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SIMULATED AIRBAG SQUIB INTERFACE

The present invention relates to airbags and other safety systems that
are deployed by firing a squib, airbag deployment controllers, and sensors
that monitor airbag deployment.

Airbags, particularly combined with seatbelts, have been widely used in
automobiles to increase vehicle occupant safety. One approach to improving
airbag deployment is to use a sensor to monitor airbag deployment and,
depending on certain detected conditions, such as, for example, the airbag
prematurely impacting with an object, venting the airbag. Using such a
sensor in combination with an airbag to control airbagndeployment is a distinct
departure from typical past practices where sensors and logic are future
looking in order to assess whether and with what force level an airbag should
be deployed. Once the decision to deploy and the deployment level are
decided by a conventional airbag deployment system, one or more squibs are
fired and the airbag deploys.

Technology solutions that integrate one or more sensors that can
control venting of the airbag during airbag deployment present a problem in
interfacing with conventional design airbag controllers. In a typical airbag the
only electronic component is the squib initiator. The airbag controller
performs periodic built-in tests on the squib or squibs associated with the
airbag to determine that the nominal resistance of the squib is still within
specified limits. Such testing is typically performed at least each time the
vehicle is started, and, if an airbag squib resistance is outside the specified
limits, the vehicle operator is notified of a fault, and advised to seek
maintenance. The airbag controller during a crash provides an initiation pulse
of energy that activates the squib and deploys the airbag. Deployment
sensors with their electronics, logic, and control functions, provide a whole
new level of functionality that a conventional airbag controller is not designed
to test or to function with.

Furthermore, with a conventional airbag module, the interface between

the airbag controller and the airbag module consists of the two basic functions
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of resistance checking and initiation pulse, which allows independent design
and even procurement of different airbag modules used with the same
controller or even in the same vehicle model.

What is needed is a way of adding the functionality of an airbag
deployment sensor and controlled venting to an airbag module while
preserving the simplicity of the existing interface with the airbag controller.

The electronic circuit of the present invention connects to an airbag
controller in a way that is functionally identical to an airbag squib and allows
an airbag deployment sensor controller or system logic to receive from the
airbag controller an activation signal indicating that airbag deployment is
begun. The same circuit also allows an airbag deployment sensor controller
to perform the built-in tests and to communicate the failure of such internal
tests to the airbag controller by creating an open circuit that is detected by the
airbag controller as an airbag squib which is outside nominal parameters
indicating a fault. The circuit of the present invention performs two functions:
providing an activation signal, to an airbag deployment sensor controller or
other device, and reporting a circuit fault to the airbag controller. The circuit of
the present invention isolates any airbag deployment sensor controller and
fault determination circuitry from squib control wires coming from the airbag
controller.

The circuit of the present invention has a first field effect transistor with
a low Rps (on) (i.e., a low resistance signal path) in series with a two ohm
load. When the field effect transistor is turned on, the airbag controller sees
the two ohm resistance across a pair of lines used for squib initiation. When
the field effect transistor is turned off, the airbag controller sees an open
circuit across the squib control lines and so indicates an airbag fault to the
vehicle operator. The field effect transistor is controlled and powered by a
photovoltaic isolator which transmits power to the gate of the field effect
transistor connecting the two ohm load across the squib control lines. The
power side of the photovoltaic isolator is supplied by a control signal to a gate
of a second field effect transistor which has a very high transconductance and

low input current leakage. Control of the second field effect transistor is by
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means of an airbag sensor controller or controller logic.

An initiation signal for an airbag sensor controller is provided by a light-
emitting diode in parallel with the two ohm load. The light-emitting diode
drives a phototransistor, and the light-emitting diode and phototransistor form
an optical isolator. The phototransistor of the optical isolator, in the presence
of a signal from the light-emitting diode, pulls an output line low, indicating that
the airbag controller has sent an initiation current along the squib initiation
control lines. A zener diode is also connected in parallel with the
two ohm load limiting the variation in current applied to the light-emitting
diode.

An alternative circuit for controlling the first field effect transistor in
series with a two ohm load, utilizes a 100 kHz frequency control signal from
the airbag sensor controller or controller logic. The medium frequency control
signal is amplified and applied to one side of a ferrite transformer. On the
other side of the transformer a diode creates direct current which is applied to
the base of the first field effect transistor, turning it on.

FIG. 1 is a schematic view of the circuit of this invention.

FIG. 2 is a schematic view of an alternative embodiment of a portion of
the circuit of FIG. 1.

FIG. 3 is a schematic view of how the circuit of FIG. 1 is utilized in
combination with an airbag controller.

Referring to FIGS. 1 — 3, wherein like numbers refer to similar parts, an
airbag controller 20 is shown in FIG. 3. The airbag controller 20 is connected
to an airbag deployment module 28 which has an airbag squib 22 which
deploys an airbag 24 when needed to protect a vehicle occupant 26. The
airbag deployment module 28 incorporates an airbag deployment sensor 30
the output of which is used to control a vent 32. The airbag sensor 30 senses
some aspect of airbag deployment, and if the airbag sensor controller 34
determines that airbag deployment should be terminated, the airbag 24 is
vented by opening the vent 32. A simulated airbag squib 36 is connected by
a first squib initiation line 38 and a second squib initiation line 40 to the airbag

controller 20. The simulated airbag squib 36 provides an interface between
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the airbag deployment sensor controller 34 and the airbag controller 20
without requiring any change in the functionality of the airbag crash
controller 20.

The airbag controlier 20 has two functions used by the simulated
airbag squib 36. The first function is to periodically test the functionality of all
squibs, real or simulated, by determining the resistance of each squib, which
is nominally two ohms. If the resistance is substantially off nominal, the
airbag associated with a particular squib is indicated by a warning light to be
in need of maintenance. The second function that the airbag controller 20
performs is to send a current pulse to each airbag squib when the airbag
controller determines an airbag should be deployed. The simulated squib 36
uses the first function to communicate a fault in the deployment sensor 30 or
the airbag deployment sensor controller 34 to the airbag controller 20, by
causing the simulated squib 36 to fail the periodic testing function. The
simulated squib 36 uses the second function to derive a start signal from the
airbag controller 20 which is transmitted to the airbag deployment sensor 30
or deployment sensor controller 34. Airbag modules often contain more than
one squib which can be fired simultaneously to deploy the airbag. The
simulated squib 36 is, for example, connected to be fired simultaneously with
the airbag deployment squid 22. The squib fire current supplied to the
simulated squib 36 is detected and sent as a signal to the airbag deployment
sensor 30 or the airbag deployment controller 34.

An important requirement for the simulated squib 36 is that it does not
cause any interference or fault in the airbag controller. This requirement is
accomplished by isolating portions of the circuit 42 forming the simulated
squib 36 that connect to the airbag deployment sensor controller 34. As
shown in FIG. 1, the igniter of a squib is simulated by a resistive load 44
formed by resistors R4 and R3 of one ohm each, and having a combined
nominal resistance of two ohms, and which are connected between the first
squib initiation line 38 and the second squib initiation line 40.

A fault indicating circuit 45 sends a fault signal to the airbag

controller 20. The fault indicating circuit 45 has a switch formed by a field
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effect transistor Q1 which is connected between the second or low side squib
initiation line 40 and the resistive load 44 so that the source of Q1 is
connected to the second squib initiation line 40 and the drain of Q1 is
connected to the resistive load 44. The field effect transistor Q1 will
preferably have an extremely low Rps(on), and a low drive requirement, for
example, Fairchild part NDT 3055L may be used. The low on resistance
means that when the field effect transistor Q1 is powered, the load across the
first squib initiation line 38 and the second squib initiation line 40 will be
substantially that of the resistive load 44.

The field effect transistor Q1 gate is connected to a photovoltaic
isolator 46 such as, for example, Toshiba part number TLP191B. This type of
optical isolator allows both signal and power to be transmitted between the
first side 48 and the second side 50. The first side 48 of the optical isolator 46
comprises a photo-diode array 52, the anode of which is connected to form a
first current loop 58 with the field effect transistor Q1 gate. Sufficient power
can be transmitted between a light-emitting diode 54 and the photo-diode
array 52 to turn on Q1. The cathode of the photo-diode array 52 is connected
to the low side line 40. A resistor 56 is arranged within the optical isolator in
parallel with the photo-diode array 52 to drain voltage from the transistor Q1
gate to assure rapid opening of the field effect transistor Q1 when the light-
emitting diode 54 is turned off. The light-emitting diode 54 is part of a second
current loop 60 between a voltage source VCC and GND and includes R2
with a nominal value of 180 ohms. A second field effect transistor Q2 with a
very high transconductance and low input leakage such as, for example,
Fairchild part 2N7002, is connected by the transistor's drain to the light-
emitting diode 54 and with its source connected to ground through R1 with a
nominal value of 100 K ohms.

A control signal source line 62 is connected to the gate of Q2 and
controls the flow of current through the light-emitting diode 54. When Q2 is
turned on by a control signal on line 62 the flow of current to ground
through Q2 and the second current loop causes the light-emitting diode 54

to emit light which causes a current flow in the first current loop that
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turns on Q1. When Q1 is on and the airbag controller 20 tests the simulated
squib 36, it detects the nominal resistive load 44 and does not indicate a fault.
On the other hand, if Q1 is not turned on, an open circuit is seen and a fault is
indicated. If power is not supplied to the voltage source VCC, or if no control
signal is generated on line 62, then Q1 will not turn on, and no power will be
transmitted to the photovoltaic isolator 46 and Q2 will remain off, thus without
power or control signal a fault will be indicated to the airbag controlier 20.

An alternative fault indicating circuit 64 is shown in FIG. 2. The
alternative circuit 64 has a switching transistor Q3 similar to Q2 which, when
turned on, does not indicate a fault but when turned off or not powered does
indicate a fault. In the circuit 64 a first current loop connects to the base or
gate of Q3 through a diode D1 to a first half 66 of a ferrite isolation
transformer 68. The second half 70 of the isolation transformer 68 forms a
second current loop electrically which includes a capacitor C3, the second
current loop is isolated from the first current loop and is connected to pair of
transistors Q4 and Q5 arranged between a voltage source VCC and
ground GND. The pair of transistors Q4 and Q5 form an amplifier 74 that
amplifies a 100 kHz square signal from a control signal line 72. In the
alternative fault indicating circuit 64 when a signal is supplied from the
deployment sensor controller 34 in the form of a 100 kHz square wave, the
100 kHz signal is amplified and drives an alternating current through one
side 70 of the isolation transformer 68. An alternating voltage in the one
side 70 of the isolation transformer 68 causes a flow of current through the
second side 70 which is connected to a diode which rectifies the generated
AC current. The rectified current is applied to the base or gate of Q3 turning
the transistor switch on. A capacitor C1 smooths the voltage in the first
current loop and a resistor R10 discharges voltage applied to the base or gate
of Q3 to the low side line 40 when the transformer 68 is not energized.

The second function performed by a second part 41 of the circuit 42 is
to supply an airbag deployment indicator signal to the airbag deployment
sensor controller 34 when the airbag controller sends a squib initiation signal

to the simulated squib 36. This second function is performed through an
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isolator 76 such as a photo isolator, as shown in FIG. 1 for example a
Fairchild semiconductor 4N35.S. The isolator has a light-emitting diode 78
that is connected in parallel with the resistive load 44. When the current
pulse is applied by the airbag controller to the resistive load 44, a greatly
diminished pulse voltage is applied to the light-emitting diode 78 through
resistors R5 and R6 which have a value of 100 ohms. A capacitor C2 of, for
example, 0.47 microfarads, is connected in parallel across the resistive

load 44 and between R5 and R6 to shunt high-frequency voltage variations,
and a zener diode D2, such as a Vishay Semiconductors part

No. BZT52C5V6 is also connected in parallel across the resistive load 44 and
between R5 and R6 to control voltage variations.

The light-emitting diode 78 of the isolator 76 emits infrared light when a
squib initiation current is applied to the resistive load 44. The infrared light
interacts with the base of a silicon phototransistor 80 within the isolator 76,
turning it on. The base is connected to ground GND through a resistor R7 of
nominal value 1 Mohms. The phototransistor 80 collector is connected to
voltage source VCC, through a resistor R8 with a nominal value of 2.2 Kohms
and the emitter is connected to ground GND. An output signal line 82 is
connected to the collector of the phototransistor 80 so that when the voltage
source is switched to ground, the output signal line 82 goes low, providing a
signal indicating that the airbag controller 20 has sent a squib initiation signal
to the simulated squib 36. The output of the signal line 82 is supplied to the
airbag deployment sensor controller 34.

It should be understood that the circuit 42 can be used with any
electrical components which are used in association with an airbag, the circuit
providing by way of the simulated squib 36 a fault indication to the airbag
controller 20, from the electrical components, and then communicates to the
electrical components a squib initiation signal from the airbag controller. The
squib initiation signal from the airbag controller can be identical with or at a
fixed time differential with respect to an airbag squib. Typically the circuit 42
will be used with airbag deployment sensors which sense airbag deployment

and upon certain conditions vents an airbag, or otherwise modifies the
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deployment sequence of an airbag. Of course the circuit 42 can also be used
with other known safety equipment, or later developed safe equipment which
employs a squib initiated by the airbag controller 20. An airbag controller
should be understood to include any vehicle mounted controlier that initiates
squibs forming part of the safety equipment of a vehicle.

It should be understood that when the first field effect transistor Q1 is
off, the effect is that there is a substantially open circuit between the first line
and the second line. However, the basic requirement is that the resistance be
substantially greater than that a nominal squib; e.g.: if nominal squib
resistance is two ohms resistance, “substantially greater” might include four or
ten ohms, the requirement being that the simulated squib be out of spec and
be detected as a fault by the airbag controller, and further and the fault be

reported by the airbag controller to the vehicle occupant.
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CLAIMS:

1. An electronic circuit comprising:

an airbag controller (20) having a first squib initiation line (38) and a
second squib initiation line (40);

a simulated airbag squib (36) having a squib simulative resistive load
(44) connected between the first squib initiation line (38) and the second squib
initiation line (40);

a squib activation detection circuit having a first part connected in
parallel to the resistive load (44), and a second-part electrically isolated from
the first part and in signal receiving relation to the first part; and

an airbag controller fault indicating circuit (45) connected in series with
the resistive load (44), the fault indicating circuit (45) having a first part
containing a switch (Q1) to alternatively connect or isolate the resistive load
(44) from the airbag controller (20), and the fault indicating circuit (45) having
a second part electrically isolated from the first part, and in signal and power

transmitting relation to the first part.

2. An electronic circuit according to claim 1 wherein the second part of
the squib activation detection circuit is isolated from the first part of the squib

activation detection circuit by a photo isolator (76).

3. An electronic circuit according to claim 2 wherein the photo isolator
(76) has a light-emitting diode (78) forming an input side of the first part, and
the second part forms an output side having a phototransistor (80) with a base
in light receiving relation to the light-emitting diode (78), the phototransistor
(80) having a collector connected to a voltage source and an emitter
connected to a ground, and having an output signal line (82) connected to the
collector, so that when the voltage source is switched to ground the output

signal line goes low.
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4. An electronic circuit according to claim 1 further comprising a field
effect transistor (Q1) having a gate, a drain and a source, wherein the gate is
connected to a control signal source, and wherein the drain and the source

forming the second part the fault indicating circuit (45).

5. An electronic circuit according to claim 1 wherein the squib
activation detection circuit includes a zener diode (D2) connected in parallel
with the resistive load (44).

6. An electronic circuit according to claim 1 wherein the squib
activation detection circuit includes a capacitor (C2) connected in parallel with
the resistive load (44).

7. An electronic circuit according to claim 1 wherein the switch is a
field effect transistor (Q2) having a gate, and wherein the isolation of the first
part of the fault communication circuit from the second part is by an optical
isolator having a light-emitting diode forming part of the second part and a
series connected photodiode array (52) forming part of the first part, the series
connected photodiode array (52) +being connected to the gate of the field

effect transistor (Q1).

8. An electronic circuit according to claim 1 wherein the isolation of the
first part of the fault communication circuit from the second part is by an
isolation transformer (68), the isolation transformer (68) having a first half
connected to a rectifying diode which is connected to the switch, and wherein
the isolation transformer (68) has a second half which is connected to an AC

amplifier (74).

9. An electronic circuit according to claim 8 wherein the electronic
switch is a transistor (Q3) having a gate, a drain and a source and wherein
the drain and the source form a path of resistance substantially lower than the

squib simulative resistive load (44) when the transistor is turned on, and
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wherein the gate is connected through the diode to the first haif (66) of the

isolation transformer (68).
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