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OVERVOLTAGE PROTECTION DEVICE 

BACKGROUND 

1. Technical Field 
The present disclosure relates to an overvoltage protection 

device, and more specifically to an overvoltage protection 
device capable of protecting a power Supply line. 

2. Description of the Related Art 
An overvoltage protection device is a component or 

circuit which turns on when the Voltage thereacross exceeds 
a given threshold, called breakdown voltage, and generally 
designated as V. 
A first type of protection component is of avalanche diode 

type, with a current-vs.-Voltage characteristic illustrated in 
FIG. 1. When the voltage across this component exceeds 
breakdown voltage V, the component turns on. Ideally, the 
Voltage across the component remains equal to V, while 
the current increases. Indeed, as shown in FIG. 1, the 
characteristic is not vertical and the Voltage across the 
component exceeds value V, while the overvoltage is 
absorbed, that is, a current I of strong value crosses the 
component. 
A disadvantage of this type of component is that during 

the overvoltage absorption phase, the Voltage across the 
component remains greater than or equal to breakdown 
Voltage V, that is, during this phase, the component has to 
absorb a power greater than VxI. This results in having to 
form a component having sufficiently large size to be able to 
absorb this power without being destroyed. Currently, for 
Voltages V greater than 100 volts, for example, on the 
order of 300 volts, this results in component sizes greater 
than several cm, for example, on the order of 10 cm. Such 
components are however made in the form of a stack of 
diode chips, for example, a stack of fourteen elementary 
components each having a surface area of 8.6x8.6 mm to 
reach a 430-V breakdown voltage. Such components are 
thus expensive and bulky. 
A second type of protection component is of break-over 

type, of Shockley diode type, or of gateless thyristor type. 
The current-vs.-Voltage characteristic of a break-over com 
ponent is illustrated in FIG. 2. When the voltage across the 
component exceeds breakdown voltage V, this voltage 
rapidly drops and then follows a substantially vertical char 
acteristic I. 
An advantage of this second type of component is that the 

power dissipated by the overvoltage in the component is low 
as compared with the power dissipated in a device of 
avalanche diode type, given that the Voltage across the 
component is very low during the overintensity flow. A 
disadvantage of this second type of component is that, as 
long as there is a Voltage across the component, said 
component remains on, the protection component only turn 
ing back off if the voltage thereacross is such that the current 
in this component becomes Smaller than a hold current I. 
For a protection component having its breakdown voltage 
V approximately ranging from 50 to 1,000 volts, this hold 
current currently has a value approximately ranging from 
100 mA to 1 A according to the breakdown voltage of the 
component. 

Accordingly, break-over type protection components are 
reserved for circuits where these components are intended to 
protect a line having an operating Voltage crossing Zero 
values—this being in particular true for a data transmission 
line. 
As illustrated in FIG. 3, if a line L1 forming a power 

Supply line connected to the output of a power Supply device 
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2 
Such as a Solar power plant 10, for example connected to an 
inverter 12, is desired to be protected, a break-over protec 
tion component can normally not be used since, after the 
occurrence of an overvoltage, for example corresponding to 
a lightning Surge on line L1, the Voltage on line L1 remains 
positive and the protection component remains conductive. 
As illustrated in FIG. 4A, after application of the over 

Voltage, Voltage V, at the output of power Supply source 10 
is short-circuited and a short-circuit current Is flows 
therein. The Source sees across its terminals internal resis 
tance Ri and on-state resistance R, of the protection diode. 
A Voltage V, V, (R/(Ri+R)) then exists across the 
protection diode. 

FIG. 4B shows a portion of the characteristic curve of the 
diode corresponding to this specific case. In most practical 
configurations, potential V, corresponding to short-circuit 
current Is, is much greater than Voltage V, corresponding to 
hold current I, of the break-over component. As an example, 
for a 150-mAhold current I, voltage V may be on the order 
of 2V. It is thus a priori not possible to use a break-over 
component to protect a D.C. power Supply line. Protection 
devices of avalanche diode type, which have significant 
Surface areas and thus a high cost, thus are used. 

It is here desired to overcome this disadvantage. 

BRIEF SUMMARY 

Thus, an embodiment provides an overvoltage protection 
device capable of protecting a power Supply line comprising 
in parallel a break-over diode, a controlled Switch, and a 
circuit for controlling the switch. 

According to an embodiment, the break-over diode is in 
series with an avalanche diode having a breakdown Voltage 
at least ten times lower than the break-over voltage of the 
break-over diode. 

According to an embodiment, the protection device has a 
breakdown voltage ranging between 50 and 1,000 volts. 

According to an embodiment, the control circuit com 
prises an overvoltage detector and is capable of turning on 
the switch for a determined time period, some time after the 
overvoltage will have been detected, and then of turning off 
the switch after a determined time. 

According to an embodiment, the control circuit com 
prises a detector of the Voltage across the diode and is 
capable of turning on the Switch when the Voltage across the 
diode is within a given range, corresponding to the value of 
the Voltage across the diode when said diode is shorted, and 
then of turning off the switch after a determined time. 
The foregoing and other features and advantages will be 

discussed in detail in the following non-limiting description 
of specific embodiments in connection with the accompa 
nying drawings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

FIG. 1, previously described, shows the current-vs.-volt 
age characteristic of a protection device of avalanche diode 
type; 

FIG. 2, previously described, shows the current-vs.-volt 
age characteristic of a protection device of break-over type; 

FIG. 3, previously described, shows a protection diode of 
break-over type connected to a D.C. power Supply line; 

FIG. 4A, previously described, shows an equivalent dia 
gram of the assembly of FIG. 3 in short-circuit; 

FIG. 4B, previously described, shows the characteristic of 
a break-over device in the case of FIG. 4A; 
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FIG. 5 shows a first embodiment of a protection device; 
FIG. 5A shows an implementation of the first embodi 

ment, 
FIG. 5B shows another implementation of the first 

embodiment; 
FIG. 6 shows a second embodiment of a protection 

device; and 
FIG. 7 shows an example of a circuit for controlling a 

protection device of the type in FIGS. 5 and 6. 

DETAILED DESCRIPTION 

FIG. 5 shows a first embodiment of a protection device. 
This protection device comprises between two terminals A 
and B the parallel assembly of: 

a break-over type protection diode D, 
a switch SW, and 
a circuit (CONTROL) for controlling switch SW. 
The protection device of FIG. 5 operates as follows. 
In the idle state, switch SW is off. Terminals A and B are 

connected across a D.C. power Supply line so that the 
protection is for example connected like diode D of FIG. 3. 
As long as the Voltage between terminals AB remains lower 
than the breakdown voltage of break-over diode D, the 
protection device is non-conductive. When an overvoltage 
appears, the protection diode becomes conductive, which 
results in the configuration of FIG. 4A, that is, the power 
supply connected between terminals AB is shorted. Once the 
overvoltage has passed, diode D conducts a short-circuit 
current I, such as defined in relation with FIG. 4A. At this 
time, Switch SW is turned on so that the current between 
terminals A and B is branched by switch SW. If on-state 
resistance R., of switch SW is sufficiently low, the voltage 
between terminals AB becomes lower than voltage V, 
defined in relation with FIG. 4B. 

Various types of control circuits (CONTROL) may be 
used to control the turning on and the turning off of Switch 
SW. Such control circuits may comprise a processor or 
another timer. 

According to an embodiment shown in FIG. 5A, the 
control circuit CONTROL is implemented by a control 
circuit 20A that comprises an overvoltage detector 22 con 
figured to detect an overvoltage at the terminal A. The 
control circuit 20A automatically turns on switch SW for a 
determined time period, some time after the overvoltage is 
detected by the overvoltage detector 22, and then turns off 
switch SW at the end of the time period. 

According to an embodiment shown in FIG. 5B, the 
control circuit CONTROL is implemented by a control 
circuit 20B that comprises a voltage detector 24 for detect 
ing the Voltage across diode D. As long as this Voltage is 
lower than V, and higher than V, the control circuit 20B 
will remain inactive. Then, after a first voltage drop, the 
control circuit will determine whether the voltage across 
diode D is within a given range, corresponding to value 
V(R/(Ri+R)). The control circuit then determines the 
turning on and the turning off of switch SW. 

The operation of the circuits of FIGS. 5, 5A, 5B is based 
on the fact that, when switch SW is in the conductive state, 
the voltage thereacross drops sufficiently to become lower 
than previously-defined value V. This implies that on-state 
resistance R. of switch SW must be much lower than 
apparent resistance R of diode D when the device is 
shorted. It should be understood that this suggests to use a 
Switch with a very low R, which is not always compatible 
with the desire to use low-cost switches, for example, small 
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MOS transistors. If condition RxIs.<V, is too difficult to 
respect, an alternative embodiment such as illustrated in 
FIG. 6 may be provided. 
The variation of FIG. 6 comprises the same elements as 

the embodiment of FIG. 5 but further comprises an ava 
lanche diode d of breakdown voltage V, having a low 
breakdown voltage V as compared with breakdown volt 
age V of break-over diode D. For example, V is lower 
than V/10. The operation of the series assembly of break 
over diode D and of avalanche dioded will be little different 
for the absorption of an overvoltage from the operation of 
diode D alone. This time, when the overvoltage has passed 
and the line is shorted, condition RXIs.<V+V should be 
satisfied, which enables to use a Switch having a higher R. 
than in the case of the assembly of FIG. 5. 

FIG. 7 shows an embodiment of control circuit CON 
TROL. A first comparator COMP1 compares the voltage on 
the anode of the diode D to ground and delivers a 1 when the 
voltage is positive. A second comparator COMP2 compares 
the voltage on the diode anode with a threshold V, substan 
tially corresponding to the Voltage across the shorted diode 
and delivers a 1 when the voltage across the diode becomes 
lower than a value little greater than this short-circuit 
Voltage. The outputs of the two comparators are sent to an 
AND gate having its output controlling switch SW via a 
buffer amplifier AMP Amplifier AMP is for example formed 
of a chain of inverters in series. 

Thus, switch SW is turned on for a short period when first 
comparator COMP1 has verified that the voltage across 
protection diode D is positive and when this voltage 
becomes close to a predetermined value V. It should be 
noted that comparator COMP2 does not start during the 
short period which immediately follows the arrival of the 
overvoltage, during which the voltage briefly drops below 
V, before increasing during the absorption of the overvolt 
age. This results either from the fact that the comparator is 
not fast enough to detect this short transition or from the fact 
that the reference voltage close to V, is delivered by a 
reference diode in parallel with a capacitor which branches 
fast transitions. 

Thus, protection devices of the type described in relation 
with FIGS. 5 and 6 have the advantages of break-over 
protection devices in that they enable to use a break-over 
diode having a relatively small surface area, for example, 50 
mm, while, as indicated previously, for protection voltages 
greater than from approximately 50 to 1,000 volts, protec 
tion avalanche diodes should have Surface areas approxi 
mately ranging from 1 to 10 cm. The assembly of switching 
device SW, for example, a MOS transistor, and of the control 
circuit may for example have a surface area approximately 
ranging between 10 and 15 mm only. Thus, the total surface 
area of the protection device is smaller than 65 mm, and the 
function ensured by an avalanche protection component 
having a surface area ranging from 1 to 10 cm may be 
fulfilled. The device for example comprises two chips, one 
corresponding to the protection diode and the other to the 
switch and to its control circuit. These two chips may be 
assembled on a single Support and form a simple dipole. 

Specific embodiments have been described. Various 
alterations, modifications, and improvements will readily 
occur to those skilled in the art. For example, only one-way 
protection diodes have been described herein. Of course, 
bidirectional protection diodes (having their characteristics 
illustrated in FIGS. 1 and 2, although they have not been 
described) may also be provided. 

Further, the use of the protection component in associa 
tion with a line biased to a D.C. voltage only has been 
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described. This component may also be used in the case 
where the line is an A.C. power Supply line, for example, at 
50 or 60 Hz. Indeed, if the overvoltage occurs at the 
beginning of a halfwave, it may be desired for the protection 
diode to stop being conductive rapidly after the occurrence 
of an overvoltage without waiting for the end of a halfwave, 
the duration of a halfwave being 10 ms in the case of a power 
supply at 50 Hz. 

Such alterations, modifications, and improvements are 
intended to be part of this disclosure, and are intended to be 
within the spirit and the scope of the present disclosure. 
Accordingly, the foregoing description is by way of example 
only and is not intended to be limiting. 
The various embodiments described above can be com 

bined to provide further embodiments. These and other 
changes can be made to the embodiments in light of the 
above-detailed description. In general, in the following 
claims, the terms used should not be construed to limit the 
claims to the specific embodiments disclosed in the speci 
fication and the claims, but should be construed to include 
all possible embodiments along with the full scope of 
equivalents to which Such claims are entitled. Accordingly, 
the claims are not limited by the disclosure. 
What is claimed is: 
1. An overvoltage protection device capable of protecting 

a power Supply line, comprising: 
a diode component including a break-over diode con 

nected between first and second terminals of the power 
Supply line, the diode component being configured to 
conduct in response to an overvoltage across the first 
and second terminals exceeding a break-over Voltage of 
the break-over diode, 

an electronic Switch in parallel with the diode component, 
and 

a control circuit coupled to the break-over diode and 
configured to close the electronic switch after the 
overvoltage is no longer across the first and second 
terminals, wherein the electronic Switch is configured 
to cause the break-over diode to not conduct in 
response to the electronic Switch being closed, wherein 
the control circuit comprises: 

a first comparator configured to compare a Voltage on an 
anode of the diode component to a reference Voltage; 

a second comparator configured to compare the Voltage 
on the anode with a threshold substantially correspond 
ing to a Voltage across the diode when conducting; 

an AND gate having first and second inputs respectively 
coupled to outputs of the first and second comparators; 
and 

a buffer amplifier coupled between an output of the AND 
gate and a control terminal of the Switch. 

2. The overvoltage protection device of claim 1, wherein 
the diode component includes an avalanche diode in series 
with the break-over diode and having a breakdown voltage 
at least ten times lower than a break-over voltage of the 
break-over diode. 

3. The overvoltage protection device of claim 1, wherein 
the diode component has a breakdown Voltage ranging 
between 50 and 1,000 volts. 

4. The protection component of claim 1, wherein the 
control circuit is configured to detect the overvoltage and the 
control circuit is configured to turn on the Switch for a time 
period in response to detecting the overvoltage, and turn off 
the switch when the time period elapses. 

5. The protection component of claim 1, wherein the 
control circuit is configured to detect a Voltage across the 
diode component and the control circuit is configured to turn 
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6 
on the Switch in response to detecting that the Voltage across 
the diode is within a given range, corresponding to a value 
of the Voltage across the diode component when said diode 
component is conducting, and turn off the Switch after a 
determined time. 

6. An apparatus, comprising: 
a power Supply line; and 
an overvoltage protection device configured to protect the 
power Supply line, the overvoltage protection device 
including: 
a diode component including a break-over diode 

coupled to the power Supply line and connected 
between first and second terminals of the power 
Supply line, the diode component being configured to 
conduct in response to an overvoltage across the first 
and second terminals exceeding a break-over Voltage 
of the break-over diode, 

an electronic switch in parallel with the diode compo 
nent, and 

a control circuit coupled to the break-over diode and 
configured to close the electronic switch after the 
overvoltage is no longer across the first and second 
terminals, wherein the electronic Switch is config 
ured to cause the break-over diode to not conduct in 
response to the electronic Switch being closed, 
wherein the control circuit comprises: 

a first comparator configured to compare a Voltage on 
an anode of the diode component to a reference 
Voltage; 

a second comparator configured to compare the Voltage 
on the anode with a threshold substantially corre 
sponding to a voltage across the diode when con 
ducting: 

an AND gate having first and second inputs respec 
tively coupled to outputs of the first and second 
comparators; and 

a buffer amplifier coupled between an output of the 
AND gate and a control terminal of the switch. 

7. The apparatus of claim 6, wherein the diode component 
includes an avalanche diode in series with the break-over 
diode and having a breakdown Voltage at least ten times 
lower than a break-over voltage of the break-over diode. 

8. The apparatus of claim 6, wherein the diode component 
has a breakdown voltage ranging between 50 and 1,000 
volts. 

9. The apparatus of claim 6, wherein the control circuit is 
configured to detect the overvoltage and the control circuit 
is configured to turn on the Switch for a time period in 
response to detecting the overvoltage, and turn off the Switch 
when the time period elapses. 

10. The apparatus of claim 6, wherein the control circuit 
is configured to detect a voltage across the diode component 
and the control circuit is configured to turn on the Switch in 
response to detecting that the Voltage across the diode is 
within a given range, corresponding to a value of the Voltage 
across the diode component when said diode component is 
conducting, and turn off the Switch after a determined time. 

11. An apparatus, comprising: 
an electrical component configured to be coupled to a 
power Supply line; and 

an overvoltage protection device configured to protect the 
electrical component from an overvoltage from the 
power Supply line, the overvoltage protection device 
including: 
a diode component including a break-over diode con 

nected between first and second terminals of the 
power Supply line, the diode component being con 
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figured to conduct in response to an overvoltage 
across the first and second terminals exceeding a 
break-over voltage of the break-over diode, 

an electronic switch in parallel with the diode compo 
nent, and 

a control circuit coupled to the break-over diode and 
configured to close the electronic switch after the 
overvoltage is no longer across the first and second 
terminals, wherein the electronic switch is config 
ured to cause the break-over diode to not conduct in 
response to the electronic switch being closed, 
wherein the control circuit comprises: 

a first comparator configured to compare a voltage on 
an anode of the diode component to a reference 
Voltage; 

a second comparator configured to compare the voltage 
on the anode with a threshold substantially corre 
sponding to a voltage across the diode when con 
ducting: 

an AND gate having first and second inputs respec 
tively coupled to outputs of the first and second 
comparators; and 

a buffer amplifier coupled between an output of the 
AND gate and a control terminal of the switch. 

12. The apparatus of claim 11, wherein the diode com 
ponent includes an avalanche diode in series with the 
break-over diode and having a breakdown voltage at least 
ten times lower than a break-over voltage of the break-over 
diode. 

13. The apparatus of claim 11, wherein the diode com 
ponent has a breakdown voltage ranging between 50 and 
1,000 volts. 

14. The apparatus of claim 11, wherein the control circuit 
is configured to detect the overvoltage and the control circuit 
is configured to turn on the switch for a time period in 
response to detecting the overvoltage, and turn off the switch 
when the time period elapses. 

15. The apparatus of claim 11, wherein the control circuit 
is configured to detect a voltage across the diode component 
and the control circuit is configured to turn on the switch in 
response to detecting that the voltage across the diode is 
within a given range, corresponding to a value of the voltage 
across the diode component when said diode component is 
conducting, and turn off the switch after a determined time. 

16. An overvoltage protection device capable of protect 
ing a power supply line, comprising: 

a diode component including a break-over diode con 
nected between first and second terminals of the power 
Supply line, the diode component being configured to 
conduct a shorting current through the break-over diode 
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8 
in response to a voltage across the first and second 
terminals exceeding a break-over voltage of the break 
over diode, 

an electronic switch electrically connected in parallel with 
the diode component between the first and second 
terminals, and 

a control circuit coupled to the break-over diode and 
configured to control the switch, wherein the control 
circuit comprises: 

a first comparator configured to compare a voltage on an 
anode of the diode component to a reference voltage; 

a second comparator configured to compare the voltage 
on the anode with a threshold substantially correspond 
ing to a Voltage across the diode when conducting: 

an AND gate having first and second inputs respectively 
coupled to outputs of the first and second comparators; 
and 

a buffer amplifier coupled between an output of the AND 
gate and a control terminal of the switch. 

17. The overvoltage protection device of claim 16, 
wherein the diode component includes an avalanche diode in 
series with the break-over diode and having a breakdown 
Voltage at least ten times lower than a break-over voltage of 
the break-over diode. 

18. An overvoltage protection device capable of protect 
ing a power supply line, comprising: 

a diode component including a break-over diode. 
a controlled switch in parallel with the diode component, 

and 
a control circuit coupled to the break-over diode and 

configured to control the switch, wherein the control 
circuit comprises: 
a first comparator configured to compare a voltage on 

an anode of the diode component to a reference 
Voltage; 

a second comparator configured to compare the voltage 
on the anode with a threshold substantially corre 
sponding to a voltage across the diode when con 
ducting: 

an AND gate having first and second inputs respec 
tively coupled to outputs of the first and second 
comparators; and 

a buffer amplifier coupled between an output of the 
AND gate and a control terminal of the switch. 

19. The overvoltage protection device of claim 18, 
wherein the diode component includes an avalanche diode in 
series with the break-over diode and having a breakdown 
Voltage at least ten times lower than a break-over voltage of 
the break-over diode. 


