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sensing a voltage increase on the first supply rail (Vcc). Such a sensor may be implemented as an RC element. The sensor (120) has
an output coupled to a signal path for providing a detection signal on said path. The sensor (120) triggers a clamping circuit (180)
to clamp the first supply rail (Vcc) to the second supply rail (Vss) in response to the detection signal, which typically signals an
ESD event on the supply rails. A pre-amplifying stage (160) is coupled between the sensor (120) and the clamping circuit (180) to
amplify the detection signal for the clamping circuit (180). The protection circuit further comprises 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. Such a hold circuit
may comprise a further RC element for accelerating the activation of the clamping circuit (180) and extending the activation of the
clamping circuit beyond the termination of the detection signal, thus yielding a more efficient protection circuit (100, 700).



Published:
— without international search report and to be republished

upon receipt of that report



DESCRIPTION

VOLTAGE SURGE PROTECTION CIRCUIT

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.

The present invention further relates to an integrated circuit (IC) having

such a circuit and to an electronic device having such an IC.

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 (V DD) 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.

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 (V th), 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.

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.

The present invention seeks to provide a protection circuit that offers

improved protection against excessive voltages on the pads of an IC.

The present invention further seeks to provide an IC comprising such a

protection circuit and an electronic circuit comprising such an IC.

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.

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.

Preferably, 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. The capacitor of the hold circuit provides a current copy of the

current generated by the sensor. This means that the pre-amplifying stage will be

switched on more quickly, thus resulting the clamping circuit to clamp the first

supply rail to a lower voltage than without the hold circuit.

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.

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 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.

Preferably, the clamping circuit also comprises stacked transistors to give

the clamping circuit improved robustness 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.

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.

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.

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.

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 .

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.

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.

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 C 1. The current generated by the capacitor C 1 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 C 1 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 C 1 as a

capacitance multiplier using an amplifier M6, which may be implemented as a

switch such as a MOS transistor.

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 C 1 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 capacitor

C 1 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 µm2,

and a poly-Si based capacitor may be realized in an area of around 250 µm2,

compared to the required area for a MIM capacitor of around 2* 103 µm2.

The protection circuit 100 further comprises a pre-amplifying stage 160 for

amplifying this detection signal. The pre-amplifying stage 160 comprises an

amplifier M 1 for this purpose. The amplifier M 1 may be implemented as a switch

such as a MOS transistor, which can switch on quickly due to its relatively low

V th. 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.

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 M BF - 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.

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.

Preferably, the switch T4 should have a higher V
th

than amplifying switch

M 1 to ensure that the switch M 1 remains switched on when switch T4 is switched

on. This may be realized by implementing M 1 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.

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.

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).

Importantly, 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.

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.

Table I

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.



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 Il

It can be seen from Fig. 6 that immediately after t = 0 µs , 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 OV 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 0.4µs , 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 = 0.4µs onwards show an increase in all voltages increased until the

power supply clamping value of the clamping circuit 180 is reached.

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.

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

7 10 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.



Fig. 8 shows the power stage 730 in more detail. The pre-amplifying stage

140 is implemented by means of two amplifiers M 1 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 M 1 and M2 may be implemented as transistors such

as MOS transistors. The node between the two amplifiers M 1 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 M 1 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 M 1 and M2 to increase their breakdown voltage.

The pre-amplifying stage of Fig. 8 may be susceptible to non-negligible

static leakage currents through one of its devices M 1 , 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 M 1 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.

In order to ensure that the pre-amplifying stage is appropriately switched

on during an ESD event, the control terminal of amplifier M 1 is responsive to the

detection signal generated by the sensor 120, and the control terminal of

amplifier M 1 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 C 1 and the second

supply rail Vss. The switch M7 pulls down the grid of the of the protection circuit

100 together with the capacitor C 1 of the sensor 120, thus effectively turning on

the amplifier M2.



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 T 1, which has its base

connected to the output Middle of the voltage divider 720. Due to its cascaded

structure, bipolar transistor T 1 is capable of withstanding high voltages, i.e.

voltages in excess of the breakdown voltage of transistor T3.

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 T 1, with the switch

M3 being responsive to the detection signal. The switch M3 thus pulls up the

cascaded bipolar transistor T 1 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 M 1 and M2 may be shorted with the base of the cascaded bipolar

transistor T 1. In this case, the size of the amplifier devices M 1 and M2 must be

adjusted to obtain a higher current drive for the cascaded bipolar transistor T 1.

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 BV CER (the breakdown voltage between collector and emitter with

a resistive open source base).

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 M 1 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 T 1 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.

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.

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.

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.

Table

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.

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.



It should be noted that the above-mentioned embodiments illustrate rather

than limit the invention, and that those skilled in the art will be able to design

many alternative embodiments without departing from the scope of the appended

claims. 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.

2 . A protection circuit ( 100, 700) as claimed in Claim 1, wherein the hold

circuit comprises a switch (T4) coupled to the signal path for coupling the signal

path to the second supply rail (Vss, GND) of the integrated circuit, the switch (T4)

having a control terminal coupled to the output of the pre-amplifying stage (140)

via a capacitor (C2).

3 . A protection circuit (100, 700) as claimed in Claim 1 or 2 , wherein the

sensor (120) comprises a capacitor (C1) for storing a voltage value of the first

supply rail (Vcc).

4 . A protection circuit (100, 700) as claimed in Claim 3 , wherein the sensor

(120) further comprises an amplifier (M6) for amplifying the charge stored in the

capacitor (C1 ) .

5 . A protection circuit (700) as claimed in Claim 4 , 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.

6 . A protection circuit (700) as claimed in any of Claims 1-3, 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).

7 . A protection circuit (700) as claimed in Claim 6 , wherein the voltage

divider (720) comprises a diode chain.

8 . A protection circuit (700) as claimed in Claim 6 or 7 , wherein the first and

second transistors (M1 ; M2) are pMOS transistors.

9 . A protection circuit (700) as claimed in Claim 6 , 7 or 8 , wherein the control

terminal of the second transistor (M2) is further coupled to the output of the

voltage divider (720) via a resistor (R5).

10. A protection circuit (700) as claimed in Claim 9 , 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).

11. A protection circuit (700) as claimed in Claim 6 , wherein the clamping

circuit (180) comprises a pair of transistors (M4; M5, T 1; T3) arranged to be

connected in series between the first supply rail (Vcc) and the second supply rail

(Vss, GND).



12. A protection circuit (700) as claimed in Claim 11, 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.

13. A protection circuit (700) as claimed in Claim 11, 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.

14. An integrated circuit comprising a first and second supply rails (Vcc; Vss,

GND), and a protection circuit (100, 700) according to any of Claims 1-13

coupled between the supply rails.

15. An electronic device comprising an integrated circuit as claimed in Claim

14 and a power supply coupled to the first and second supply rails (Vcc; Vss,

GND) of the integrated circuit.
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