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Description

[0001] The invention relates to an electropyrotechnic initiator.
[0002] The field of application of the invention relates to initiators for firing the pyrotechnic charges of gas generators
for activating devices for protecting the occupants of motor vehicles, such as, for example, air bags.
[0003] Usually, such an initiator comprises a pyrotechnic ignition charge and a heater resistor element covered by the
pyrotechnic ignition charge to ignite it by the Joule effect. Two electrodes are provided for being fed with electricity.
[0004] The operation of electropyrotechnic initiators is influenced by the pair constituted by the resistor element and
the ignition pyrotechnic charge, and by the sensitivity imparted to such initiators by the pair used.
[0005] Thus, the all-fire threshold corresponds to the limit value for electrical current passing via the electrodes, above
which it is certain that the initiator will function, i.e. that the ignition pyrotechnic charge will ignite.
[0006] The no-fire threshold, lower than the all-fire threshold, corresponds to the limiting value for electrical current
passing via the electrodes, below which it is certain that the initiator will not function, i.e. that the ignition pyrotechnic
charge will not ignite.
[0007] Between the no-fire threshold and the all-fire threshold, there exists a transient zone in which it is not certain
whether the initiator will or will not function.
[0008] Document US-A-6 272 965 concerns an electro-explosive device ("EED") having resistors fabricated on a
thermally conductive substrate and interconnected by a central bridge element. The resistance of the bridge element is
lower than that of the resistors, which have a larger surface area to volume ratio. A layer of zirconium is placed on the
bridge element and explodes into a plasma along with the bridge element in order to ignite a pyrotechnic compound.
The substrate using integrated circuit fabrication techniques and the conductive bridge of the EED is overcoated with a
composite overcoat comprising a metal and an oxidizer, which produces a chemical explosion upon plasma vaporization
of the conductive bridge. In the second embodiment of this document, the EED comprises a silicon wafer, or a thermally
conductive but electrically insulating substrate, such as alumina, which has layers of silicon dioxide grown on the front
and back surfaces. The silicon dioxide layers electrically insulate the substrate while providing a low thermal path of
resistance across the front and back surfaces of the substrate. Preferably, the substrate has a nominal low resistivity.
A layer of titanium is vapor deposited onto the front surface followed by a layer of zirconium. The zirconium/titanium
layer is then selectively etched away to form a bowtie pattern having a central bridge portion. A layer of titanium/nickel/
gold is deposited over the back layer of silicon dioxide and Ti/Ni/Au layers are also deposited over the ends of the bowtie
shaped zirconium layer to form contact pads. The resistance of the EED is comprised of three resistors in series, with
Rland being the resistance through the Ti/Ni/Au layers to either end of the bowtie-shaped zirconium layer and Rbow
being the resistance of the bowtie-shaped zirconium layer. With low levels of input signals, the resistances Rland have
a much larger surface to volume ratio than the resistance Rbow. Thus, at these levels, the resistances Rland receive
most of the energy from the input signals and convert the energy into heat. The Ti/Ni/Au contacts present a large surface
area for the conduction of heat through the top silicon dioxide layer, through the thermally conductive substrate and to
the header. As a result, at low levels of input signal, the zirconium-shaped bowtie dissipates only a fraction of the heat
and remains relatively cool. Thus, the EED can remain insensitive to any RF power or ESD which is coupled to the EED.
The EED is ignited by supplying a firing signal which has a relatively high intensity. The resistances Rland comprise
metal-oxide variable resistances which are formed between the titanium layer in contacts and an oxide-phase layer
formed on the zirconium layer. The metal-oxide variable resistances Rland have a relatively high resistance at lower
voltages. With higher intensity signals, the metal-oxide resistances Rland decrease substantially and become small in
comparison to the resistance Rbow. As a result, with a high intensity firing signal, the resistance Rbow will become the
largest resistance and will accordingly receive most of the energy from the firing signal until the zirconium layer vaporizes
in a plasma.
[0009] The invention seeks to obtain an electropyrotechnic initiator serving to reduce the range of uncertainty con-
cerning the functioning of electropyrotechnic initiators between the no-fire threshold and the all-fire threshold.
[0010] To this end, in a first aspect, the invention provides an electropyrotechnic initiator according to claim 1.
[0011] By means of the invention, a fraction of the heat produced by the heater resistor element in operation of the
initiator is dissipated towards the support. The no-fire threshold value is thus raised towards the all-fire threshold, thereby
reducing the transient zone between them. The value of the no-fire threshold is raised, while the value of the all-fire
threshold remains substantially constant. Consequently, the initiator of the invention presents greater safety in operation
and is more robust against stray electrical currents. Thus, the invention makes it possible to satisfy better the requirements
laid down by motor vehicle manufacturers for the no-fire and all-fire thresholds.
[0012] According to claims 2 to 9 depending on claim 1:

- a second layer of heat-conducting and electrically-insulating adhesive is interposed between the heat dissipator
and the support;

- or the heat dissipator is in direct contact with the support;
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- the heat dissipator is formed by a heat-conducting layer;
- the heat dissipator is made of a material selected from metal materials and ceramic materials;
- the heat dissipator is made of a metal selected from copper, aluminum, alloys thereof, or oxides thereof;
- the heat dissipator is located beneath the heater resistor element; and
- the heater resistor element is covered by two electrical contacts that are separate from each other and in contact

with respective ones of the two electrodes.

[0013] The invention will be better understood on reading the following description given purely by way of nonlimiting
example and with reference to the accompanying drawings, in which:

- Figure 1 is a diagrammatic axial vertical section of an initiator according to the invention;
- Figure 2 is a diagrammatic axial vertical section showing the disposition of the heater resistor element on the support

in a first embodiment of the initiator according to Figure 1;
- Figure 3 is a diagrammatic axial vertical section showing the disposition of the heater resistor element on the support

in a second embodiment of the initiator according to Figure 1; and
- Figure 4 is a diagrammatic axial vertical section showing the disposition of the heater resistor element on the support

in a third embodiment of the initiator according to Figure 1.

[0014] An electropyrotechnic initiator 1 according to the invention is shown in Figure 1. The initiator 1 comprises a
cylindrical container 2 that is circular about the vertical axis of the initiator, and that is also fragmentable and open at
one of its ends. A solid circular cylindrical body 3 closes the open end of the container 2. The side wall 4 of the body 3
presents an outside shoulder 5 against which the open end of the container 2 comes to bear. The container 2 and the
body 3 are encased in overmolding 6 that holds them together. The container 2 is thus in the form of a cylindrical cap
presenting a side wall 7 and a top wall 8 which is plane, closed, and solid. By way of example, the container 2 also
contains a metal tube 20 reinforcing the side wall 7. The container 2 is made of thin light metal, e.g. aluminum, and its
plane wall 8 is advantageously weakened so as to open easily under the effect of an increase in the pressure that exists
inside the container. The overmolding 6 is preferably made of a thermoplastic resin such as polyethylene terephthalate,
for example. The body 3 is made out of a dense metal such as steel, for example.
[0015] The body 3 presents a plane top face 9 and a likewise plane bottom face 15, and over its full height h, it encases
an electrically-insulating structure through which there pass two electrically-conducting electrodes 12 and 13. This
structure for passing the two electrodes 12 and 13 is vitreous, for example. The two electrodes 12 and 13 are in the
form of pins, for example. In the embodiment shown, this structure for passing the two electrodes 12 and 13 is formed
by two hollow electrically-insulating tubes 10 and 11, e.g. made of glass, themselves encasing respective ones of the
two electrodes 12 and 13. In a variant, the structure for passing the two electrodes 12 and 13 could comprise a single
tube 10 or 11 encasing the corresponding electrode 12 or 13. In another variant, the body 3 could be electrically-insulating,
and could itself encase the electrodes 12 and 13 directly without using tubes 10 and 11, with the body then being made
of glass, for example. In an embodiment that is not shown, one of the electrodes 12, 13 surrounded by an electrically-
insulating tube 10, 11 may be of the coaxial type, i.e. being electrically connected to the body 3 via a connection situated
beneath it.
[0016] The plane top face 9 of the body 3 is fixed to a support 16, e.g. by means of adhesive. In the embodiments
shown as examples in the figures, the support 16 is isolated from the electrodes 12 and 13, is made of an electrically-
insulating material, and is constituted, for example, by a board made of a glass/resin mixture, such as a composite
polymer of the epoxy type filled with glass fibers. Two through cylindrical channels 22 and 23 are provided in the support
16 for passing the electrodes 12 and 13. Each electrode 12, 13 presents a respective top end 12b, 13b which projects
beyond the plane top face 9 of the body 3 and that of the support 16, and a second end 12c, 13c which projects beyond
the bottom face 14 of the overmolding 6.
[0017] The support 16 carries an electrical circuit 18 which includes a heater resistor element 17 or heating resistive
element 17 and which is electrically connected to the electrodes 12 and 13.
[0018] The resistor element 17 is photoetched in conventional manner. The resistor element 17 presents a top surface
24 which is covered by an ignition pyrotechnic charge contained in the container 2, or in the embodiment shown, in the
container 2 and in the metal tube 20. This ignition pyrotechnic charge comprises, for example, an initiation pyrotechnic
composition 19 which is in contact with the heater resistor element 17 and which is based, for example, on lead trini-
troresorcinate, and an ignition composition or powder 21 which covers the initiation pyrotechnic composition 19 and
which is constituted, for example, by powder based on nitrocellulose or by a mixture of boron and of potassium nitrate.
By way of example, the heater resistor element 17 is flat. As for the initiators in the table below, the initiation pyrotechnic
composition 19 could also be a mixture of zirconium and of potassium perchlorate, and the ignition powder 21 could be
a mixture of titanium hydride and potassium perchlorate.
[0019] By way of example, the heater resistor element 17 is made of metal and is formed, for example, by the middle
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portion of an electrically-conducting layer 25, and for example a nickel/chromium alloy or some other alloy, e.g. a PtW
alloy. Apart from its middle portion forming the heater resistor element 17, the layer 25 is covered by two separate
electrical contacts 26 and 27 making contact with the two electrodes 12 and 13 respectively. The contacts 26 and 27
are covered by the ignition pyrotechnic charge, co-operate with the layer 25 to form the electrical circuit 18 and comprise,
for example, a layer 28 of copper on the layer 25. This layer of copper is covered by another layer of metallization 29,
for example. The layer 25 and the contacts 26 and 27 outside the heater resistor element 17 have the electrodes 12
and 13 passing therethrough.
[0020] In Figures 2 and 3, a heat dissipator 31 is provided between the support 16 and the heater resistor element
17. This heat dissipator 31 is electrically insulated from the electrodes 12 and 13 and from the resistor element 17 by
any appropriate means that also enables the heat produced by the heater resistor element 17 to be conducted towards
the heat dissipator 31. In Figures 2 and 3, the heat dissipator 31 does not touch the heater resistor element 17. The
heat dissipator 31 conducts heat and serves to dissipate the heat produced by the heater resistor element 17 towards
the support 16. By way of example, the heat dissipator presents thermal conductivity greater than or equal to 100
milliwatts per centimeter per Kelvin (mW/cm.K) (which applies to Constantan, being the least thermally conductive of
copper-based alloys), and is preferably greater than or equal to 200 mW/cm.K.
[0021] The heat dissipator 31 is either situated beneath the heater resistor element 17, e.g. in register therewith as
shown by dashed lines in Figures 2 and 3, or else it projects beyond said position beneath the contacts 26 and 27, as
shown by continuous lines in Figures 2 and 3. The figures are not to scale nor are ratios between dimensions complied
with, and the heat dissipator 31 may extend beneath the resistor element by as much as the length of the heater resistor
element 17 between the contacts 26 and 27, or even more, for example. By way of example, the dissipator 31 may
surround the channels 22, 23 and the pins 12, 13, without touching them.
[0022] The heat dissipator 31 is constituted, for example, by a heat-conducting layer 31 of determined and continuous
thickness, as shown in Figures 2 and 3. By way of example, the heat dissipator 31 is electrically conductive, e.g. being
made of metal, such as copper or aluminum. Naturally, any other heat conducting material could be used for the heat
dissipator 31.
[0023] In the embodiments shown in Figures 2 and 3, in order to insulate the heat dissipator 31 electrically from the
heater resistor element 17, a first layer 32 of heat-conducting and electrically-insulating adhesive is interposed between
the heater resistor element 17 and the heat dissipator 31. The layer 32 of adhesive provides physical contact between
the heater element 17 and the dissipator 31. The layer 32 of adhesive is of thickness between the heater resistor element
17 and the heat dissipator 31 that is less than half the total thickness of the layer 32 of adhesive between the circuit 18
and the support 16.
[0024] In the embodiment shown in Figure 2, a second layer 33 of heat-conducting and electrically-insulating adhesive
is interposed between the heat dissipator 31 and the support 16. The layer 33 of adhesive provides physical contact
between the dissipator 31 and the support 16. By way of example, the first and second layers 32 and 33 surround all
sides of the heat dissipator 31 between the support 16, the heater resistor element 17, and the channels 22, 23 for
passing the electrodes 12, 13, meeting each other between each channel 22, 23 and the thickness of the heat dissipator
31, so that the heat dissipator 31 is then embedded in the first and second layers 32 and 33. The first and second layers
32 and 33 meet around the channels 22 and 23 where they provide support for the electrically-conducting layer 25.
[0025] In the embodiment shown in Figure 3, the second layer 33 of adhesive is omitted beneath the heat dissipator
31, and the heat dissipator 31 is in direct contact with the support 16. To do this, the heat dissipator 31 is positioned in
the desired location on the support 16 which has a plane top surface, and the layer 32 of adhesives followed by the
circuit 18 are then deposited on the heat dissipator 31 and the support 16. The first layer 32 of adhesive surrounds the
top and the sides of the heat dissipator 31 between the support 16, the heater resistor element 17, and the channels 22
and 23 for passing the electrodes 12 and 13, and meets between each channel 22, 23 and the heat dissipator 31 the
support 16. The first layer 32 surrounds the channels 22 and 23 where it acts as a support for the electrically-conducting
layer 25. The dissipator 31 may be inserted in part in the thickness direction in a corresponding recess in the support
16, so that its bottom surface 34 and a fraction of its flanks 35 come into contact with the recess in the support 16, as
shown in Figure 4.
[0026] When electricity is caused to flow via the electrodes from an external source of a circuit for controlling operation
of the initiator (not shown), heat is produced by the heater resistor element 17. A fraction of this heat is diffused through
the first layer 32 in the heat dissipator 31, passing from the dissipator through the second layer 33 into the support 16
or directly from the heat dissipator 31 into the support 16. Because of its structure and/or the material out of which it is
made, i.e. in the embodiment shown in the figures, a polymer composite of the fiberglass-filled epoxy type, the support
16 dumps the heat coming from the heater resistor element 17. The presence of the heat dissipator 31 enables the value
of the no-fire threshold to be set and raised so as to reduce the difference between the no-fire threshold and the all-fire
threshold, as shown in the table below, where the no-fire current and the all-fire current are given with reliability of 99.9%,
the element 17 being made of NiCr, and where the no-fire current is raised by more than 44% by the presence of the
dissipator. This makes the operation of the initiator more reliable.
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Claims

1. An electropyrotechnic initiator comprising:

- an ignition pyrotechnic charge (19, 21);
- a heater resistor element (17) covered by the ignition pyrotechnic charge (19, 21);
- two electrodes (12, 13) for feeding electricity to the heater resistor element (16); and
- a support (16) for the heater resistor elements; and

between the support (16) and the heater resistor element (17), and beneath at least the heater resistor element (17):

- a heat dissipator (31) for dissipating heat produced by the heater resistor element (17) towards the support
(16) ; the initiator being characterized in that it further comprises
- a first layer (32) of heat-conducting and electrically-insulating adhesive interposed between the heater resistor
element (17) and the heat dissipator (31).

2. An electropyrotechnic initiator according to claim 1, characterized in that the heat dissipator (31) has a thermal
conductivity greater than or equal to 100 mW/cm.K.

3. An electropyrotechnic initiator according to claim 1 or 2, characterized in that a second layer (33) of heat-conducting
and electrically-insulating adhesive is interposed between the heat dissipator (31) and the support (16).

4. An electropyrotechnic initiator according to claim 1 or 2, characterized in that the heat dissipator (31) is in direct
contact with the support (16).

5. An electropyrotechnic initiator according to any preceding claim, characterized in that the heat dissipator (31) is
formed by a heat-conducting layer (31).

6. An electropyrotechnic initiator according to any preceding claim, characterized in that the heat dissipator (31) is
made of a material selected from metal materials and ceramic materials.

7. An electropyrotechnic initiator according to any preceding claim, characterized in that the heat dissipator (31) is
made of a metal selected from copper, aluminum, alloys thereof, or oxides thereof.

8. An electropyrotechnic initiator according to any preceding claim, characterized in that the heat dissipator (31) is
located beneath the heater resistor element (17).

9. An electropyrotechnic initiator according to any preceding claim, characterized in that the heater resistor element
(17) is covered by two electrical contacts (26, 27) that are separate from each other and in contact with respective
ones of the two electrodes (12, 13).

Patentansprüche

1. Elektropyrotechnischer Zünder, umfassend:

- eine pyrotechnische Zündladung (19, 21);
- ein Heizwiderstandselement (17), das von der pyrotechnischen Zündladung (19, 21) bedeckt ist;
- zwei Elektroden (12, 13) zum Zuführen von Strom dem Heizwiderstandselement (16); und

Initiator No-fire current in mA
(10 s/+90°C)

All-fire current in mA
(2 ms/-40°C)

With heat dissipator (17 micrometer thick copper layer) 551 1005

Without heat dissipator 381 998
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- eine Stütze (16) für das Heizwiderstandselement; und

zwischen der Stütze (16) und dem Heizerwiderstandselement (17) und unterhalb wenigstens des Heizwiderstand-
selements (17):

- einen Wärmeableiter (31) zum Ableiten von Wärme, die von dem Heizwiderstandselement (17) erzeugt wird,
in Richtung der Stütze (16);
wobei der Zünder dadurch gekennzeichnet ist, dass er ferner umfasst
- eine erste Schicht (32) des wärmeleitenden und elektrisch isolierenden Klebers, die zwischen dem Heizwi-
derstandselement (17) und dem Wärmeableiter (31) positioniert ist.

2. Elektropyrotechnischer Zünder gemäß Anspruch 1, dadurch gekennzeichnet, dass der Wärmeableiter (31) eine
Wärmeleitfähigkeit größer oder gleich 100 mW/cm.K aufweist.

3. Elektropyrotechnischer Zünder gemäß Anspruch 1 oder 2, dadurch gekennzeichnet, dass eine zweite Schicht
(33) wärmeleitenden und elektrisch isolierenden Klebers zwischen dem Wärmeableiter (31) und der Stütze (16)
positioniert ist.

4. Elektropyrotechnischer Zünder gemäß Anspruch 1 oder 2, dadurch gekennzeichnet, dass der Wärmeableiter
(31) in direktem Kontakt mit der Stütze (16) ist.

5. Elektropyrotechnischer Zünder gemäß einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass
der Wärmeableiter (31) durch eine wärmeleitende Schicht (31) gebildet ist.

6. Elektropyrotechnischer Zünder gemäß einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass
der Wärmeableiter (31) aus einem Material ausgewählt aus Metallmaterialien und Keramikmaterialien gemacht ist.

7. Elektropyrotechnischer Zünder gemäß einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass
der Wärmeableiter (31) aus einem Material ausgewählt aus Kupfer, Aluminium, Legierungen davon, oder Oxide
davon gemacht ist.

8. Elektropyrotechnischer Zünder gemäß einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass
der Wärmeableiter (31) unterhalb des Heizwiderstandselements (17) gelegen ist.

9. Elektropyrotechnischer Zünder gemäß einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass
das Heizwiderstandselement (17) von zwei elektrischen Kontakten (26, 27) bedeckt ist, die getrennt voneinander
und jeweils in Kontakt mit einer der beiden Elektroden (12, 13) sind.

Revendications

1. Initiateur électro-pyrotechnique comportant :

- une charge pyrotechnique (19, 21) d’allumage ;
- un élément résistif chauffant (17) recouvert par la charge pyrotechnique (19, 21) d’allumage ;
- deux électrodes (12, 13) d’alimentation en électricité de l’élément résistif chauffant (16) ; et
- un support (16) d’élément résistif chauffant ; et

entre le support (16) et l’élément résistif chauffant (17) et sous au moins l’élément résistif chauffant (17) :

- un dissipateur thermique (31) pour dissiper de la chaleur produite par l’élément résistif chauffant (17) vers le
support (16) ; l’initiateur étant caractérisé en ce qu’il comporte en outre
- une première couche (32) de colle conductrice de la chaleur et isolant de l’électricité interposée entre l’élément
résistif chauffant (17) et le dissipateur thermique (31).

2. Initiateur électro-pyrotechnique suivant la revendication 1, caractérisé en ce que le dissipateur thermique a une
conductivité thermique supérieure ou égale à 100 mW/cm.K.
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3. Initiateur électro-pyrotechnique suivant la revendication 1 ou 2, caractérisé en ce qu’une deuxième couche (33)
de colle conductrice de la chaleur et isolant de l’électricité est interposée entre le dissipateur thermique (31) et le
support (16).

4. Initiateur électro-pyrotechnique suivant la revendication 1 ou 2, caractérisé en ce que le dissipateur thermique
(31) est en contact direct avec le support (16).

5. Initiateur électro-pyrotechnique suivant l’une quelconque des revendications précédentes, caractérisé en ce que
le dissipateur thermique (31) est formé par une couche (31) conductrice de la chaleur.

6. Initiateur électro-pyrotechnique suivant l’une quelconque des revendications précédentes, caractérisé en ce que
le dissipateur thermique (31) est en matériau choisi parmi les matériaux métalliques et les matériaux de céramique.

7. Initiateur électro-pyrotechnique suivant l’une quelconque des revendications précédentes, caractérisé en ce que
le dissipateur thermique (31) est en un métal choisi parmi le cuivre, l’aluminium, leurs alliages ou leurs oxydes.

8. Initiateur électro-pyrotechnique suivant l’une quelconque des revendications précédentes, caractérisé en ce que
le dissipateur thermique (31) est localisé sous l’élément résistif chauffant (17).

9. Initiateur électro-pyrotechnique suivant l’une quelconque des revendications précédentes, caractérisé en ce que
l’élément résistif chauffant (17) est recouvert par deux contacts électriques (26, 27) séparés l’un de l’autre et en
contact avec respectivement les deux électrodes (12, 13).
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