
1 AN ACCELERATION SENSITIVE SWITCH Field of the
Invention The present invention relates to an
acceleration sensitive switch, more  particularly, to
a switching arrangement with a variable capacitor that
is sensitive to  acceleration. Background
Acceleration switches are designed to issue a signal
when a threshold acceleration value is detected.
Acceleration switches are widely used in air bag
systems  10 to detect the sudden deceleration of a
vehicle during crash. Acceleration switches are
usually mechanical switches having a spring-loaded
mass that makes contact with an  electrode, thus
acting as a switch, when subjected to acceleration
greater than a  predetermined threshold value of
acceleration. Today, acceleration switches are
commonly manufactured using micromachining. 15 US
Patent No. 6,336,658B1 discloses an acceleration
switch having a first and  second inertia mass where
the second inertia mass is lighter than the first
inertia mass. A  pair of torsion bars connect to the
first inertia mass and act as a. turning shaft for the
first  inertia mass. The acceleration switch also has
a pair of electrodes. formed on a substrate 20 facing
the second inertia mass. When acceleration of a
predetermined value or greater is  applied to the
acceleration switch, the second inertia mass moves
into contact with the  pair of electrodes to act as a
switch. US Patent No. 6,236,005B1 discloses an
acceleration switch having an inertia  25 mass and an
electrode element that are pivoted about an axis of a
spring element that connects the inertia mass and the
electrode element to a housing. When the switch is
subject to acceleration greater than a predetermined
value, an electrical contact point on  the electrode
element touches a corresponding contact area in the
housing, so that an  electrical signal is provided to
indicate that the predetermined value of acceleration
is  



30 exceeded. 2  The threshold value of acceleration
will depend on the physical parameters of the switches
such as the stiffness of the torsion bar or the spring
element, the inertia mass,  and the distance between
the contacting electrodes. The threshold value of the
switches  described in these publications is generally
difficult to adjust once the switches are made. 5 To
overcome the limitation in adjusting the threshold
value, various  configurations of acceleration switch
are proposed where the threshold value is adjustable
by changing electrode voltage. US Patent No. 5,905,241
discloses an acceleration switch  that uses
snap-through buckling phenomenon of a bimorph beam to
displace a movable 10 electrode into contact with
another electrode at a fixed distance when a threshold
acceleration force is experienced. EP Patent
Application 0924730A1 discloses an  acceleration
switch equipped with an inertial mass that is
deflectable from a holding  position to an actuated
position in response to a predetermined acceleration
force. A  voltage controlled hold plate generates an
electrostatic force that opposes the acceleration 1s
forces and holds the inertial mass in the holding
position until overcome by the  predetermined
acceleration force. In both cases, the predetermined
acceleration force  necessary to trigger the switch
can be adjusted by adjusting the electrode voltage or
the  voltage applied to the hold plate. 20 However,
the above switches involve at least one electrical
contact that is formed  with metal and may be
subjected to problems such as micro-welding, arcing,
and  oxidation, which may cause failure of the
switches. US Patent Application 2004/0161869A1
discloses a contactless acceleration  25 switch
without metal contacts as shown in Fig. 1. The
acceleration switch 100 comprises a mass 112 attached
to a spring 114, a substrate layer 102 with a
threshold adjustment  channel 108 located between a
source 104 and a drain 106 thereon, and a gate
insulating  layer 120 located above the substrate
layer 102,. The threshold adjustment channel 108,  



the source 104, and the drain 106 are implanted in the
substrate layer 102 positioned at a 30 predetermined
distance from the mass 112. The mass 112 operates as a
moveable gate in  combination with the source 104 and
the drain 106 to form a field effect transistor (FET).
When acceleration level exceeds a threshold
acceleration value, an electric field may form 3
between the mass 112 and the substrate layer 102,
creating an electrostatic force that  attract the mass
112 to the substrate layer 102. The mass 112 moves
towards the substrate  layer 102 to a position of
critical distance at which point the electrostatic
force exceeds a  spring force created by the spring
114. The mass 112 may suddenly contact the gate s
insulating layer 120 and the strength of the electric
field reaches a maximum level, thus  inverting the
threshold adjustment channel 108 and allowing current
to flow between the  source 104 and the drain 106,
which turn on the FET. One problem with the switch 100
is that a substantially constant voltage in the range
from less than five volts for low  acceleration, to
hundreds of volts for large acceleration range
devices, has to be applied  io between the mass 112
and the substrate layer 102. It is an object of the
present invention to provide an acceleration-sensitive
switch  that overcomes or ameliorates one or more of
the disadvantages of the prior art or which  at least
provides a useful alternative. 15 Summary of the
Invention Accordingly, in a first aspect, the present
disclosure provides an acceleration  sensitive
switching arrangement comprising: an acceleration
sensitive variable capacitor; 20 a detection circuit
for detecting a capacitance value of the variable
capacitor; and  a switching circuit responsive to a
comparison between the detected capacitance and a
threshold value. The variable capacitor preferably
comprises a base with at least one first  electrode
thereon and a mass forming a second electrode
resiliently suspended by at least  



25 one spring a first predetermined distance from the
base. The spring applies a first force to  the mass in
a direction away from the base. The first electrode is
preferably adapted to provide an electrostatic
attractive  force to the mass, the attractive force
being inversely proportional to the distance between
the electrode and the mass. 30 The detection circuit
preferably comprises a voltage supply and a resistive
load.  The voltage supply is preferably an alternating
voltage supply. 4  The switching circuit preferably
comprises a differential amplifier providing a first
input voltage and a potentiometer providing a second
input voltage to an electronic  switch. The first
input voltage corresponds to the detected capacitance
and the second  input voltage corresponds to the
threshold value. The electronic switch is preferably 5
triggered positive upon the second input voltage
becomes larger than the first input  voltage. The
threshold value is preferably variable by adjusting
the potentiometer to  change the second input voltage.
In a second aspect, the present disclosure provides an
acceleration sensitive  10 variable capacitor
comprising: a base with at least one first electrode
thereon; a mass forming a second electrode resiliently
suspended by at least one spring a  first
predetermined distance from the base, the spring
applying a spring force to the mass  in a direction
away from the base; and 15 the first electrode being
adapted to provide an electrostatic attractive force
to the  mass, the attractive force being inversely
proportional to the distance between the first
electrode and the mass, wherein the attractive force
overcomes the spring force and draws the mass  towards
the base upon the mass being moved, due to
acceleration, to within a second  20 predetermined
distance from the base. 



In a first aspect of the capacitor, the mass
preferably includes at least one spacer  formed on the
surface facing the base. The spacer is preferably
electrically insulated so  as to prevent the mass to
form electrical contact with the first electrode when
the mass  moved to the second predetermined distance.
25 In a second aspect of the capacitor, a layer of
insulator is preferably formed on  the first electrode
separating the mass and the first electrode when the
mass moved to the  second predetermined distance. In a
third aspect of the capacitor, at least one third
electrode is preferably formed  on the base, adjacent
to the first electrode, and having same electrically
potential with the  30 mass. The spacer preferably
comes into contact with the third electrode when the
mass  moved to the second predetermined distance. 5
Preferably, the capacitance of the capacitor increases
to a maximum upon the mass moved to the second
predetermined distance, indicative of the capacitor
undergoing  a predetermined level of acceleration. The
maximum capacitance of the capacitor being variable,
most preferably by  s changing voltage supplied to the
first electrode and the mass, so as to vary the level
of  acceleration required to move the mass to the
second predetermined distance. The capacitance between
the first electrode and the mass is preferably
measured  by a detection circuit comprising a voltage
supply and a resistive load. 10 Brief Description of
the Drawings At least one embodiment of the invention
will now be described, by way of  example only, with
reference to the accompanying drawings in which: Fig.
1 is a schematic view of a prior art acceleration
switch; Fig. 2 is. a schematic block diagram
representation of a switching arrangement  15
according to the present disclosure; Fig. 3 is an
electrical schematic diagram of the acceleration
sensitive switching  arrangement in accordance with a
preferred implementation, and 



Figs. 4-6 are each schematic views of variable
capacitors useful in the  arrangement of Fig. 3. 20
Detailed Description including Best Mode Fig. 2 shows
an acceleration sensitive switching arrangement 208.
The  switching arrangement 208 comprises an
acceleration sensitive variable capacitor 200, a
detector 202, and a switching circuit 204. The
capacitance of the variable capacitor 200 is 25
configured to change when the capacitor 200 is exposed
to acceleration. The detector 202  includes a
detecting circuit for detecting the capacitance of the
capacitor 200 and  outputting a corresponding
electrical signal, such as voltage, to the switching
circuit 204.  The switching circuit 204 compares the
electrical signal to a threshold value. As such,  when
a value of capacitance corresponds to a threshold
value of acceleration is measured 30 by the detector
200, the switching circuit 204 will be triggered to
issue an output 206, 6  which is an electrical signal.
The electrical signal may be sent to a controller for
further  processing. Fig. 3 shows an electrical
circuit 225 in which a variable capacitor 210, which
5 will be discussed in more detail later, is connected
to a detector 211. The detector 211 includes an AC
source 214 and a known load 212, which is typically
resistive. The  voltage across the load 212 is
related, according to Ohm's law, to the capacitance of
the  capacitor 210. The voltage is input to a
differential amplifier 216 to obtain a single output
217, which is subsequently provided to a first input
of an electronic switch 220. The io switch 220 also
receives a second input signal, which is a
predetermined threshold  voltage 219 obtained from a
potentiometer 218. The switch 220 compares the two
input  voltage values, 217 and 219, and will be
triggered positive if the voltage 217 is larger  than
the threshold voltage 219 upon the second input. The
threshold voltage 219 set by  the potentiometer 218
can be adjusted so that the switch 220 will respond to
a different is value of maximum capacitance, which is
associated to threshold value of acceleration  



experienced by the capacitor 210. Fig. 4 shows a
schematic view of a first configuration of an
acceleration  sensitive variable capacitor 230. The
variable capacitor 230 comprises a base 232 with an 20
electrode 238 thereon and a proof mass 234 forming a
second electrode resiliently  suspended by a spring
240. The spring 240 applies a spring force 242 to the
mass 234 in  a direction away from the base 232.. The
spring force 242 varies linearly relative to the
extension of the spring 240. The AC source 214 in the
detector 211 supplies an  alternating voltage between
the mass 234 and the electrode 238, thereby forming a
25 capacitor. The electric field formed between the
mass 234 and the electrode 238 will  create an
electrostatic attractive force 244 that draws the mass
234 towards the base 232.  The electrostatic
attractive force 244 increases exponentially. as the
space between the  mass 234 and the electrode 238
reduces. 30 When the capacitor 230 is not in motion or
there is no acceleration, the spring  force 242 is
larger than the electrostatic attractive force 244 and
thus, the mass 234 is  resiliently suspended at a
stable position away from the base 232. If the
capacitor 230 7  starts to move in a direction A, away
from the plane of the base 232 towards the mass  234,
the capacitor 230 will experience acceleration in the
same direction. An acceleration  force 246 associated
with the acceleration will act upon the mass 234 and
move the mass  towards the base 232. When the mass 234
is moved by the acceleration force 246 a 5 distance
away from the stable position towards the base 232,
the spring force 242 of the  spring 240 increased
linearly while the electrostatic attractive force 244
increased  exponentially relative to the distance.
There is a critical distance away from the stable
position where the spring force 242 and the
electrostatic attractive force 244 increase at .a
same rate. Below the critical distance, the
electrostatic force 244 increases at a lower rate 10
than the spring force 242, resulting a positive
effective spring force. If the acceleration  force 246
is less than the positive effective spring force, the
mass 234 will be pulled back  to the stable position
by the positive effective spring force once the
acceleration force 246  



is removed. If the acceleration force 246 is large
enough to move the mass 234 to the  critical distance,
the acceleration force 246 will continue to move the
mass 234 further 15 towards the base 232 into a
position where the electrostatic attractive force 244
overcomes the spring force 234 and draws the mass 234
towards the electrode 238. Fig. 4 also shows, arranged
on the mass 234, at least one spacer 236 formed on
the surface facing the base 232. The spacers 236 are
electrically insulating and are 20 configured to come
into contact with the electrode 238 when the
electrostatic attractive  force 244 draws the mass 234
close to the electrode 238. The insulated spacers 236
prevent the mass 234 from touching the electrode 238
so that the, capacitor formed  thereby will not
short-circuit and to avoid any attractive binding
between the mass 234  and the electrode 238 that might
otherwise occur. The capacitance between the mass 234
25 and the electrode 238 reaches a maximum when the
spacers 236 are in contact with the  electrode 238. A
maximum voltage output from the differential amplifier
216  corresponds to the maximum capacitance will be
detected as described earlier. As the maximum voltage
is larger than the threshold voltage 219 obtained from
the  potentiometer 218, the electronic switch 220 will
be triggered. 30 The mass 234 will stay at the
position where the spacers 236 are in contact with
the electrode 238, even if the acceleration force is
removed, because the electrostatic 8  attractive force
244 is larger than the spring force 242. The
capacitance is always kept at  a maximum and the
electronic switch 220 is turned on continuously once
the capacitor  230 has experienced acceleration larger
than a threshold value, even if the acceleration  only
exceeded the threshold value for a short duration. To
tam off or reset the switching  arrangement 208, a
zero voltage is applied to the capacitor 230 via the
source 214, where  the electrostatic attractive force
244 is removed. The spring force 242 will pull the
mass  234 away from the base 232, releasing the
contact between the spacers 236 and the  electrode
238. 



10 It is known that the electrostatic attractive force
244 is a function of the voltage  applied to the
capacitor 230, and also that the displacement of the
mass 234 from the  stable position is a function of
the strength of the electrostatic attractive force
244. This  provides an alternative way to control the
acceleration sensitivity of the capacitor 230 by
changing the alternating voltage of the AC source 214
of Fig. 3 instead of adjusting the 15 threshold
voltage 219 obtained from the potentiometer 218. This
is achieved by  connecting the source 214 to the
potentiometer 218 through an AC-DC rectifying supply.
A higher alternating voltage from the source 214
results in stronger. electrostatic attractive  force
244, hence lower threshold value of acceleration. To
obtain higher threshold value  of acceleration, a
lower voltage is therefore used for the AC source 214.
20 Fig. 5 shows another variable capacitor 250. The
variable capacitor 250 is  similar to that of Fig. 4
except that the proof mass 234 has no spacers 236 on
the surface  facing the base 232. To prevent the mass
234 and the electrode 232 from short-circuit, an
insulating layer 252 is deposited on top of the
electrode 238. The insulating layer 252 25 provides a
non-metal contact between the mass 234 and the
electrode 232. The non-metal  contact eliminates
problems such as micro-welding, arcing, and oxidation.
The thickness  of the insulating layer 252 provides a
minimum gap between the mass 234 and the  electrode
232, which gives a maximum capacitance when the mass
234 is in contact with  the insulating layer 252. 30.
. Fig, 6 shows another variable capacitor 260. In this
arrangement, in addition to  the first electrode 238
and the proof mass 234 forming a second electrode,
there is at least 9  one third electrode 262 deposited
on the base 232 adjacent to the first electrode 238
and  facing the spacers 236. The spacers 236 need not
be insulated. The third electrodes 262  are
electrically connected to the mass 234 so that the
electrical potential of the third  electrodes 262 and
the mass 234 are the same. When the electrostatic
attractive force 244 



5 draws the mass 234 towards the base 232, the spacers
236 come into contact with the  third electrodes 262
preventing contact between the mass 234 and the first
electrode 238  and leaving an air gap in between the
two. Since the spacers 236 are small, the contacting
area is minimized and by having a same electrical
potential with the mass 234, the  binding problem of
Fig. 4 is avoided. 10 Although the invention has been
described with reference to preferred  embodiments, it
will be appreciated by those persons skilled in the
art that the invention  may be embodied in many other
forms. 10 Claims: 1. An switching arrangement
sensitive to acceleration, the switching arrangement
comprising: 5 an acceleration sensitive variable
capacitor; a detection circuit for detecting a
capacitance value of the variable capacitor; and  a
switching circuit responsive to a comparison between
the detected capacitance  and a threshold value. 10 2.
The switching arrangement of claim 1, wherein the
variable capacitor comprises a  base with at least one
first electrode thereon and a mass forming a second
electrode  resiliently suspended by at least one
spring a first predetermined distance from the base.
.3. The switching arrangement of claim 2, wherein the
spring applies a first force to the  15 mass in a
direction away from the base. 4.. The switching
arrangement of claim 2, wherein the first electrode is
adapted to  provide an electrostatic attractive force
to the mass, the attractive force being inversely
proportional to the distance between the electrode and
the mass. 20 5. The switching arrangement of claim 1,
wherein the detection circuit comprises a  voltage
supply and a resistive load. 



6. The switching arrangement of claim 5, wherein the
voltage supply is an alternating  25 voltage supply.
7. The switching arrangement of claim 1, wherein the
switching circuit comprises a  differential amplifier
providing a first input voltage and a potentiometer
providing a  second input voltage to an electronic
switch. 30 8. The switching arrangement of claim 7,
wherein the first input voltage corresponds  to the
detected capacitance and the second input voltage
corresponds to the threshold  value. 11  9. The
switching arrangement of claim 8, wherein the
electronic switch is triggered  positive upon the
second input voltage becomes larger than the first
input voltage. 10. The switching arrangement of claim
8, wherein the threshold value is variable by  5
adjusting the potentiometer to change the second input
voltage. 11. An acceleration sensitive variable
capacitor comprising- a base with at least one first
electrode thereon; a mass forming a second electrode
resiliently suspended by at least one spring a  10
first predetermined distance from the base, the spring
applying a spring force to the mass  in a direction
away from the base; and the first electrode being
adapted to provide an electrostatic attractive force
to the  mass, the attractive force being inversely
proportional to the distance between the first
electrode and the mass, is wherein the attractive
force overcomes the spring force and draws the mass
towards the base upon the mass being moved, due to
acceleration, to within a second  predetermined
distance from the base. 12. The acceleration sensitive
variable capacitor of any one of claims 11, wherein
the  20 , mass includes at least one spacer formed on
the surface facing the base. 13. The acceleration
sensitive variable capacitor of claim 12, wherein the
spacer is  



electrically insulated so as to prevent the mass to
form electrical contact with the first  electrode when
the mass moved to the second predetermined distance.
25 14. The acceleration sensitive variable capacitor
of claim 11, wherein a layer of  insulator formed on
the first electrode separating the mass and the first
electrode when the  mass moved to the second
predetermined distance. 30 15. The acceleration
sensitive variable capacitor of claim 11, wherein at
least one third  electrode is formed on the base,
adjacent to the first electrode, and having same
electrically potential with the mass. 12  16. The
acceleration sensitive variable capacitor of claim 15,
wherein the spacer comes  into contact with the third
electrode when the mass moved to the second
predetermined  distance. 5 17. The acceleration
sensitive variable capacitor of any one of claims 11
to 16, wherein  the capacitance of the capacitor
increases to a maximum, indicative of the capacitor
undergoing a predetermined level of acceleration, upon
the mass moved to the second  predetermined distance.
10 18. The acceleration sensitive variable capacitor
of claim 17, wherein the maximum  capacitance of the
capacitor being variable so as to vary the level of
acceleration required  to move the mass to the second
predetermined distance. 19. The acceleration sensitive
variable capacitor of claim 18, wherein the maximum
15 capacitance of the capacitor is variable by
changing voltage supplied to the first electrode  and
the mass. 20. The acceleration sensitive switch of
claim 19, wherein the capacitance between the  first
electrode and the mass is measured by a detection
circuit comprising a voltage  20 supply and a
resistive load. 


