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(57) Abstract: A tire monitor system 
includes a tire monitor sensor unit that 
has a tire pressure detector, a coupler and 
a tire valve. The tire valve operates as an 
antenna to transmit tire dat from the tire 
pressure detector. The coupler provides 
a capacitive coupling that removably 
couples the tire pressure detector and the 
tire valve. The coupler includes two metal 
layers separated by a dielectric layer. The 
two metal layers may be formed by the 
tire valve and a connection tube.
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10 TITLE: TIRE MONITOR SYSTEM HAVING TIRE VALVE ANTENNA 

CROSS-REFERENCE TO RELATED APLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application Serial No.

5 60/761,101, filed January 23, 2006, and the subsequent U.S. non-provisional application

claiming priority thereto, filed on January 22, 2007, both entitled TIRE MONITOR SYSTEM

HAVING TIRE VALVE ANTENNA, which are also incorporated herein by reference.

BACKGROUND OF THE INVENTION

10

Field of the Invention

[0002] The present invention relates generally to a tire monitor system, more

particularly to tire monitor system sensors, and methods employing a tire valve antenna, and 

specifically to coupling of such antennas with sensor unit circuitry.

15

Description of the Prior Art

[0002A] A reference herein to a patent document or other matter which is given as prior 

art is not to be taken as an admission that that document or matter was, in Australia, known 

or that the information it contains was part of the common general knowledge as at the

20 priority date of any of the claims.

[0003] A tire monitor system monitors various tire conditions such as tire pressure

and/or temperature and informs a driver of such conditions, particularly excessively high or 

low pressures or excessively high temperatures. A radio frequency (RF) transmission is

25 typically used to remotely transmit tire pressure information to a central vehicle computer or 

the like, which in turn conveys the information to the driver, via a dashboard display, warning 

light, audible warning signal, or the like. Some tire monitor system sensor units include a tire 

pressure detector deployed in conjunction with a more-or less typical tire valve. The tire 

pressure detector typically includes one or more sensors such as a pressure sensor, an RF

30 transmission circuit, a control circuit, a power source such as a battery, etc. The pressure 

sensor measures tire pressure and produces a signal related to the measured tire pressure. 

The signal may be used by the control circuit to produce tire condition information. Some tire 

pressure sensor units are secured to a wheel rim used with the tire valve. Examples of such 

"snap-in" tire pressure sensor units are disclosed in U.S. Pat. Nos. 6,005,480 and 6,163,255.

35

[0004] To transmit tire condition information, conventional tire pressure sensor units

may employ an external planar antenna, or the like. An external antenna increases the weight

C'iwhwnASPEC-8335O5 doc 1
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10 of the tire pressure sensor unit. The battery is often the heaviest component in the tire 

pressure sensor unit. Because of the forces of rotation of the wheel and tire pressure sensor 

unit, the tire pressure sensor unit is carefully designed to balance the weight of other 

components against the battery.

5 An external planar antenna mounted on the tire pressure sensor unit may impair the

balance and require that the tire pressure sensor unit be designed around the bulk of the 

antenna as well as the weight of the battery. Further, the resultant tire pressure sensor unit 

may not be as compact and/or lightweight as is desirable.

[0005] Problematically, the signal transmitted by a sensor having an antenna

10 disposed inside a tire mounted on a wheel is greatly attenuated. Therefore, some existing tire 

pressure sensor units employ the tire valve stem as an antenna. However, such sensors 

usually integrate the tire valve and the sensor housing, or at least permanently secure the tire 

pressure sensor housing and stem together and/or typically permanently wire the sensor 

circuitry to the valve stem. Therefore, the entire sensor and valve stem unit must be replaced

15 as a single unit, when only the relatively inexpensive tire valve needs to be replaced.

SUMMARY

[0006] The present invention is directed to apparatus, systems and methods which

20 provide a tire monitor sensor unit.

[0006A] According to one aspect of the present invention, there is provided a tire 

monitor sensor unit, including:

a tire pressure detector that detects tire pressure and generates tire data including 

25 pressure in the tire;

a tire valve operable to receive the tire data from the tire pressure detector and 

transmit the tire data as an antenna; and

a coupler removably coupling the tire pressure detector and the tire valve, the coupler 

including two metal layers disposed adjacent to one another, the coupler providing direct

30 connection between the two metal layers that becomes a capacitive coupling over time.

[0006B] The capacitive coupler may include two metal layers separated by a dielectric 

layer. The two metal layers may be formed by the tire valve and a connection tube in 

accordance with various embodiments of the present invention.

35

[0007] In such a case the two metal layers may be separated by a dielectric layer,

which might be air. Alternatively, the dielectric layer might be a plastic coating disposed on at

C:\poftwo rtfVSPEC-833505. Ooc 2
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least one of the tire valve and the connection tube. To prove the coupling the connection tube 

and the tire valve may be inserted into an opening integrally formed with an enclosure of the 

tire pressure detector. Embodiments of a tire monitor sensor unit of the present invention may 

also, or alternatively, employ inductive coupling and/or a direct connection between the two

5 metal layers. Over time a direct connection so employed may become a capacitive or 

inductive coupling. Some embodiments of the present invention might employ a tab extending 

from the tire pressure detector to provide a first metal layer and the tire valve as a second 

metal layer. The tab and the tire valve may be, at least initially, directly coupled and may be 

secured together using a conductive fastener, such as a screw.

10 [0008] According to another aspect of the present invention, there is provided a

method including:

providing a conductive connection tube;

inserting the connection tube into an opening defined by a housing of a tire pressure 

detector;

15 electrically connecting the conductive tube to circuitry of the tire pressure detector;

inserting a stem of a tire valve into the opening so that the connection tube surrounds

the tire valve stem, the connection tube and the tire valve engaging to form a coupler, thereby 

coupling the tire pressure detector circuitry and the stem of the tire valve; and

transmitting the tire data using the tire valve stem as an antenna;

20 the coupler including two metal layers disposed adjacent to one another, the coupler

providing direct connection between the two metal layers that becomes a capacitive coupling 

over time.

[0008A] As noted above coupling between the connection tube and the stem may be at 

least one of capacitive coupling, inductive coupling, and a direct connection, and wherein the

25 coupling is a direct connection between the connection tube and the stem and the direct 

connection may become a capacitive coupling over time.

[0009] The foregoing has outlined rather broadly the features and technical

advantages of the present invention in order that the detailed description of the invention that 

follows may be better understood. Additional features and advantages of the invention will be

30 described hereinafter which form the subject of the claims of the invention. It should be 

appreciated by those skilled in the art that the conception and specific embodiment disclosed 

may be readily utilized as a basis for modifying or designing other structures for carrying out 

the same purposes of the present invention. It should also be realized by those skilled in the 

art that such equivalent constructions do not depart from the spirit and scope of the invention

35 as set forth in the appended claims. The novel features which are believed to be

C:\poftwonftSPEC-«3505<Joc
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10 characteristic of the invention, both as to its organization and method of operation, together 

with further desirabilities and advantages will be better understood from the following 

description when considered in connection with the accompanying figures. It is to be 

expressly understood, however, that each of the figures is provided for the purpose of

5 illustration and description only and is not intended as a definition of the limits of the present 

invention.

C:U»hworxftSPEC-e33505.doc 3a
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings, which are incorporated in and form part of the 

specification in which like numerals designate like parts, illustrate embodiments of the present 

invention and together with the description, serve to explain the principles of the invention. In 

the drawings:

[0011] Figure 1 is a block diagram of a tire monitor sensor unit;

[0012] Figure 2 is one embodiment of a connection tube forming in part a coupler for use 

with the tire monitor sensor unit of Figure 1;

[0013] Figure 3 illustrates disposition of the connection tube of Figure 2 in an opening 
defined in a frame extending from a tire sensor unit enclosure;

[0014] Figure 4 is a exploded perspective view of a tire sensor unit adapted to employ the 

present capacitive coupling;

[0015] Figure 5 is a perspective view of an assembled tire sensor unit employing the 

present capacitive coupling;

[0016] Figure 6 illustrates an embodiment of a capacitive coupling formed with a 
multilayer structure;

[0017] Figure 7 illustrates another embodiment of the capacitive coupling using air as· a 

dielectric layer; and

[0018] Figure 8 is a flowchart illustrating a method for forming the capacitive coupling.

DETAILED DESCRIPTION

[0019] Embodiments of a tire monitor sensor unit include a tire pressure detector and a tire

valve. The tire valve may operate as an antenna to transmit tire data. In that case, the tire 
pressure sensor unitmight transmit tire data via the tire valve. Such a tire valve antenna is 
electrically coupled to the tire pressure detector for transmission of the tire data. In accordance 

with the present invention, the tire valve is preferably removably coupled to the tire pressure 
detector using a capacitive or inductive coupling. The coupling may be formed using the tire 

valve, a connection tube and a dielectric layer separating the tire valve and the connection tube. 

Taking advantage of this indirect coupling, the tire valve may be separated from the tire pressure 
detector for replacement and/or cleaning. The tire data may be transmitted to a remote receiver

4
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via the tire valve antenna. The receiver may be associated with a display device which provides 

the tire data to a driver in various formats or other warning systems.

[0020] Figure 1 is a block diagram illustrating an embodiment of a tire monitor sensor unit

100. Sensor unit 100 includes tire pressure detector 140 coupled to tire valve 170. Coupler 150 

connects tire valve 170 and tire pressure detector 140. Tire valve 170 preferably operates as an 
antenna.

[0021] Tire pressure detector 140 of the illustrated embodiment includes battery 110, 

printed circuit board 120 and pressure sensor 130. In other embodiments, pressure sensor 130 

may be integrated with printed circuit board 120. Tire pressure detector 140 may include other 
sensors such as a temperature sensor, an acceleration sensor, a rotation sensor, a speed sensor, 
etc. Printed circuit board 120 includes circuitry that is necessary to perform tire pressure 

monitoring. For example, in one embodiment, printed circuit board 120 includes a 
microcontroller, a power management circuit, a radio frequency (RF) transmission circuit, a 
memory, etc. Battery 110, printed circuit board 120 and pressure sensor 130 are preferably 

contained within enclosure 145.

[0022] Battery 110 provides power to printed circuit board 120 and pressure sensor 130 for 

operation. Various types of batteries may be used as long as it is suitable for use with tire 

pressure detector 140. Other energy sources may be substituted as well, such as the batteryless 

system disclosed in U.S. Pat. Provisional Application Serial No. 60/798,751, filed May 8,2006.

[0023] Battery 110 is generally heavier than other circuit elements of pressure monitor 
140. In certain embodiments, in the interior of enclosure 145 of tire pressure detector 140, 

battery 110 may be located at the lower center of enclosure 145 and printed circuit board 120 
may be disposed adjacent the top of the enclosure, such a sensor unit is shown in Figure 5. In 

other embodiments the battery may be disposed to one side of the tire valve and its weight might 
be offset by the weight of the printed circuit board and associated potting material, disposed on 
the opposite side of the tire valve, a sensor unit having such an arrangement is shown in Figure 4. 

In still other embodiments, the physical arrangement of the components of tire pressure detector 

140 may be varied to satisfy other design goals. Regardless, the arrangement of the components 
of detector 140 will allow components outside of enclosure 145, such as coupler 150 to have 

relatively easy access to printed circuit board 120.

[0024] The circuitry formed on printed circuit board 120 operates to convert a tire pressure 
measurement from pressure sensor 130 to tire data representative of the pressure measurement.

5
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The tire data may be binary in nature for convenient processing by digital logic circuits, but other 

signals and processing techniques may be substituted. The binary data may be used to control a 

radio circuit, such as by frequency modulating a carrier signal to convey the information 

contained in the tire data. The radio transmission may be carried out in accordance with 

standardized protocol, employing more-or-less standardized frequencies, such as 315 MHz. The 

tire data might also include identification information for tire pressure detector 140 as well as tire 

pressure information.

[0025] The tire data may be transmitted via tire valve antenna 170 to a central control unit 

(not shown) located in a vehicle. The central control unit receives the tire data and performs 
functions such as automatic determination of a tire location, a display of the tire pressure, 

presentation of a warning sound for a low tire pressure, etc. To receive and transmit the tire data 

to the central control unit, the tire valve antenna is electrically coupled to tire pressure detector 
140. Coupler 150 connects tire valve antenna 170 to printed circuit board 120.

[0026] Connection 155 between coupler 150 and printed circuit board 120 may not be 

limited to any specific implementation as long as the tire data is transmitted from printed circuit 

board 120 to coupler 150. For instance, a conductor such as an electrical wire, lead or tab may 

extend from coupler 150 to printed circuit board 120 or from printed circuit board 120 to coupler 
150, as will be described below in greater detail in conjunction with Figures 2 through 5. On the 

other hand, connection 160 between coupler 150 and tire valve antenna 170 may be required to 

be suitable for dual functions of tire valve antenna 170, i.e., operating a tire valve and an antenna. 
To properly function as a tire valve, tire valve 170 should be separable from, and reattachable to, 

tire pressure detector 140 upon need and should control the inflation and deflation of the tire. To 

properly function as an antenna, tire valve 170 preferably operates as an electrical device, which 
may be driven by an amplifier, to perform data transfer with tire pressure detector 140. If tire 

valve 170 is coupled to tire pressure detector 140 with wired and/or fixed connectors such as an 

electrical wire, the connectors may have to be removed and/or damaged to separate tire valve 170 
from the pressure detector 140.

[0027] Figure 2 is a perspective view of an embodiment of connection tube 220, which 

may be used in accordance with the present invention. As will be described in greater detail 

below, connection tube 220 and tire valve 170 engage mechanically and electrically and form 

coupler 150. Since conventional tire valve stems are generally cylindrical in shape, connection 
tube 220 has a cylindrical shape such that it may wrap around a tire valve stem upon their 
engagement. Connection tube 220 forms an open loop with gap 232 defined by the surround

6
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portion of the connection tube. Connection tube 220 is easily rolled to fit in an opening formed 

integrally with or adjacent an enclosure of a tire pressure detector, which will be shown in greater 
detail in conjunction with Figure 3 below. In other embodiments, connection tube 220 may form 
a closed loop. Connection tube 220 is sized for frictional engagement with either an inside 

diameter or an outside diameter, such as the outside diameter of a tire valve stem or the inside 

diameter of an opening, such as shown in Figure 3 and discussed below. Connection tube 220 is 

preferably made from an electrically conductive material, such as an electrically conductive 
metal, aluminum, brass, copper, etc. A pin, tab or the like 230 may extend from the surround 

portion of the connection tube to connect connection tube 220 to printed circuit board 120 of 

Figure 1, so that tire data may be conducted from printed circuit board 120 to connection tube 

220.

[0028] Figure 3 illustrates an embodiment of the disposition of connection tube 220 in 
sensor unit 100. In Figure 3, connection tube 220 is inserted into opening 310 formed in frame 
320 of tire pressure detector 140. Connection tube 220 may be pushed by force into opening 310 

of frame 320. Connection tube 220 then is retained in opening 310 of frame 320 by frictionally 

engaging an inner surface of opening 310. In other embodiments, connection tube 220 may be 

molded over stem 415 of the tire valve antenna 170 or into the interior wall of the opening 310. · 
Various other insertion and/or retention methods are contemplated within the scope of the present 
invention.

[0029] The embodiments of tire pressure detector 140 shown in Figures 2 through 5 have 
enclosure 145 that defines frame 320 protruding perpendicularly relative to a top surface of 
enclosure 145. Frame 320 may be integrally formed with enclosure 145. Frame 320 includes 

opening 310 to receive both connection tube 220 and tire valve 170. Pin 230 preferably extends 
through aperture 330 formed on enclosure 145 and connects printed circuit board 120. In other 
embodiments, pin 230 might run along the side of enclosure 145 and back to printed circuit board 
120. Alternatively, other means such as a tag or tab (510 in Figure 5) extending upward from the 

circuit board 120 may be used in place of the pin 230. Tag 510 may be secured to the end of 

connection tube 220 by screw 420 or the like, as shown in Figures 4 and 5.

[0030] The shape and size of opening 310 and connection tube 220 may change, depending 

on the design of a tire valve, a tire pressure detector and a tire monitor sensor unit. Opening 310 
is illustrated as having a circular shape, but various other shapes are possible. The size of 
opening 310 may be determined based on a diameter of a tire valve stem. Tire valve 170 is 
inserted into opening 310, as shown in Figures 4 and 5. In this embodiment, tire valve 170 may

7
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be a snap-in type, as discussed above, but it is not limited thereto. For example the tire valve and 

tire valve stem may be secured to a wheel using nuts and washers.

[0031] Figure 4 illustrates one embodiment of the coupler 150 formed by connection tube 

220 and tire valve 170. Connection tribe 220, tire valve 170 and their engagement in opening 

310 provide coupling between tire pressure detector 140 and tire valve 170, particularly tire valve 

stem 415. This coupling may utilize the capacitive, inductive or a combination of the capacitive 

and inductive properties of the connection tube and tire valve stem materials. Capacitive coupling 
may be implemented with two metals separated by a dielectric material. Connection tube 220 

and tire valve stem 415 provide two metal layers. Suitable material may be provided as a 
dielectric layer between connection tube 220 and tire valve stem 415. Advantageously, 
capacitive coupling is able to provide electrical connection without attached and fixed 

mechanical structures. As a result, the capacitive coupling may allow tire valve 170 to be 

removable and perform the dual functions of a tire valve and an antenna as discussed above. As 

best seen in the exploded view of Figure 4, embodiments of the present invention call for tire 

valve stem 415 to be inserted into opening 310 of frame 320 in which connection tube 220 is 

disposed. Tire valve 170 may be secured in place by screw 420 being threaded into the end of 

tire valve stem 415.

[0032] Figure 6 illustrates an embodiment of implementation of the capacitive coupling.
In Figure 6, the capacitive coupling includes a multilayer structure 600 formed by tire valve stem 
415, connection tube 220, and dielectric material 610. In Figure 6, the multilayer structure 600 is 

illustrated in fragmented cross section. Referring to Figures 2 through 5, connection tube 220 is 
disposed in opening 310 of frame 320 and electrically connected, such as via pin 230, to printed 

circuit board 120, then tire valve stem 415 is inserted into opening 310, and thus through 
connection tube 220. Tire valve stem 415 may be made from metal such as aluminum, copper, 
an alloy of metals such as brass, or any other electrically conducting material. Connection tube 

220 is also preferably made from similarly conductive material. Upon the insertion of tire valve 

stem 415 and connection tube 220 into opening 310, two metal layers are disposed adjacent each 

other, as illustrated in Figure 6. In the cross section view of Figure 6 the conductive layers 
appear planar. In the illustrated embodiments the conductive layers defined by the connection 

tube and the tire valve stem are generally cylindrical. However, any corresponding shapes may 

be used for the'two metal layers.

[0033] Dielectric material 610 may be disposed between tire valve stem 415 and 
connection tube 220. The dielectric material may be air. In that case, no additional material or

8
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layer may be needed between tire valve stem 415 and connection tube 220. In other

embodiments dielectric material 610 might be plastic, or the like. In such embodiments 
connection tube 220 may be formed to have a plastic protective coating on one or both sides and 
upon engagement with tire valve stem 415, the protective coating may operate as the dielectric 

material. Additionally, air combined with such a protective coating may operate as the dielectric 

material. Another example of the dielectric material might be a plastic coating molded on tire 

valve stem 415. In additional embodiments, this plastic coating combined with air and/or the 
plastic coating on connection tube 220 to form dielectric layer 610 between tire valve stem 415 

and connection tube 220. The depth of dielectric layer 610 might vary depending on a desired 
capacitance value of multilayer structure 600.

[0034] The physical characteristics of the components illustrated and described herein may 
be selected to obtain particular performance results. For example, the dielectric material may be 
selected to have a particular dielectric constant, or the conductive materials may be chosen to 
endure the harsh operating environment of the tire pressure detector. Further, electrical 

characteristics such as dielectric constant may be chosen to tune the performance of the tire valve 

as an antenna. For example, the components may act as a filter to radio frequencies impressed on 

the antenna. The physical construction and materials may be chosen to tailor the frequency 

response to minimize attenuation or maximize gain at frequencies of interest, such as 315 MHz.

[0035] Figure 7 illustrates a multilayer structure 700 that uses air as a dielectric layer. In 

multilayer structure 700, a thin air gap may be defined at interface 710, between tire valve stem 

415 and connection tube 220. For instance, when air is used as the dielectric layer, voltage 
across this capacitive coupling structure may be approximately 65 dBpV. Direct connection of 

tire valve stem 415 and connection tube 220 may be made where only a small amount of air 

exists between tire valve stem 415 and connection tube 220. The direct connection may provide 
a path that the tire data is delivered via connection tube 220 to tire valve stem 415. With the 
direct connection, tire valve 170 is removable when needed. If the direct connection is 

compromised with dust and/or salt over time, capacitive coupling may replace the direct 

connection. Dust and/or salt accumulated between tire valve stem 415 and connection tube 220 

may operate as the dielectric layer and result in capacitive coupling between the tire valve stem 
and connection tube.

[0036] As a further example, a lubricant may be disposed between connector tube 220 and 
tire valve stem 415. In accordance with the present invention, this lubricant may he a conductive 
lubricant or it may be a dielectric lubricant. Thereby, if the lubricant is conductive a direct

9
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connection between the connector tube and the stem is created and may over time become 

capacitive, as described above. However, if the lubricant is a dielectric it may promote dielectric 

coupling of the connector tube and the valve stem. In either case, the lubricant can facilitate 

assembly, disassembly and reassembly of the tire valve with tire pressure detector 140.

[0037] Figure 8 is a flowchart illustrating an embodiment for forming capacitive coupling 
between a tire valve antenna and a connection tube in accordance with the present invention. At 

810 a frame is constructed to for an opening on or adjacent to a tire pressure monitor. In the 
examples described above frame 320 is attached to or constructed integrally with the tire pressure 

detector enclosure 145. In illustrated embodiments of the tire pressure detector, frame 320 and 
opening 310 may be predefined, ready to receive tire valve 170. Thus, minimal manufacturing 

processes may be required to form capacitive coupling in accordance with the present invention. 
Frame 320 may have circular opening 310 in its center, for example, as shown in Figure 3. After 

frame 320 and opening 310 are formed, connection tube 220 can be inserted into opening 310 at 

step 820. Connection tube 220 may be pressed or pushed in using force at 820, preferably 

minimal force. This may simplify the manufacturing process and also may reduce the 

manufacturing cost. However, the connection tube may be molded into or overmolded by the 

detector enclosure, particularly into a housing member, such as frame 320, as discussed above.

[0038] Connection tube 220 is connected to tire pressure detector 140 to receive tire data at 

830. Connection tube 220 may include pin 230 extending therefrom to printed circuit board 120 
of the tire pressure detector 140. In one embodiment, pin 230 may be inserted into a narrow 
opening, or hole, formed on enclosure 145 of tire pressure detector 140 and connected to printed 
circuit board 120. In other embodiments, pin 230 may extend along the enclosure of tire pressure 

detector 140 with potting techniques. Alternatively, connection tube 220 may be connected to 
printed circuit board 120 using a tag 510, which might extend from printed circuit board 120.
One end of tag 510 may be secured to frame 320 or to an end of valve stem 415 using a screw or 
similar fastener at 830.

[0039] After connection tube 220 is coupled to printed circuit board 120, tire valve 170, 
particularly tire stem 415, is inserted into the opening 310 at 840. Various attachment methods 

are possible to attach tire valve stem 415 to tire pressure detector 140. For instance, screw 

attachment, interference fit, plastic overmolding, or any other methods of attachment are 

possible. With an air and/or plastic interface between connection tube 220 and tire valve stem 
415 as a dielectric. As a result, coupling is formed between the tire valve 170 and connection 
tube 220. This coupling has the effect of enabling the signal at connection tube 220 to manifest

10
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itself as a signal in the receiving tire valve 170 conductor, utilizing the capacitive, inductive or a 

combination of the capacitive and inductive properties of the materials. Tire data is conducted 

from tire pressure detector 140 to connection tube 220, and thus to tire valve 170, and eventually 

transmitted to the central control unit via tire valve antenna 170 at 850.

[0040] As noted above, the tire pressure detector and the tire valve antenna are connected 
using capacitive or inductive coupling. The tire data may be transmitted via the tire valve 

antenna. However, the tire valve antenna may also be relatively easily removed and/or replaced 
without damaging or destroying any sensor unit structures such as wires. Thus the tire valve may 

perform both functions of antenna and a tire valve satisfactorily. The connection using 
capacitive coupling may be reliable and cost-effective. As long as the tire valve is inserted into 
the opening, a reliable and persistent connection is possible. Furthermore, the capacitive 

coupling is resistant to dust or salt. Due to the present invention’s use of capacitive coupling 

dust, salt or corrosion accumulated between the tire valve and the connection tube may not affect 
the connection between the tire valve and the tire pressure detector. Since the present invention 

avoids the need to use an external planer antenna further design and structure of a tire sensor unit 

is simplified. The tire pressure detector may be compact and lightweight because no external 

antenna is needed. Additionally, no additional elements are needed to make a connection 

between the sensor circuitry and the tire valve antenna. For at least the foregoing reasons 
production cost of the tire monitor sensor unit may be substantially reduced.

[0041] Although the present invention and its advantages have been described in detail, it 
should be understood that various changes, substitutions and alterations can be made herein 
without departing from the spirit and scope of the invention as defined by the appended claims. 

Moreover, the scope of the present application is not intended to be limited to the particular 
embodiments of the process, machine, manufacture, composition of matter, means, methods and 
steps described in the specification. As one of ordinary skill in the art will readily appreciate 

from the disclosure of the present invention, processes, machines, manufacture, compositions of 

matter, means, methods, or steps, presently existing or later to be developed that perform 

substantially the same function or achieve substantially the same result as the corresponding 

embodiments described herein may be utilized according to the present invention. Accordingly, 
the appended claims are intended to include within their scope such processes, machines, 

manufacture, compositions of matter, means, methods, or steps.
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1 THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A tire monitor sensor unit, including:

a tire pressure detector that detects tire pressure and generates tire data including 

5 pressure in the tire;

a tire valve operable to receive the tire data from the tire pressure detector and 

transmit the tire data as an antenna; and

a coupler removably coupling the tire pressure detector and the tire valve, the coupler 

including two metal layers disposed adjacent to one another, the coupler providing direct

10 connection between the two metal layers that becomes a capacitive coupling over time.

2. A tire monitor sensor unit according to claim 1, wherein the coupler provides 

capacitive coupling between said tire pressure detector and the tire valve.

3. A tire monitor sensor unit according to claim 1 or 2, wherein the two metal layers are 

separated by a dielectric layer.

15 4. A tire monitor sensor unit according to any one of the preceding claims, wherein the

two metal layers are provided by the tire valve and a connection tube.

5. A tire monitor sensor unit according to claim 4, wherein the connection tube and the 

tire valve are inserted into an opening integrally formed with an enclosure of the tire pressure 

detector.

20 6. A tire monitor sensor unit according to claim 3, or claim 4 or 5 when directly or

indirectly dependent on claim 3, wherein the dielectric layer includes air.

7. A tire monitor sensor unit according to claim 4 or 5, wherein the dielectric layer 

includes a plastic coating disposed on at least one of the tire valve and the connection tube.

8. A tire monitor sensor unit according to any one of the preceding claims, wherein the

25 coupler provides inductive coupling.

9. A tire monitor sensor unit according to any one of the preceding claims, wherein the 

coupler includes a tab extending from the tire pressure detector, providing a first metal layer 

and the tire valve provides a second metal layer.

10. A tire monitor according to claim 9, wherein the tab and the tire valve are, at least

30 initially, separably directly coupled.

11. A tire monitor sensor unit according to any one of the preceding claims, wherein a first 

metal layer is secured to a second metal layer using a conductive fastener.

12. A method including:

providing a conductive connection tube;

35 inserting the connection tube into an opening defined by a housing of a tire pressure

detector;

electrically connecting the conductive tube to circuitry of the tire pressure detector;

C:\pofvwnJ\SPEC-e33505 0oc 12
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1 inserting a stem of a tire valve into the opening so that the connection tube surrounds 

the tire valve stem, the connection tube and the tire valve engaging to form a coupler, thereby 

coupling the tire pressure detector circuitry and the stem of the tire valve; and

transmitting the tire data using the tire valve stem as an antenna;

5 the coupler including two metal layers disposed adjacent to one another, the coupler

providing direct connection between the two metal layers that becomes a capacitive coupling 

over time.

13. A method according to claim 12 wherein the coupling is at least one of 

capacitive coupling, inductive coupling, and a direct connection between the connection tube

10 and the tire valve stem.

14. A method according to claim 12 or 13, further including forming a dielectric layer 

between the stem of the tire valve and the connection tube.

15. A method according to claim 14 wherein the dielectric layer includes air.

16. A method according to any one of claims 12 to 15, further including applying a plastic 

15 coating on at least one of the connection tube or the stem of the tire valve.

17. A method according to any one of claims 12 to 16, wherein inserting the connection 

tube into the opening defined by the housing of the tire pressure detector includes molding 

the housing about the connection tube.

18. A method according to any one of claims 12 to 17, wherein the coupling is direct 

20 connection between the connection tube and the stem and the direct connection becomes a

capacitive coupling over time.

19. A tire monitor sensor according to any one of the embodiments, substantially as 

herein described and illustrated.

20. A method according to any one of the embodiments substantially as herein described 

25 and/or illustrated.

C:\feftwonftSPEC-833505doc 13
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