wherein the pair of transistors of the clamping circuit (180) includes:

a first bipolar transistor (T1) having its collector arranged to be coupled to the first supply rail (Vcc) and its base
coupled to the output of the voltage divider (720), and
a second bipolar transistor (T3) being the second transistor of a Darlington stage, the first bipolar transistor (T2)
of the Darlington stage being responsive to the output of the pre-amplifying stage (160);
and wherein the clamping circuit (180) further comprises a further transistor (M3) arranged to be coupled between
the first supply rail (Vcc) and the base of the first bipolar transistor (T1), said further transistor (M3) being
responsive to the detection signal.

12. A protection circuit (700) as claimed in Claim 10, wherein the pair of transistors of the clamping circuit (180) includes:

a first MOS transistor (M4) having its gate coupled to the output of the voltage divider(720); and
a second MOS transistor (M5) being responsive to the output of the pre-amplifying stage (160);
and wherein the clamping circuit (180) further comprises a further transistor (M3) arranged to be coupled between
the first supply rail (Vcc) and the gate of the first MOS transistor (M4), the further transistor (M3) being responsive
to the detection signal.

13. An integrated circuit comprising a first and second supply rails (Vcc; Vss, GND), and a protection circuit (100, 700)
according to any of Claims 1-12 coupled between the supply rails.

14. An electronic device comprising an integrated circuit as claimed in Claim 13 and a power supply coupled to the first
and second supply rails (Vcc; Vss, GND) of the integrated circuit.

Patentansprüche

1. Eine Schutzschaltung (100, 700) zum Schützen einer integrierten Schaltung, welche eine erste Versorgungsschiene
(Vcc) hat und eine zweite Versorgungsschiene (Vss, GND) hat, vor einem Ausgesetzt sein einer Überspannung,
welche Schutzschaltung aufweist:

einen Sensor (120) zum Abtasten eines Spannungsanstiegs auf der ersten Versorgungsschiene (Vcc), wobei
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der Sensor einen Ausgang hat, welcher mit einem Signalpfad zum Bereitstellen eines Detektionssignals auf
dem Pfad gekoppelt ist;
einen Klemmkreis (180) zum Klemmen der ersten Versorgungsschiene (Vcc) an die zweite Versorgungsschiene
(Vss, GND) als Antwort auf das Detektionssignal;
eine vorverstärkende Stufe (160), welche einen Steuerungseingang hat, welcher an den Signalpfad gekoppelt
ist, und einen Ausgang, welcher an den Klemmkreis (180) gekoppelt ist; und
eine Halteschaltung (140) zum Halten des Steuerungseingangs der vorverstärkenden Stufe (160) in einem
aktivierten Zustand auf eine Beendigung des Detektionssignals hin, wobei die Halteschaltung einen Schalter
(T4) aufweist, der mit dem Signalpfad zum Koppeln des Signalpfads an die zweite Versorgungsschiene (Vss,
GND) der integrierten Schaltung gekoppelt ist,

dadurch gekennzeichnet, dass

der Schalter (T4) einen Steuerungsanschluss hat, welcher über einen Kondensator (C2) mit dem Ausgang der
vorverstärkenden Stufe (160) gekoppelt ist.

2. Die Schutzschaltung (100, 700) gemäß Anspruch 1, wobei der Sensor (120) einen Kondensator (C1) aufweist zum
Speichern eines Spannungswerts der ersten Versorgungsschiene (Vcc).

3. Die Schutzschaltung (100, 700) gemäß Anspruch 2, wobei der Sensor (120) fernen einen Verstärker (M6) aufweist,
zum Verstärken der in dem Kondensator (C1) gespeicherten Ladung.

4. Die Schutzschaltung (700) gemäß Anspruch 3, welche ferner einen Spannungsfolger (710) aufweist und wobei der
Verstärker (M6) ein Paar von Transistoren aufweist, welche angeordnet sind, um in Serie über den Spannungsfolger
(710) jeweils zwischen die erste Versorgungsschiene (Vcc) und die zweite Versorgungsschiene (Vss, GND) gekop-
pelt zu sein.

5. Die Schutzschaltung (700) gemäß Anspruch 1 oder 2, ferner aufweisend
einen Spannungsteiler (720) zum Teilen der Spannung über der ersten Versorgungsschiene (Vcc) und der zweiten
Versorgungsschiene (Vss, GND), und wobei die vorverstärkende Stufe (160) einen ersten Transistor (M1) und einen
zweiten Transistor (M2) aufweist, welche angeordnet sind, um in Serie zwischen die erste Versorgungsschiene
(Vcc) und die zweite Versorgungsschiene (Vss, GND) gekoppelt zu werden, wobei ein Knoten zwischen den Tran-
sistoren (M1; M2) an einen Ausgang des Spannungsteilers (720) gekoppelt ist.

6. Die Schutzschaltung (700) gemäß Anspruch 5, wobei der Spannungsteiler (720) eine Diodenkette aufweist.

7. Die Schutzschaltung (700) gemäß Anspruch 5 oder 6, wobei der erste und der zweite Transistor (M1, M2) pMOS
Transistoren sind.

8. Die Schutzschaltung (700) gemäß Anspruch 5, 6 oder 7, wobei der Steuerungsanschluss des zweiten Transistors
(M2) ferner über einen Widerstand (R5) an den Ausgang des Spannungsteilers (720) gekoppelt ist.

9. Die Schutzschaltung (700) gemäß Anspruch 8, wobei der Steuerungsschluss des zweiten Transistors (M2) ange-
ordnet ist, um über einen weiteren Transistor (M7) an die zweite Versorgungsschiene (Vss, GND) gekoppelt zu
sein, wobei der weitere Transistor (M7) auf den Sensor (120) reaktionsfähig ist.

10. Die Schutzschaltung (700) gemäß Anspruch 5, wobei der Klemmkreis (180) ein Paar von Transistoren (M4; M5,
T1; T3) aufweist, welche angeordnet sind, um in Serie zwischen der ersten Versorgungsschiene und der zweiten
Versorgungsschiene (Vss, GND) geschalten zu sein.

11. Die Schutzschaltung (700) gemäß Anspruch 10, wobei das Paar von Transistoren des Klemmkreises (180) enthält:

einen ersten bipolaren Transistor (T1), dessen Kollektor angeordnet ist, um mit der ersten Versorgungsschiene
(Vcc) gekoppelt zu sein und dessen Basis mit dem Ausgang des Spannungsteilers (720) gekoppelt ist, und
einen zweiten bipolaren Transistor (T3), welcher der zweite Transistor einer Darlington Stufe ist, wobei der
erste bipolare Transistor (T2) der Darlington Stufe auf die Ausgabe der vorverstärkenden Stufe (160) reakti-
onsfähig ist;
und wobei der Klemmkreis (180) ferner einen weiteren Transistor (M3) aufweist, welcher angeordnet ist, um
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zwischen die erste Versorgungsschiene (Vcc) und die Basis des ersten bipolaren Transistors (T1) gekoppelt
zu sein, wobei der weitere Transistor (M3) auf das Detektionssignal reaktionsfähig ist.

12. Die Schutzschaltung (700) gemäß Anspruch 10, wobei das Paar von Transistoren des Klemmkreises (180) enthält:

einen ersten MOS Transistor (M4), dessen Gate mit dem Ausgang des Spannungsteilers (720) gekoppelt ist; und
einen zweiten MOS Transistor (M5), welcher auf die Ausgabe der vorverstärkenden Stufe (160) reaktionsfähig
ist; und

wobei der Klemmkreis (180) ferner einen weiteren Transistor (M3) aufweist, welcher angeordnet ist, um zwischen
die erste Versorgungsschiene (Vcc) und das Gate des ersten MOS Transistors (M4) gekoppelt zu sein, wobei der
weitere Transistor (M3) auf das Detektionssignal reaktionsfähig ist.

13. Eine integrierte Schaltung, welche eine erste und eine zweite Versorgungsschiene (Vcc; Vss, GND) aufweist und
die Schutzschaltung (100, 700) gemäß irgendeinem der Ansprüche 1 bis 12 aufweist, welche zwischen die Versor-
gungsschienen gekoppelt ist.

14. Ein elektronisches Gerät, welches eine integrierte Schaltung gemäß Anspruch 13 und eine Energieversorgung
aufweist, welche mit der ersten und der zweiten Versorgungsschiene (Vcc; Vss, GND) der integrierten Schaltung
gekoppelt ist.

Revendications

1. Circuit de protection (100, 700) pour protéger de l’exposition à une tension excessive un circuit intégré ayant un
premier rail d’alimentation (Vcc) et un deuxième rail d’alimentation (Vss, GND), comprenant :

un capteur (120) pour détecter une augmentation de tension sur le premier rail d’alimentation (Vcc), le capteur
ayant une sortie raccordée à un circuit de signal pour fournir un signal de détection sur ledit circuit ;
un circuit de verrouillage de niveau (180) pour verrouiller le niveau du premier rail d’alimentation (Vcc) à celui
du deuxième rail d’alimentation (Vss, GND) en réponse au signal de détection ;
un étage préamplificateur (160) ayant une entrée de commande raccordée au circuit de signal et une sortie
raccordée au circuit de verrouillage de niveau (180) ; et un circuit de maintien (140) pour maintenir l’entrée de
commande du circuit préamplificateur (160) dans un état activé à la fin du signal de détection,
le circuit de maintien comportant un commutateur (T4) raccordé au circuit de signal pour raccorder le circuit de
signal au deuxième rail d’alimentation (Vss, GND) du circuit intégré, caractérisé par le fait que le commutateur
(T4) a une entrée de commande raccordée à la sortie de l’étage préamplificateur (160) par l’intermédiaire d’un
condensateur (C2).

2. Circuit de protection (100, 700) selon la revendication 1, dans lequel le capteur (120) comporte un condensateur
(C1) pour stocker une valeur de tension du premier rail d’alimentation (Vcc).

3. Circuit de protection (100, 700) selon la revendication 2, dans lequel le capteur (120) comporte en outre un ampli-
ficateur (M6) pour amplifier la charge stockée dans le condensateur (C1).

4. Circuit de protection (700) selon la revendication 3, comprenant en outre un suiveur de tension (710), et dans lequel
l’amplificateur (M6) comporte une paire de transistors disposés de manière à être raccordés en série entre le premier
rail d’alimentation (Vcc) par l’intermédiaire du suiveur de tension (710) et le deuxième d’alimentation (Vss, GND),
respectivement.

5. Circuit de protection (700) selon la revendication 1 ou la revendication 2, comportant en outre un diviseur de tension
(720) pour diviser la tension entre le premier rail d’alimentation (Vcc) et le deuxième rail d’alimentation (Vss, GND),
et dans lequel l’étage préamplificateur (160) comporte un premier transistor (M1) et un deuxième transistor (M2)
disposés de manière à être raccordés en série entre le premier rail d’alimentation (Vcc) et le deuxième rail d’ali-
mentation (Vs, GND), un noeud entre les transistors (M1 ; M2) étant raccordé à une sortie du diviseur de tension (720).

6. Circuit de protection (700) selon la revendication 5, dans lequel le diviseur de tension (720) comporte une chaîne
de diodes.
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7. Circuit de protection (700) selon les revendications 5 ou 6, dans lequel le premier et le deuxième transistor (M1 ;
M2) sont des transistors pMOS.

8. Circuit de protection (700) selon les revendications 5, 6 ou 7, dans lequel la borne de commande du deuxième
transistor (M2) est en outre raccordée à la sortie du diviseur de tension (720) par l’intermédiaire d’une résistance (R5).

9. Circuit de protection (700) selon la revendication 8, dans lequel la borne de commande du deuxième transistor (M2)
est agencée de manière à être raccordée au deuxième rail d’alimentation (Vss, GND) par l’intermédiaire d’un autre
transistor (M7), l’autre transistor (M7) réagissant au capteur (120).

10. Circuit de protection (700) selon la revendication 5, dans lequel le circuit de verrouillage de niveau (180) comporte
une paire de transistors (M4 ; M5, T1 ; T3) disposés de manière à être raccordés en série entre le premier rail
d’alimentation (Vcc) et le deuxième rail d’alimentation (Vss, GND).

11. Circuit de protection (700) selon la revendication 10, dans lequel la paire de transistors du circuit de verrouillage
de niveau (180) comporte :

un premier transistor bipolaire (T1) ayant son collecteur agencé de manière à être raccordé au premier rail
d’alimentation (Vcc) et sa base raccordée à la sortie du diviseur de tension (720), et
un deuxième transistor bipolaire (T3) étant le deuxième transistor d’un étage Darlington, le premier transistor
bipolaire (T2) de l’étage Darlington réagissant à la sortie de l’étage préamplificateur (160) ;
et dans lequel le circuit de verrouillage de niveau (180) comporte en outre un autre transistor (M3) agencé de
manière à être raccordé entre le premier rail d’alimentation (Vcc) et la base du premier transistor bipolaire (T1),
ledit autre transistor (M3) réagissant au signal de détection.

12. Circuit de protection (700) selon la revendication 10, dans lequel la paire de transistors du circuit de verrouillage
de niveau (180) comporte :

un premier transistor MOS (M4) ayant sa grille raccordée à la sortie du diviseur de tension (720) ; et
un deuxième transistor MOS (M5) réagissant à la sortie de l’étage préamplificateur (160) ;
et dans lequel le circuit de verrouillage de niveau (180) comporte en outre un autre transistor (M3) agencé de
manière à être raccordé entre le premier rail d’alimentation (Vcc) et la grille du premier transistor MOS (M4),
ledit autre transistor (M3) réagissant au signal de détection.

13. Circuit intégré comportant un premier et un deuxième rail d’alimentation (Vcc ; Vss, GND), et un circuit de protection
(100, 700) selon l’une quelconque des revendications 1 à 12 raccordé entre les rails d’alimentation.

14. Dispositif électronique comportant un circuit intégré selon la revendication 13 et une alimentation raccordée au
premier et au deuxième rail d’alimentation (Vcc ; Vss, GND) du circuit intégré.
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