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(54) VEHICLE DOOR LATCH

(57) 1. Vehicle door latch (1) for a motor vehicle (2)
and configured to receive a main supply voltage (Vbatt)
from a main power source (8) of the motor vehicle (2)
during a normal operating condition, comprising
a supercapacitor group (3) configured to store energy
during the normal operating condition and to provide a
backup supply voltage (Vsc) during a failure operating
condition different from the normal operating condition,
an electric motor (4) configured for actuating the Vehicle
door latch (1) based on the main supply voltage (Vbatt)
during the normal operating condition and on the backup

supply voltage (Vsc) during the failure operating condi-
tion, and
a four-quadrant controller (5) comprising four switches,
whereby each two switches form a series circuit with the
electric motor (4) connected to an intermediate point be-
tween the two switches and the two series circuits are
connected in parallel, whereby
during the failure operating condition the four-quadrant
controller (5) is operated with the backup supply voltage
(Vsc).
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Description

Technical Field

[0001] The invention relates to a vehicle door latch for
a motor vehicle and configured to receive a main supply
voltage from a main power source of the motor vehicle
during a normal operating condition, a supercapacitor
group configured to store energy during the normal op-
erating condition and to provide a backup supply voltage
during a failure operating condition different from the nor-
mal operating condition and an electric motor configured
for actuating the vehicle door latch based on the main
supply voltage during the normal operating condition and
on the backup supply voltage during the failure operating
condition.

Background Art

[0002] Several automotive systems require the pres-
ence in a vehicle of a backup energy source, to provide
electrical energy in substitution, or as an aid to a main
power supply of the vehicle, in case of failure or interrup-
tion of the same main power supply. Such backup power
source is usually kept in a charged state during normal
operation, by the main power supply of the vehicle, so
as to be readily available as soon as the need arises, for
example in case of an accident or crash of the vehicle.
[0003] US 2015/329009 A1 describes a backup energy
source for an automotive system in a motor vehicle which
is designed to receive a main supply voltage, during a
normal operating condition, and to provide a backup sup-
ply voltage during a failure operating condition, different
from the normal operating condition. The backup energy
source has a control unit, and a supercapacitor group,
operable by the control unit to store energy during the
normal operating condition and to provide the backup
supply voltage during the failure operating condition. A
diagnostic module is coupled to the supercapacitor group
to provide the control unit with information concerning an
operating status of the supercapacitor group.
[0004] A power unit of the backup energy source in-
cludes a boost module, which provides at its output a
boosted voltage as a function of a supercapacitor voltage
feeding the automotive system during the failure operat-
ing condition. Providing such boost module makes the
solution expensive and subject to failures in particular in
the failure operating condition.

Summary of invention

[0005] It is therefore an object of the invention to pro-
vide an easy, cheap and reliable solution for feeding a
vehicle door latch with a backup supply voltage during a
failure operating condition.
[0006] The object of the invention is solved by the fea-
tures of the independent claims. Preferred implementa-
tions are detailed in the dependent claims.

[0007] Thus, the object is solved by a vehicle door latch
for a motor vehicle and configured to receive a main sup-
ply voltage from a main power source of the motor vehicle
during a normal operating condition, comprising

a supercapacitor group configured to store energy
during the normal operating condition and to provide
a backup supply voltage during a failure operating
condition different from the normal operating condi-
tion,
an electric motor configured for actuating the vehicle
door latch based on the main supply voltage during
the normal operating condition and on the backup
supply voltage during the failure operating condition,
and
a four-quadrant controller comprising four switches,
whereby each two switches form a series circuit with
the electric motor connected to an intermediate point
between the two switches and the two series circuits
are connected in parallel, whereby
during the failure operating condition the four-quad-
rant controller and/or the parallel connected series
circuits of switches are operated with the backup
supply voltage.

[0008] A key point of the invention is therefore that the
four-quadrant controller is ’booster-less’ connected to the
supercapacitor group i.e. the backup supply voltage is
not increased for operating the electric motor. Thus, the
proposed vehicle door latch can be much simpler and
cheaper implemented, not requiring any additional parts
for boosting the backup supply voltage in the failure op-
erating condition. The failure operating condition occurs
in case of failure of the main power supply of the vehicle,
or in case of interruptions or breaking of an electrical
connection between the main power supply and vehicle
doors operated by the vehicle door latch, for example in
case of an accident or crash involving the vehicle. In con-
trast thereto the normal operating condition should be
understood as a mode in which the main power supply
provides the electrical energy for operating the electric
motor.
[0009] The main power source is preferably provided
as a battery of the motor vehicle for example delivering
12 or 24 V DC. During the normal operating condition the
main power source preferably charges the supercapac-
itor group. The motor vehicle and/or the vehicle door latch
may in this respect comprise a charge module, in partic-
ular controllable by a control unit described below, for
recharging the supercapacitor group, starting from the
main supply voltage, whenever power from the main sup-
ply voltage is available. The electric motor is preferably
configured for actuating the vehicle door latch in respect
to locking and unlocking a door of the motor vehicle.
[0010] More generally, the expression "vehicle door
latch" should be understood as a means for locking a
movable element between an open position and a closed
position, thereby opening and closing an access to an
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inner compartment of a motor vehicle, for example in-
cluding, boot, rear hatches, bonnet lid or other closed
compartments, window regulators, sunroofs, in addition
to the side doors of a motor vehicle. The proposed vehicle
door latch allows for complying with security and safety
regulations requiring opening for example of the vehicle
doors, even in case of failure of the main power supply
of the vehicle, or in case of interruptions or breaking of
the electrical connection between the main power supply
and the vehicle doors. Such kind of situation may occur,
for example, in case of an accident or crash involving the
vehicle.
[0011] The vehicle can be provided as an electrical ve-
hicle. The switch may be provided as MOSFET, in par-
ticular as p-channel MOSFET, or any other semiconduc-
tor switch known from prior art. The vehicle door latch
may comprise a housing, made of metal, plastics or a
combination thereof. The supercapacitor group, the elec-
tric motor and the four-quadrant controller are preferably
provided within the housing. The term connected to an
intermediate point between the two switches shall pref-
erably be understood that each two switches form a
branch, i.e. the series connection, while these two
branches are bridged by a third branch connected to the
intermediate points of the first two branches.
[0012] According to a preferred implementation the
parallel connected series circuits are booster-less con-
nected to the supercapacitor group. This means that the
four-quadrant controller is operated with the backup sup-
ply voltage, which may differ from the main supply volt-
age. Compared to prior art implementation, no boost re-
spectively increase of the backup supply voltage for ex-
ample towards the main supply voltage is required, thus
resulting in a much cheaper implementation as no boost
converter or the like is required.
[0013] In another preferred implementation the vehicle
door latch comprises a control unit configured for apply-
ing a pulse width modulated signal onto the four-quadrant
controller. Pulse width modulating the four-quadrant con-
troller means preferably that the four-quadrant controller
is switched based on pulse width modulated signals.
Pulse-width modulation, PWM, or pulse-duration modu-
lation, PDM, is generally understood as a method of re-
ducing an average power delivered by an electrical sig-
nal, by effectively chopping the signal up into discrete
parts. Particularly, the electric motor can be operated
based on such PWM signal by switching the backup sup-
ply voltage and/or the main supply voltage on and off. By
varying the pulse width of the PWM signal, the speed of
the electric motor can be controlled.
[0014] The control unit can be provided as a micro-
processor, microcontroller or analogous computing mod-
ule, configured to control operation of the four-quadrant
controller, in particular also based on a value of the main
voltage and/or of the backup supply voltage. Besides that
the control unit may be configured for connecting to other
controllers of the motor vehicle, such for example a con-
trol device of the motor vehicle.

[0015] The control unit can be further configured for
determining if the value of the main voltage decreases
below a predetermined threshold value so as to deter-
mine that an emergency condition respectively the failure
operating condition is occurring, when the supercapac-
itor group as backup energy source is needed. In this
respect the control unit may comprise an embedded
memory, for example a non-volatile random access
memory, coupled to a computing module, storing suitable
programs and computer instructions, for example in the
form of a firmware. The control unit may alternatively
comprise a logical circuit of discrete components to carry
out the functions of the computing module and memory.
[0016] In a further preferred implementation the control
unit is configured to receive a current signal from the four-
quadrant controller. Based on said current signal the con-
trol unit may determine a switching and/or operating sta-
tus of the switches and/or of the four-quadrant controller.
The control unit may, based on said current signal, detect
at least a value of the backup supply voltage, and to mon-
itor, during recharging the supercapacitor group, an
equivalent series resistance, ESR, and/or a value of ca-
pacitance of the supercapacitor group, based on said
recharging process.
[0017] In another preferred implementation the super-
capacitor group comprises at least a first supercapacitor
cell, preferably at least a first and a second supercapac-
itor cells, connected to each other, to jointly provide the
backup supply voltage. A supercapacitor cell, also re-
ferred to as supercapacitor, supercap, SC, or called an
ultracapacitor, is typically a high-capacity capacitor with
a capacitance value much higher than other capacitors,
but with lower voltage limits, that bridges the gap between
electrolytic capacitors and rechargeable batteries. The
supercapacitor typically stores 10 to 100 times more en-
ergy per unit volume or mass than electrolytic capacitors,
can accept and deliver charge much faster than batteries,
and tolerates many more charge and discharge cycles
than rechargeable batteries.
[0018] The supercapacitor cell comprises, when fully
charged, for example the voltage of 2,45 V. Thus, if the
first and the second supercapacitor cells are connected
to each other, the jointly provided backup supply voltage
equals 4,9 V. Preferably, at least two, two, three or four
supercapacitor cells are connected in series forming the
supercapacitor group. The vehicle battery preferably
comprises a voltage of 12 V. The motor vehicle and/or
the vehicle door latch may comprise a charge module,
controllable by the control unit, to recharge the superca-
pacitor group, starting from the main supply voltage,
whenever power from the main supply voltage is availa-
ble.
[0019] In a further preferred implementation, the four-
quadrant controller is provided as H-bridge and/or the
switches are provided as MOSFETs. Generally, a H-
bridge is an electronic circuit that switches the polarity of
a voltage applied to a load, here the main supply voltage
and/or the backup supply voltage as voltage and the elec-
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tric motor as load. By means of such H-bridge the electric
motor can be run forwards or backwards, for example for
locking or unlocking a door of the motor vehicle. The
name is derived from its common schematic diagram rep-
resentation, with four switches configured as branches
of a letter "H" and a load i.e. the electric motor connected
as the cross-bar. A solid-state H-bridge is typically con-
structed using opposite polarity switches, such as PNP
bipolar junction transistors or p-channel MOSFETs con-
nected to the main power source and n-channel MOS-
FETs connected to ground. Alternatively, p-channel or
n-channel MOSFETs can be used on both sides.
[0020] In another preferred implementation the parallel
connected series circuits are directly connected to the
supercapacitor group or comprising a connection switch
directly connected the parallel connected series circuits
and the supercapacitor group. Said connection switch is
preferably provided as MOSFET, in particular as p-chan-
nel MOSFET. The connection switch can be operated
for example by the connection switch for connecting the
supercapacitor group during the failure operating condi-
tion to the four-quadrant controller for operating the elec-
tric motor.
[0021] The object is further solved by a motor vehicle
comprising a vehicle door latch as described before and
the main power source, whereby the main power source
is connected to the parallel connected series circuits of
switches and/or to the four-quadrant controller.
[0022] Thus, during the normal operating condition, the
main power source operates for the four-quadrant con-
troller for actuating the electric motor for, for example,
locking and unlocking a door of the motor vehicle.
[0023] In another preferred implementation the motor
vehicle comprises a rectifier diode diode connected be-
tween the main power source and the parallel connected
series circuits of switches. An anode of the rectifier diode
diode is preferably connected to the main power source
and a cathode of the rectifier diode diode is preferably
connected to the four-quadrant controller respectively to
an other end of the parallel connected series circuits of
switches not connected to ground. The rectifier diode di-
ode is preferably provided as Schottky diode.
[0024] The object is further solved by a method for op-
erating a vehicle door latch of a motor vehicle, whereby
the vehicle door latch comprises

a supercapacitor group configured to store energy
received from a main power source of the motor ve-
hicle during a normal operating condition and to pro-
vide a backup supply voltage during a failure oper-
ating condition different from the normal operating
condition, and
a four-quadrant controller comprising four switches,
whereby each two switches form a series circuit with
an electric motor configured for actuating the vehicle
door latch connected to an intermediate point be-
tween the two switches and the two series circuits
are connected in parallel, comprising the step of:

Operating the four-quadrant controller during
the normal operating condition with the main
supply voltage, and
Operating the four-quadrant controller during
the failure operating condition with the backup
supply voltage.

[0025] With such method the electric motor of the ve-
hicle door latch can be operated during the normal op-
erating condition with the main supply voltage and during
the failure operating condition with the backup supply
voltage with requiring a boost converter of the like for
increase the backup supply voltage towards a level of
the main supply voltage.
[0026] Further implementations and advantages of the
vehicle door latch can be derived by the person skilled
in the art from the vehicle door latch as described above.

Brief description of drawings

[0027] These and other aspects of the invention will be
apparent from and elucidated with reference to the im-
plementation described hereinafter.
[0028] In the drawings:
Fig. 1 shows a schematic circuit diagram comprising a
supercapacitor group, an electric motor for actuating the
vehicle door latch and a four-quadrant controller of a ve-
hicle door latch according to a preferred implementation.

Description of implementations

[0029] Fig. 1 shows a schematic circuit diagram an only
schematically depicted vehicle door latch 1 of an only
schematically depicted motor vehicle 2. The motor vehi-
cle 2 includes for side doors, not shown, which are each
equipped with one vehicle door latch 1. Besides that the
vehicle door latch 1 can be associated to rear hatches,
bonnet lid or other closed compartments, window regu-
lators, sunroofs, in addition to the side doors of such mo-
tor vehicle 2.
[0030] The vehicle door latch 1 comprises a housing
made of plastic, metal or a combination thereof. The
housing houses arranged therein a supercapacitor group
3, electric motor 4 and a four-quadrant controller 5. The
motor vehicle 2 comprises a main power source 8 pro-
vided as standard vehicle battery known from prior art
and delivering a main supply voltage Vbatt of 12 V DC
during a normal operating condition.
[0031] The supercapacitor group 3 comprises a first
and a second supercapacitor cells 6 connected in series,
with the first supercapacitor cell 6 connected with its neg-
ative pole to ground. Each supercapacitor cell delivers,
when fully charged, a voltage of 2,45 V DC i.e. the su-
percapacitor group 3 delivers a backup supply voltage
Vsc of 4,9 V DC. Besides that more than two superca-
pacitors cells 6 can be connected in series and such wise
delivering a higher backup supply voltage Vsc.
[0032] The four-quadrant controller 5 is provided as H-
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bridge and thus comprises four switches, which are pro-
vided as n-channel MOSFETs. Each two switches form
a series circuit with one end connected to ground. The
electric motor 4 is connected with its first pole to a first
intermediate point between the first two serious connect-
ed switches and with its second pole a second interme-
diate point between the second two serious connected
switches. The two series circuits of switches are connect-
ed in parallel, with said one end connected to ground.
[0033] The other end of the parallel connected series
circuits of switches is connected via a connection switch
7 provided as p-channel MOSFET to the positive pole of
the second supercapacitor cell 6. Thus, the backup sup-
ply voltage Vsc is not increased by any boost converter
or the like i.e. the parallel connected series circuits are
booster-less connected to the supercapacitor group 3.
The other end is further connected via a rectifier diode
diode 9, which is provided as Schottky diode, to the main
power source 8.
[0034] During said normal operating condition the su-
percapacitor group 3 is charged by the main power
source 8 and the electric motor 4 is operated based on
the main supply voltage Vbatt delivered by the main pow-
er source 8. During a failure operating condition different
from the normal operating condition, for example during
a crash when the main power source 8 is disconnected
from the four-quadrant controller 5, the supercapacitor
group 3 delivers the backup supply voltage Vsc on which
the parallel connected series circuits of switches are op-
erated with for providing electrical energy to the electric
motor 4.
[0035] The vehicle door latch 1 further comprises a
control unit 10 provided as microprocessor, which is con-
figured for applying a pulse width modulated signal onto
the four-quadrant controller 5 for thereby operating the
electric motor 4 in forward and backward direction. The
control unit 10 is further configured to receive a current
signal from the four-quadrant controller 5 for thereby de-
termining a status of the four-quadrant controller 5 re-
spectively of the electric motor 4.
[0036] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the dis-closed implementations. Other
variations to be disclosed implementations can be un-
derstood and effected by those skilled in the art in prac-
ticing the claimed invention, from a study of the drawings,
the disclosure, and the appended claims. In the claims,
the word "comprising" does not exclude other elements
or steps, and the indefinite article "a" or "an" does not
exclude a plurality. The mere fact that certain measures
are recited in mutually different dependent claims does
not indicate that a combination of these measures cannot
be used to advantage. Any reference signs in the claims
should not be construed as limiting scope.

Bezugszeichenliste

[0037]

1 vehicle door latch
2 motor vehicle
3 supercapacitor group
4 electric motor
5 four-quadrant controller
6 supercapacitor cell
7 connection switch
8 main power source
9 rectifier diode diode
10 control unit
Vbatt main supply voltage
Vsc backup supply voltage

Claims

1. Vehicle door latch (1) for a motor vehicle (2) and
configured to receive a main supply voltage (Vbatt)
from a main power source (8) of the motor vehicle
(2) during a normal operating condition, comprising

a supercapacitor group (3) configured to store
energy during the normal operating condition
and to provide a backup supply voltage (Vsc)
during a failure operating condition different
from the normal operating condition,
an electric motor (4) configured for actuating the
Vehicle door latch (1) based on the main supply
voltage (Vbatt) during the normal operating con-
dition and on the backup supply voltage (Vsc)
during the failure operating condition, and
a four-quadrant controller (5) comprising four
switches, whereby each two switches form a se-
ries circuit with the electric motor (4) connected
to an intermediate point between the two switch-
es and the two series circuits are connected in
parallel, whereby
during the failure operating condition the parallel
connected series circuits of switches are oper-
ated with the backup supply voltage (Vsc).

2. Vehicle door latch (1) according to the previous
claim, whereby the parallel connected series circuits
are booster-less connected to the supercapacitor
group (3).

3. Vehicle door latch (1) according to any of the previ-
ous claims, comprising a control unit (10) configured
for applying a pulse width modulated signal onto the
four-quadrant controller (5).

4. Vehicle door latch (1) according to the previous
claim, whereby the control unit (10) is configured to
receive a current signal from the four-quadrant con-
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troller (5) .

5. Vehicle door latch (1) according to any of the previ-
ous claims, whereby the supercapacitor group (3)
comprises at least a first supercapacitor cell (6), pref-
erably at least a first and a second supercapacitor
cells (6), connected to each other, to jointly provide
the backup supply voltage (Vsc).

6. Vehicle door latch (1) according to any of the previ-
ous claims, whereby the four-quadrant controller (5)
is provided as H-bridge and/or the switches are pro-
vided as MOSFETs.

7. Vehicle door latch (1) according to any of the previ-
ous claims, whereby the parallel connected series
circuits are directly connected to the supercapacitor
group (3) or comprising a connection switch (7) di-
rectly connected the parallel connected series cir-
cuits and the supercapacitor group (3).

8. Motor vehicle (2) comprising a vehicle door latch (1)
according to any of the previous claims and the main
power source (8), whereby the main power source
(8) is connected to the parallel connected series cir-
cuits of switches.

9. Motor vehicle (2) according to the previous claim,
comprising a rectifier diode diode (9) connected be-
tween the main power source (8) and the parallel
connected series circuits of switches.

10. Method for operating a vehicle door latch (1) of a
motor vehicle (2), whereby the vehicle door latch (1)
comprises

a supercapacitor group (3) configured to store
energy received from a main power source (8)
of the motor vehicle (2) during a normal operat-
ing condition and to provide a backup supply
voltage (Vsc) during a failure operating condition
different from the normal operating condition,
and
a four-quadrant controller (5) comprising four
switches, whereby each two switches form a se-
ries circuit with an electric motor (4) configured
for actuating the Vehicle door latch (1) connect-
ed to an intermediate point between the two
switches and the two series circuits are connect-
ed in parallel, comprising the step of:

Operating the four-quadrant controller (5)
during the normal operating condition with
the main supply voltage (Vbatt), and
Operating the four-quadrant controller (5)
during the failure operating condition with
the backup supply voltage (Vsc).
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