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(57) Abstract: A vehicle ignition system includes a fob tor transmitting an identification code. The fob includes a low frequency
transceiver circuit and low frequency antenna. An ignition module is provided including, a housing, switch contacts and a push
button slidably mounted in the housing and arranged so that pushing of said button closes said switch contacts. A LF coil is pro-
vided and is axial Iy stationary within the housing and is located inside of the push button. An ignition module circuit provides
power to the fob and establishes low frequency communications with the fob via the LF coil. An immobilizer circuit is operatively
coupled to the ignition module for permitting or preventing actuation of the ignition system in response to the low frequency
Communications with the fob and the ignition module.



WO 2010/088136 PCT/US2010/021690

Las

[
fosr]

bl
2y

LEVLESS-GO IGNITION SWITOH WITH FAUELT BACKUP

Relsted Application

This application claims priovity from LLS, Lumley et al. Patent Application
Serial No. 127361839, filed January 29, 2009, the subtect matter of which s

meorporated hereby incorporated by reference in its entivety.

Technical Field

The present fnvention relates to s vehicle ignition system and is particelarly

=

directed to a keyless-go ignition switch assembly having a faukt backup capability.

Background

Vehicle iguition systems that use a unique, physical key to start the vehicle
engine are well known in the art. Also, clectrical key fobs for controlling locking

and unlocking functions of the vehicle doors arg known. Recently, vehick
keviess-go systems have been developed that inchude a fob carried by a vehicle
operator. As the aperator approaches the vehicle, the vehicle lock/unlocking
system detects the operator.

Authentication/identification betwaeen the vehicle systom and fob carried by

the operator IS ac m:smpiished “hands-free”, Lo, without the operator touching the

.

fob: Once inside the vehicle, i the fob carried by the operator is the correct fob

associated with that vehicle, the vehicle can be started with a simple push of a start

button, Le., oo form of a physical key need to be ried o s ignition switch ©
get the vehicls ignition started. Thus, such systems have become Known as,
“keyless-go™ ignition systems

As part of the verification process between the keyless-go ignition assembly
and the operator fob, the keyless-go assembly and the fob communicate via radio
signals to verify identification ("ID7) codes. For example, the fob may send a
coded 1D signal via a radio signal to the keyless-go ignition &ssembiy The
keyiess-go ignition assembly will determine i the received 1D code is g valid 1D
from a fob associated with that vehicle, I the 1D code is a valid code, as
;

determined via a comparison against a prestored code, the ignition assembly will

allow the vehicle engine to be started. I the received H code is not valld, Le., the
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received code does not mateh the prestored code, the ignstion assembly will not
alioow the vehicle engine to be started.

Summary of the Invention

Iy accordance with the present invention, a Keviess-go ignition switch

Lk

assembly having o fault backup capability is provided. An ignition module
determines that the fob battery s dead and establishes short range LFLF
commumnications with the fob to both energize the fob and verify the fob sc as to
permit enging start,

in acecordance with an example embodiment of the present invention & vehicis
i ignition system comprises fob incleding o low frequeney transceiver and an
ignition maodule fncluding & low feguency transceiver. A control circuit associated
with the ignition module is provided for activating the low fregaency transceiver of

the ignition module to transmit a low freguency energy signatl to the fob to gnergive

=t

b X

the fob. The fob low frequency transceiver, upon receiving the low frequency
13 energy signal from the low frequency transceiver of the ignition modulde, transmits
a low Trequency response signal. The control circuit includes a verification device
to vertfy that the b i3 & fob associated with that vehicle based on the fow

requency response signal,

"‘7‘-

in accordance with anocther example embodiment of the present nvention,

20 1 vehivle ignition systom inchudes a fob for transmitting an identification code.

i

te fob includes a low frequency transeetver civenit and fow Sequency antenna.

An ignition module is provided including, & housing, switch contacts and a push

¥

button shidably mounisd in the housing and arranged so that pushing of said button
sloses sald switch contacts. A LF coil Is provided and is axially stationary within
23 the housing and is located inside of the push buiton., An ignition module circut

2 4

provides power to the fob and establishes low freguenyy communications with the
fob via the LF coil. An immobilizer circult is operatively coupled to the ignition
module for permitting or proventing actuation of the ignition system in response o

the low frequency communications with the fob and the ignition module,
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fn accordance with another example embodiment of the present invention, &
vehicle ignition module is provided commising a fob having radio freguency
fransmitter and low frequency transceiver. The fob responds 0 a low freguency
interrogation signal by i‘rzmsmitting a radio frequency response sigaal having 8
unigae fob identification code and transmits a low freguency response signal when
placed in proximity to low frequency signal source. An ignition module is
provided including a radio freguency receiver, 2 low freguency transmitier, and a
fow frequeney transeeiver. The ignition module fivst generates & fow frequency
interrogation signal from the low frequency transmitior and monitors for a radio

frequency response signal using the radio frequencey recetver, and, i no radio

3

frequency response signal is received by the radio frequency receiver, generates a
fow frequency interrogation signal from the low frequency tramscetver and
muoitors for a low frequency response signal by the low frequency transceiver.

The ignition module permits engine start if either a radio frequency response signal

is received or g low frequency response signal 18 received,

Brief Description of the Brawings

The toregoing and other features and advantages of the present nvention
will become gpparent to those skilled in the art to which the present invention
relates upon reading the following desoription with reference to the accompanying

drawings, in which:

Fig. 1 is 5 top plan view of a keyless-go ignition assembly and fob made in
accordance with one example embodiment of the present nvention;

Fig, 2 is a side elevational view of the keviess-go ignition assembly and fob
{with certain detail missing) in section shown o Fig, 1 iaken along lnes 2-2;

Fig. 3A is a front view of the ignition module of Fig. §; and

Figs, 3B and 3C are side sectional views of the ignition module of Fig. 34

{aken along sectional lines 38-3B and 3C-3C of Fig. 3A, respectively.

Referring to Fig. 1, a keviess-go assembly 10 includes an ignition

modale 12 and an associated vehicle owner fob 14, The ignition module 12
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operatively coupled to an engine mmoblizer/stavting cirouitry 16 that is, in furn,
operatively coupled berween the vehicle battery 18 and the vehicle enging
When the ignition module 12 provides an engine start signal to the engine
immobilizer/starting circuitry 16, the vehicle engine 30 can be started via the
vehicle battery in the known manner. When the ignttion module 12 provides a
disable signal to the engine immobilizer/starting circuitry 16, the vehicle engine 20
camot be started. As a defauht condition, the ignition module 12 provides the
disable signal 10 the engine immaobilizer/starting olveuityy 16,

Alse connected fo the ignition modele 12 is an electronic control
unit ("ECUTY 22, such as a microcontroller, that provides and controls wireless
cownmunications between the fob 14 and the ignition module 12 under “normal”
operating circumstances, L., when the fob is operating wnder full, selfcontained,
battery power, The BCU 22 s controliably connected 1o 8 radio frequency (PR
receiving circuit 24 {ocated within the vehicle cabin for receiving RY transmitted
signals from the fob 14, The RF receiving circutt conld be inchuded within the
ECU 22, The ECU 22 s also controtlably connected to 3 low frequency ("LE™)
transmitting civoult 26 that is located within the vehicle cabin such as in a cenval
location of the vehicle cabin.

When activated, the LY transmitier 26 transmits an LY imterrogation signal
within the cabin grea of the vehivle. A fob 14 located within the vehicle cabin will

receive the interrogation signal and will respond by transmitting & RY response

signal. The RF reg e signal is received by the RY recetver 24, The RF
response signal transmitted by the fob M includes an identification code (IO} of

the fob 14, The BCU compares that received 1D code against & predetermined 1D

P

code to determine ithe fob 1415 the one associntod with that velicle, £t 15, ther
vehicle starting is permitted, {faot, vehicle starting would not be permitted.
The ignition module 12 inclodes a housing 30 and a front cover 32 arranged

to snay it onto the housing 38, The cover 32 suap fits onto the bousing 30 visa-via

raised tabs 34, 38 extending from opposite sides of the housing 30 that are veceived

into and capture in openings 38, 44, respectively, of the cover 32, when the cover 13

placed onto the housing 30, All four sides of the housing 30 and cover 32 could
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tave the raised fabs and corresponding receiving openings 1o achieve a snap fit

o

closure if desived. The cover 32 further inchides mounting tabs 42, 44, and 46, for
mounting and securing the ignition module 12 into the dash hoard {(not shown) ofa

vehicke, Other {ypes of mounting arrangements could, of course, be used such as

snap fitting, elc
The fob 14 is carried by the vehicle operator. The fob 14 includes

glectronic circuitry 54 mounted o a printed cireult board {"PCB™ 51 including a
microcontroiier 532 for controlling the fob's several functions. Those skilled in the
art will appreciate that the control functions of the fob 14 could also be
sccomplished using discrete circuitry or an spplication specific integraied cironit

CABKC™Y The fob 14 includes several buttons 54, 56, and 58 that & vehicle

fob 14 such as door locking/undocking, olc.

Another function controlled by the fub is passive control of the vehicle's
ignition systerm, Passive control of the vehicle™s ignition system is a
semi-automatic function, When the vehicle operator is inside of the vehicle cabin

and the opevator pushes the ignition module to start the vehicle, the L

s

iz}t@rz‘&:g tion signal is transmitted o detect i the correct fob 14 associated with that
vehicie is present. This is done by monitoring for the RY signal received from
the RE receiver 24 and code verification. H there is verification, the vehicle
ignition system starts the vehicle.

The fob 14 includes an LT antenna 60 located near one end 62 of the

fob 14, Part of the electronic circuitry 30 of the fub 14 is arranged 1o receive the

,ﬂn

fow frequency {"LE) interrogation signal and 1o determine if the LY interrogation
signal is being sent from {ts associated vebicle, The fob 14 includes an RY
transitter 33, When the fob 14 receives an LY interrogation signal from an
associated vehicle, 1t responds by ransmitting a radio freguency ("RF7} response
signial, All of the slectronic circuitry of the fob 14 is powered by an internal
battery 64,
ifthe internal battery 64 of the fob 14 s completely drained, {2, dead, then

3

the fob 14 cannot respond fo the LF ransmitted signal from the LF wansmitter 26
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aud cannot provide an RF response signal to the RY reveiver 24, o that case, the
ignition modude 12 would rensain in the default condition of retaining the starting
cirouit immobiitred,

i accordanse with an example embodiment of the present §§W€ii’i§§0n, the

LA

wgnition modude 12 frther inchudes & printed civeuit board (“PCYY} 70 mounted
and secured against a detent portion 72 of the housing 30. The PCB 76 has

mounted thereto electronie elroultry?4 for carrying out the fumctions of the jgnition
fgnition module 12 could also be accomplished using diserete circuiiry or an

egrated civeunit (CASICT). The ignition moedule 12 includes

13 application specific it
a LF antenna 30 mounted to the POB 70 using, for example, three legs 82, 84, 86,
that space the antermia away from the PCB 70, Electrical contact is made between
the cotl 80 and circnitry 74 via compliant pins 83, 835, 87,
The ignition module 12 further includex 3 start button 94 that 33 shidably

2N

received axially within the housing 36 and cover 32, The cover 32 includes an

.m..
i

opening 96 that permits a first portion 98 of the start button 90 to protrude through

3

he opening so as to be accessible to the vehicle operator when the button 98 is not

4

[

cing pushed nward, The button 90 includes a second portion 108 that Is stepped

and has a dismeter larger than the diameter of the opening 96 in the cover 32 3o as

Sl

24 £ retain the button 80 within the housing 12 at all times. A third portion 102 of

axially shide when pu-sh +d, An elastomerie switch member 110 is mountad

3,

between the PCB 70 and the push button 20 to resiliently bias the button 90 wward

and against the cover 32, The elastomeric switch member 110, o addition o

‘J

25 providing & bias force 1o the pysh button 9¢ includes switch contacts that are open
when the buttont 90 is not pushed and closed when the button 90 is pushed myward.
herefore, the circuitry 74 can determine when the push button is sctivated by the
vehicle operator by monitoring the clastomeric switch member | {{L

The outer diameter 120 of the LF cotl B is less than the tnner diameter 122

wmush bution 90, The axially length of the legs &2, 84, 86 are such that the

(Y]
<
o
puss
e
o
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coil 80 is always located axially inside of the axially length of the push button 88
whether the push button is pressed or not.

A pluralify of ceirpham pins 130 of a connegtor 132 provide a connoction
from the olreuitry 74 on the PCB 70 to externs! circuitry such as the ECU 22 and

ngine immobilizer/starting circuiiry 16,

.::14
5
0
[

Az mentioned, if the futernal battery 64 of the fob 14 s completely
drained, 1.¢., dead, then the fob 14 cannot respond to the LF transmitied signal from
the LF transmitter 26 and cannot provide an RF response signal (o the RY
reeeiver 24, In accordance with an example smbodiment of the present invention,
the fob 14 is placed directly in contact with the ignition module {2 such that the

side 62 contacts the push button 9¢. This places the LY antenna 68 inside the

b 14 closest to the ignitiony module, The vehicle operator then pushes the

i
fom

ignition module button 90 all the way inas i {o start the vehicle with foh 14,
The ignition modale, &t frst, does ot "knoew™ that is being pushed by the

{ob 14 as opposed 1o being pushed by a vehicle operator’s finger. The ignition

module attempts to {ocate a fob by ransmitting a LF interrogation signal using

the LF transmitter 26 and monitoring {or a response signal via the BF receiver.

Mowever, when no RE response signal is received, the ignition switch 12 then goes
to fault check process.

by

N

in accordance with the present invention, the fault check process, the UF
cotl i is energived with an intervogation sigral. This is g low power signal that
only travels a velatively short distance that would not normally be recerved by afob
carried by a vehicle operator. However, the LF sigoal provided bythecoil 30 s
received by the fob 14 that is pushing in on the button 98, The transmitted LY
signat from the coil 80 is used by the ol to energize the fob such that the fob can
fransmit back to the ignition module LF response signal. The ignition module

monitors for the LF response sigr;ai back from the fob. the L¥F response signal

inzindes appropriate 1D information, the vehicle will be started since the
switch 110 is nlready pressed closed.

As should be appreciated, in this fault wode, the ignition module has

{FA

switched from a LE/RY cornmunications mode to g LF/LF communications mode
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Ly

and the LF from the ignidon module is used o provide operating power to the fob
which would otherwise be dead.

From the above description of the fvention, those skilled in the art will
perceive improvements, changes and modifications. Such improvements, changes

and modifications within the skill of the art sre intended to be covered by the

appervied claims.
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Having deseribed the invention, the following s clatmed:

.

A vehicle ignition system comprising:
a fob including a low frequency transcetver:

¥

an ignition module including a low freguency transceiver; and

e

controd circuit assoctated with satd jgnition modide for activating

said fow frequency transceiver of said ignition module 1o transmit a low frequency
snergy signal 1o said fob tw energive said fob,

said fob low frequency transceiver, upon receiving the fow

frequency energy si

Ei’f-?

nal from said fow frequency transceiver of said ignition
modole, transmitting g low frequency response signal,
¥

said control clreuit ncluding a verification device to verily that said

ol 15 8 {ob associated with that vehicle based on the low froguency respons

o
e
ey
e
-«
49
ol
et
0”
Ed
r;’S

nition system of claim 1 wherein said ignition module
further includes g push button and sensor for sensing depression of said push
button, said control circutt connected o sald sensor for sensing depression of said
push botton and activating said low frequency transceiver of said ignition system i

response to sensed depression of satd push bution.

3. The veltdcle ignition system of claim 2 wherein said ignition module
further includes g low frequency antera focated within said push button and

monnted 1o remain sxially stationary when said push bution is depressed.
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A vehicle ignition systemy comprising:

a fob for transmitting an identification code, satd fob including a

low freguency transceiver circuit and a low frequency andenng;

an ignition module including,
{a) a housing;

{h} switch contacts;

{c) a push butiow slidably mounted in said housing snd
srranged so that pushing of said push button closes
satd switch contacts;

{d} z low frequency coil mounted 50 as to be axially

stationary within said housing and located mside of

{iu

said push button;

an ignition module cireuit to estabish low frequency

-
(4]
St

comununications with said fob via said low frequency

2

coil; and
an immobiiizer circult operatively coupled w the ignition module
for permitting or preventing actuation of said ignition system in response to the low

o~

frequency communications between said fob and said ignition module.

5 The vehicle ignition system of claim 4 wherein said igaition module

cirouit provides an initial fow frequency signal 1o be transmitted from said low

frequency coil when said push bution is depressed, the initial low frequency signal

=4

energizing said fob, said fob ransmitting a response signal back 0 said ignition

module upon being energized by the initigl low frequency signal.

sl

10
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6. A vehicle {gnition module comprising

2

a fob having radio frequency transmitter and low frequency

p*

transceiver, said fob responding to a low frequency interrogation signal by
ansmitting a radio frequency response signal having a unigue fob identification
code and transmitting a low frequency response signal when placed in proximity
low frequency signal scurce:
an ignition module including a radio frequency receiver, a low
frequency transmitter, and & low frequency receiver, sald ignition module,
{1} first transmitting a low frequeney interrogation signal
from the low frequency transmitter and monitoring
for a radio frequency response signal using the radio
freguency receiver, and
{b} if no radio frequency response signal is recetvad by
the radio frequency receiver, generating & low
frequency a low frequency power signal and
monitoring for a low frequency response signal by
the low freguency receiver,

said ignition module pormitiing eagine start if either & radtny feguency response

signal is reostved or a low frequency response signal is recaeived.

~.1

o

The vehicle ignition module of claim 6 wherein said radio frequency
response signal and said low frequency response signal both include dentification
codes and wherein said lgnition module includes a cirouit to compare the recsived
identitication codes against a predetermined code to determinge if response signal

indicates that the fob {3 associsted with that vehicle.

11



WO 2010/088136 PCT/US2010/021690

8. The vehicle ignition module of claim 6 wherein said ignition

moduie includes
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housing aud arvanged so that pushing of said push button closes said switch
contacts, a low frequency cofl mounted so 85 to be axially stationary within said

housing and located inside of said push botton, and an ignition module circuit to

provide the low frequency power signal to sald fob via said low frequency coil.

12
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