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MECHANICAL SWITCHES FOR TFT DISPLAYS

{ross Reference to Related Applications

HEED Y This patent application claims the benefit of US provisional patent application
N0.62/715,410, filed August 7, 2618 and US non-provisional application No. 16/333.299

filed on August 6, 2019, which are both hercby incorporated by reference.

Backoround
06002} Instrument panels in motor vehicles use displays to provide information that is

typicaily related to items such as navigation, radic control, climate control, cte. Vehicles are
commonly equipped with hiquid-crystal displayvs (LCD) and thin-film-transistor liguid-crystal
display {TFT). These displays typically use touch-screen controls, ¢.g. buttons, shides, rocker
switches, eic. to provide a human-machine interface for controlling and navigation the
mformation provided on the display. However, these switches may be difficolt to operate, for
example, while wearing gloves. Additionally, these virtual switches do not give any

mechanical feedback; which is found to be a major drawback of these tvpes of displays.

Summary
10003} One general aspect comprises a switch including: a dielectric panel having
first and second sides and a konob assembly mounted on the first side of the panel. The knob
assembly includes a housing having first and second ends, a knob rotatably and
transiationally mounted to the housing at the first end, a shaft attached to the knob at a fust
end, and a permanent magnet attached to a second end of the shaft such that rotation of and
translation of the knob produces a corresponding motion of the magnet. The switch also
mcludes a sensor assembly located on the second side of the pancl including at least one hall-
effect sensor adjacent the panel. The knob assembly 1s mounted to the panel such that the at
least one hall-effect sensor 1s located inside the magnetic field created by the magnet.
{0004} Implementations may include one or more of the following features. The
switch where the at least one hall-effect sensor includes three hall-etfect cells arranged ina

perpendicular manner to one another.
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[6005] The switch where the at least one hall-effect sensor 15 a plurality of hall-effect
sensors arranged in an array on the second side of the pancl such that the knob assembly may
be positioned proximate to one of the plurality of hall-effect sensors.

{0006} The switch further meluding a second knob assembly mounted on the first side
of the pancl, the sccond knob assembly including: a second housing having first and sccond
ends; a second knob rotatably and transiationally mounted to the second housing at the first
end; a sccond shaft attached to the second knob at a first end; and a second permanent magnet
attached to a sccond end of the second shaft such that rotation of and translation of the second
knob produces a corresponding motion of the second magnet. The switch may also include
where the second knob assembly 1s mounted to the pancl such that another of the plurality of
hall-effect sensors is located inside the magnetic field created by the magnet of the second

knob assembly.

G087 The switch where the second magnet has a different magnetic strength than the
first magnet.
{6008] The switch where the housing for the knob assembly is removably secured to

the first side of the pancl.

HEER The switch further including a coil spring mside the housing and around the
shaft, the spring providing a bias force to the shaft, which holds the magnet away from the
hall-effect sensor.

{0019} Une general aspect includes a method of providing control for an electronic
display mcluding: mounting a knob assembly on a first side of a panel where the knob
assembly can provide rotational and translational movement to a magnet, sensing with a
sensor assembly located on the second side of the panel movement of the magnet using at
least one hall-effect sensor adjacent the panel where the knob assembly is mountable to the
panel such that the at least one hall-effect sensor 15 located inside the magnetic field created
by the magnet, and changing an image on the display in response to the sensed movement of
the magnet.

6011} Implementations may include one or more of the following features. The
method where the at least one hall-effect sensor mcludes three hall-effect cells arranged in a

perpendicolar manner to ong another.
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[06012] The method where the at least one hall-effect sensor 1s a plurality of hall-effect
sensors arranged in an array on the second side of the pancl such that the knob assembly may
be positioned proximate to one of the plurality of hall-effect sensors.

{0613} The method further including: mounting a second knob assembly on the first
side of the panel where the sccond knob assembly can provide rotational and translational
movement to a second magnet; sensing movement of the second magnet with another of the
plurality of hall-effect sensors.

[3014] The method further incleding changing another portion of the image on the
display i response to the sensed movement of the sccond magnet.

0615} The method further including sensing a difference between the magnetic field
produced by the first magnet and the magnetic field produced by a second magnet.

{0616} The method further including removably securing the housing to the first side
of the panel. The switch where the shaft is configured to transiate along an axis of the shaft.
{6017 Other objects, features and charactenstics of the present invention, as well as
the methods of operation and the fonctions of the related elements of the structure, the
combination of parts and cconomics of manufacture will become more apparcnt upon
consideration of the following detailed descrniption and appended claims with reference to the
accompanyving drawings, all of which form a part of this specification. It should be
uaderstood that the detailed description and specific examples, while indicating the preferred
cmbodiment of the disclosure, are intended for purposes of illustration only and are not
miended to hmit the scope of the disclosure.

Brief Description of the Figures

{6618} FIG. 115 a cross~sectional view of a first embodiment of a mechanical switch
for a TFT display;
[3019] FIG. 2 is an exploded view of the first embodiment mechanical switch shown

m FIG. 1; and

06241 FIG. 318 a cut-away view of a second embodiment of a mechanical switch and
a display panel.

{0021} F1G. 4 s a schematic perspective view of a third embodiment of a mechanical

switch and a display panel.

3
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[0022] FIG. 5 is a cut-away view of the third embodiment of the mechanical switch
and display pancl.

{8623} FI( 6 1s a schematic view of an exemplary method for conirolling a display
with the mechanical switch described herein

[6024] Like reference symbols in the varicus drawings indicate like clements.

Detailed Description

{6625] FIG. 1is a cross-sectional view of a mechanical switch 100 for use with a TFT
or LCD display. FIG. 2 is an exploded view of the same switch 100,

j3824] The switch assembly 100 is comprised of a knob 102, a magnet 104 mounted
on a shaft106, a spring clip 108 between the shaft 106 and a housing 110, A bushing 112 1g
mounted on the housing 110 and supports a printed circuit board (PCB) 114 which includes a
sensor 116, specifically a Hall effect sensor. The switch assembly 100 is mounted to a glass
panel 118 which provides a display. The arrangement and operation of the switch assembly
100 are explained i greater detail below.

{6027 The knob 102 fits onto a first end 1035 of the clongated shaft 106 using any
conventional apparatus or method. A second or opposite end 107 of the shaft 106 is provided
with the permanent magnet 104, The magnet 104 1s applied to the sccond end 107 of the
shaft 106 using an adhesive or mechanical attachment mechaniso

{6628} The magnoet 104 1s essentially torroidal in shape. The outside 109 of the
torroid-shaped magnet 104 fits inside the inside diameter 111 of the housing 110, The
housing 110 mav have a cvlindrical shape. The housing 110 has an exterior-located collar
120 which is sized and shaped to provent the housing 110 from passing through or slipping
through an opeming 122 formed into a panel 118 of a TFT display device, not shown.

[6029] The bushing 112 has an inside diameter 113 and grooves or slots 124 which
are sized and shaped to receive tabs 126 on the lower ouiside diameter 115 of the housing
110. The bushing 112 has a collar or shoulder 117 which holds the assembled bushing and
housing m the opening 122 formed in the glass panel 118

{6030 The shoulder-end 123 of the bushing 112 rides on or is closely spaced from
the PCB 114 attached to which is the conventional Hall effect sensor 116, When the

components shown in FIG. 2 are assembled as shown in FIG. 1, the knob is located on a first
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or top side 119 of the panel 118 and the bushing and sensor 116 are located on a second,
opposing, bottom side 121 of the panel 118,

{86631} When assembled the magnet 104 is closely spaced away from the Hall effect
sensor 116, Rotation of the magnet 104 by turning the knob 102 thus generates an
clectricallv-measurable signal by the Hall effect sensor 116. Rotation of the knob 102 thus
generates an electrical signal from the Hall-effect sensor 116 that can be used to control some
external device. The signals from the Hall-effect sensor 116 are pulses, the rotation of the
knob 102 thus effectively produces a signal essentially the same ag that which would be
provided by a rmaechanical switch.

{8632} The Hall-effect sensors 116 compnises an application specific ntegrated
circuit {ASICY 130 which includes up to three Hall-effect cells 132x, 132y, 1322, The Hell-
effect cells are arranged in perpendicular orientation from one ancther such that can sense
movement along the X.Y and Z-axes as shown. Therctore, as the control knob 102 is rotated
about the z-axis the first two Hall-effect cells 132x, 132y can detect that movement based on
the position of the magnet 104 in the X, Y planes. Additionally, when pressure is applied to
the control knob 102 the spring 108 flexes allowing the knob 102 and magnet 104 to translate
along the Z-axis which can be sensed by the third Hall-effect cell 132z, Thus, the Hall-effect
sensor 116 can sense motion of the control knob 102 m three-dimensions.

{6633} The displayed image on the glass panel 118 can provide visual feedback of the
status of a feature that is controlled with the switch 100 (as illustrated m embodiment of FIG.
4} Further, additional elements (not shown) may also be added to the control knob 102 1o
provide tactile feedback to the user. One skilled in the art would be able to determine the
desired fecdback mechanism for a particular application of the control knob 102,

{8634} Those of ordinary skill in the art should also recognize that the components
shown 1 the exploded view of FIG. 2 are sized and shaped such that when they are
asscmbled together, a compact pancl-mounted switch 100 shown in cross section in FEG. 1 is
realized. The components shown in FiGG. 1 and FiG. 2 thus provide an clectronic switch that
the action of which emulates a conventional mechanical switch insofar as its tactile feedback
to a user.

[6035] FIG. 3 is a cat-away view of a second embodiment of a switch 300 for use
with a glass panel 318. The switch 300 13 comprised of a knob 302, a magnet 304 mounted

on a shaft 306, a spring 308 between the shaft 306 and a housing 310. A printed cireoit board
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(PCB) 314 which includes a sensor 316a-n, specifically a Hall effect sensor. The switch 300
1s mounted to a glass pancl 318 by means of a romovable mechanical attachment, such as a
suction cup, not shown. The arrangement and operation of the switch 300 are explamed in
greater detail below.

[B036] The knob 302 fits onto a first end 3035 of the clongated shaft 306 using any
conventional apparatus or method. A second or opposite end 307 of the shaft 306 is provided
with the permanent magnet 304, The magnet 304 is applied to the second end 307 of the
shaft 306 using an adhesive or mechanical attachment mechanism.

{6637} The switch 300 1s arranged in such a manner that the switch mput clements are
located on a first side 319 and assembled into a knob assembly 301 and the sensing clements
are located on a second side 321 at proximately the same position on the panel 318 and are
asscmbled into a sensor assembly 303. However, the knob assembly and the sensor assembly
on cither side of the panel 318 do not need to be 1o contact with one another, thus an opening
in the pancl 318 is not necessary. Further, the sensor assembly 303 of the switch 300 such
that one knob assembly 301 can be used at multiple locations on the panel 318, as described
m detatl below.

{0038} The display panel 318 is llustrated with the switch 300 having the knob
assembly located on a top side 319 of the panel 318, Three Hall-effect sensors 316a-n are
located on the opposite bottom side 321 and are connected to a mucroprocessor 330, The
switch does not extend through the panel 318 but is instead on one side of the panel that 1s
opposite the side where the sensors 316a-un are located.

[6039] The shaft 306 is capable of vertical displacement along its axis of rotation.
The shaft 306 has one or more magnets 304 attached to the end of the shatt 306 that is closest
to ong or more Hall-effect sensors, 316a-n, preferably embodied as 3-D magnetic sensors.
Since the panel 318 is made of a non-ferrous or dielectric matenal, magnetic ficlds from a
magnet attached to the shaft 306 are able to pass through the panel 318,

{0040] A coil spring 308 1s located inside the housing 310 and around the shaft 306.
The spring s compressed such that it biases the shaft 306 (and knob 302) upwardly, 1.¢.,
away from the sensors 316a-n. Depressing the shaft 306 downward changes the magnetic
field provided to the sensors 316a-n, which causes them to generate a corresponding signal.
Output signals from the sensors 316a-n are provided to a processor via a conventional bus,

which 15 a device well-known to those of ordimary skill as two or more clectrically-paraliel
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conductors that carry signals around a computer device and its peripheral equipment. Vertical
and rotational movement of the shaft, and magnets attached 1o it, thus provide output signals
from the sensors 316a-n, which can be used to control virtnally any type of electronic or
clectrical device. Rotation of the knob 102 thus generates an electnical signal from the Hall-
cffect sensor 116 that can be used to control some external device. The signals from the Hall-
effect sensor 116 are pulses, the rotation of the knob 102 thus effectively produces a signal
essentially the same as that which would be provided by a mechanical switch.

{0041} The Hall-effect sensors 316a-n comprises an application specific integrated
circutt (ASEC)Y 331 on the PCB 314 which mncludes up to three Hall-ctfect cells 332x, 332y,
332z, The Hell-effect cells are arranged n perpendicular orientation from one another such
that can sense movement along the XY and Z-axes as shown. Therefore, as the control knob
302 is rotated about the z-axis the first two Hall-effect cells 332x, 332y can detect that
movenment based on the position of the magnet 304 in the X, Y planes. Additionally, when
pressure is applied to the control knob 302 the spring 308 flexes allowing the knob 302 and
magnet 304n to translate along the Z-axs which can be sensed by the third Hall-effect cell
332z, Thus, the Hall-effect sensor 316a-n can sense motion of the control knob 302 in three
dimensions.

{8042} The sensor assembly 303 may include multiple Hall-effect sensors 316a-n
arranged in an array on the bottom side 321 of the glass panel 318. The knob assembly 361
can than be located on the first side of the panel 318 at a position that corresponds to one of
the Hall-effect sensors 316a-n. Therefore, the control knob 302 may be placed in one of a
plurality of different locations according the preference of the user.

{0043} Additionally, a pluralty of first sub-assemblies 301 could be provided where
cach of them having a vanance 1n the magnet 304 or have some sort of magnetic coating
applied such that each of the first sub-assemblics 301 provide a magnetic ficld having a
pnique signature that can be detected by the sensors 316a-n. Therefore, the sensors can
detect which knob assembly is located at which position on the panel 318 and can vary the
visually feedback accordingly.

[0044] The displayed image on the pancl 318 can provide visual feedback of the
status of a feature that is controlled with the switch 300 (as illustrated in embodiment of FIG.
43 Further, additional clements (not shown) may also be added to the control knob 302 {0

provide tactile feedback to the user. One skilled in the art would be able to determine the
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desired feedback mechanism for a particolar application of the control knob 3062. The switch
300 provides an clectronic switch that the action of which emulates a conventional
mechanical switch nsofar as its tactile fecdback to a user.

{0045} FIGS. 4 and 5 dlustrate a third embodiment of a switch 400 foruse with a
pancl 418 on which an image is displaved. The switch 400 1s comprised of a knob 402, a
magnet 404 mounted on a shaft 406, a spring 408 between the shaft 406 and a housing 410.
A printed circuit board (PCB}) 414 which includes a sensor 416a-n, specifically a Hall effect
sensor. The switch 400 13 mounted to a glass panel 418 by means of a removable mechanical
attachment, such as a saction cup 434, Other means of removeable mechanical attachment
may also be used. One skilled in the art would be able to determine the type of mechanical
attachment for a particular application. The arrangement and operation of the switch 400 1s
explained in greater detail below.

[0046] The knob 402 fits onto a first end 405 of the clongated shaft 406 using any
conventional apparatus or method. A second or opposite end 407 of the shaft 406 is provided
with the permanent magnet 404. The magnet 404 is applied to the second end 407 of the
shaft 406 using an adhesive or mechanical attachment mechaniso

10047} The switch 400 is arranged 1n such a manner that the switch nput clements are
located on a first side 419 and assembled into a knob assenibly 401 and the sensing clements
are focated on a second side 421 at proximately the same position on the panel 418 and are
asscmbled into a sensor assembly 403, However, the knob assembly 401 403 and the sensor
assembly on either side of the panel 418 do not need to be n contact with one another, thus
an opening in the panel 418 is not necessary. Farther, the sensor assembly 403 of the switch
400 can be arranged such that one knob assembly 401 can be used at nuitiple locations on
the panel 418, as described in detai below.

{6048} The display panel 418 is llustrated with the switch 400 having the knob
assembly 401 located on a top side 419 of the panel 418, Three Hall-effect sensors 416a-n
arc located on the opposite bottom side 421 and are connected to a microproccssor 430, The
switch does not extend through the panel 418 but is instead on one side of the panel that is
opposite the side where the sensors 416a-n are located.  The control knob 102, housing 410
and shaft 406 of the knob assembly 401 may be made from transparent materials, such that
the display screen can be viewed through the swiich 400. The magnet 404 may be sized as

small as possible to provide sufficient detectable magnetic field while minimizing the portion
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of the display that is blocked to sight. The spring may be arranged to align with the magnet
to not provide further impediment to view of the display, or may be arranged in another
location which muinimizes impediment to view of the display.

{0049} The shaft 406 is capable of vertical displacement along its axis of rotation.
The shaft 406 has one or more magnets 404 attached to the end of the shaft 406 that is closest
to one or more Hall-effect sensors, 416a-n, preferably embodied as 3-D magnetic sensors.
Since the panel 4138 13 made of a non-ferrous or diclectric material, magnetic fields from a
magnet attached to the shaft 406 are able to pass through the panel 418,

{0059] A cod spring 408 is located inside the housing 410 and around the shaft 406.
The spring 1s compressed such that 1t biases the shaft 406 (and knob 402) upwardly, t.e.,
away from the sensors 416a-n. Depressing the shaft 406 downward changes the magnetic
field provided to the sensors 416a-nn, which causes them to generate a corresponding signal.
Output signals from the sensors 416a-0 are provided to a processor via a conventional bus,
which s a device well-known to those of ordinary skill as two or more electrically-parallel
conductors that carry signals around a computer device and its peripheral equipment. Vertical
and rotational movement of the shaft, and magnets attached 1o it, thus provide output signals
from the sensors 416a-n, which can be used to control virtnally any type of electronic or
clectrical device. Rotation of the knob 102 thus generates an clectrical signal from the Hall-
cffect sensor 116 that can be used to control some external device. The signals from the Hall-
cffect sensor 116 are pulses, the rotation of the knob 102 thus cffoctively produces a signal
essentially the same as that which would be provided bv a mechanical switch.

{6051} The Hall-effect sensors 416a-n comprises an application specific integrated
circuit (ASICY 431 on the PCB 414 which includes up to three Hall-ctfect cells 432x, 432y,
432z, The Hell-effect cells are arranged in perpendicular orientation from one another such
that can sense movement along the XY and Z-axes as shown. Therefore, as the control knob
4072 1s rotated about the z-axis the first two Hall-effect cells 432x, 432y can detect that
movement based on the position of the magnet 404 in the X, Y planes. Additionally, when
pressure is applied to the control knob 402 the spring 408 flexes allowing the knob 402 and
magnet 404n to translate along the Z-axis which can be sensed by the third Hall-effect cell
432z, Thus, the Hall-effect sensor 416a-0 can sense motion of the control knob 402 mn three-

dimensions.
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[0652] The sensor assembly 403 may include multiple Hall-effect sensors 416a-n
arranged i an array on the bottom side 421 of the pancl 418. The knob assembly 401 can
then be located on the first side of the panel 418 at a position that corresponds to one of the
Hall-effect sensors 416a-n. Thercfore, the control knob 402 may be placed in one of a
plurality of different locations according the preference of the user.

[O053] Additionally, a plurality of first sub-assemblies 401 could be provided where
each of them having a vanance in the magnet 404 or have some sort of magnetic coating
applied such that cach of the first sub-assemblics 401 provide a magnetic figld having a
unique signature that can be detected by the sensors 416a-n. Therefore, the sensors can
detect which knob assembly is located at which position on the display panel 418 and can
vary the visually feedback accordingly.

HEERE Y The displayed mmage on the panel 418 can provide visual feedback of the
status of a featurc that is controlled with the switch 400, For example, the display may show
an indicator 440a, 440b as color rendering, shown at ¥, which illustrates the current status of
the feature being controlled, o.g volume 15 at 3/4. Alternatively, the display may be an arrow
or other indicator 440b that rotates in a clock-wise or counter-clockwise manner about the
center of the switch 400. The indicator 440a-c may be visually displaved on the mside of the
switch ag tlustrated by mdicator 440a or may be displayed on the outside of the switch 400
as illustrated by indicators 440b, 440b. The display may also show a guide (not shown) of
where the knob assembly 301 should be attached 1o the pancl 418 to assist in alignment of the
knob assembly 301 with the sensor assembly 303,

HEESKY Ag described above, multiple first sub-assemblies can be used at once and
detected from one another, the display may adjust the style of indicator 440a-c based upon
the style of knob assembly attached, e.g. knob assembly 301 and knob assembly 401 would
both be used on the same panel 318,418,

{0656} Further, additional elements {not shown} may also be added to the control
knob 402 to provide tactilc focdback to the user. Une skilled m the art would be able to
determine the desired feedback mechaniam for a particular application of the control knob
402. The swiich 400 provides an electronic switch that the action of which emalates a
conventional mechanical switch insofar as its tactile feedback to a user.

18057} The switch 400 illustrated uses a rotary knob nput, however other styles of

mechanical switches may also be used for the knob assembly 401, for example, jovsticks,
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dials, slider bars, rollerballs, etc. One skilled in the art would be able to apply the switch 400
as tanght herein to different stvles of knob assemblies.

{0658} FIG. 6 1liustrates an exemplary method 600 of using a switch 100, 300, 400 to
provide control for an electronic display including: mounting a knob assembly 301,401 ona
first side 319,419 of a panel 318, 418 where the knob assembly 301, 401 can provide
rotational and translational movement to a magnet 304, 404, shown at 602. Sensing with a
sensor assembly 303, 403 located on the second side 321, 421 of the panel 318 418
movement of the magnet 304, 404 using at least one hall-effect sensor 316a-n, 416a-n
adjacent the panel where the knob assembly 301, 401 1s mountable to the panel 318, 418 such
that the at least one hall-effect sensor 316a-n, 416a-n 15 located mside the magnetic field
created by the magnet 304,404, shown at 604, Changing an tmage on the display in response
to the sensed movement of the maguaet 304, 404, shown at 606,

[B059] Implementations may include one or more of the following features. The
method where the at least one hall-effect sensor 316a-n, 416a-n mchudes three hall-cffect
cells 332x-z, 432x-z arranged in a perpendicuiar manner to one another.

{0066] The method where the at least one hall-ctfect sensor 316an, 416a-n1is a
plurality of hall-effect sensors 316a-n, 416a-n arranged n an array on the second side 321,
421 of the panel 318, 418 such that the knob assembly 301, 401 may be positiongd proximate
to one of the plurality of hali-effect sensors 316a-n,416an.

{0061 ] The method further including: mounting a second knob assembly 301, 401 on
the first side 319, 419 of the panel 318, 418 where the second knob assembly 301,401 can
provide rotational and translational movement to a second magnet 304, 404, shown at 608,
Sensing movement of the second magnet304, 404 with another of the plurality of hall-cffect
sensors 316a-n,416a-n, shown at 610.

{06062} The method further including changing ancther portion of the image on the
display i response to the sensed movement of the second magnet 304, 404, shown at 612.
[0063] The method further including sensing a difference between the magnetic ficld
produced by the first magnet 304, 440and the magnetic field produced by a second magnet
304, 404,

[0064] The method further including removably secuaring the housing 310, 410 to the
first side 319, 419 of the panel 318, 418. The swiich 300, 400 where the shaft 306, 406 is

configured to transiate along an axis of the shaft 306, 306.
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[(3065] While this specification contains many specifics, these should not be
construed as limitations on the scope of the disclosure or of what may be claimed, but rather
as descriptions of features specific to particular implementations of the disclosure. Certain
features that are described in this specification in the context of separate implementations can
also be implemented in combination in a single implementation. Conversely, vanious features
that are described in the context of a single implementation can also be implemented in
multiple implementations separately or in any suitable sub-combination. Moreover, although
features may be described above as acting in certain combinations and even initially claimed
as such, one or more features from a claimed combination can in some cases be excised from
the combination, and the claimed combination may be directed to a sub-combination or
variation of a sub-combmation.

{0066} Similarly, while operations are depicted in the drawings in a particular order,
this should not be understood as requining that such operations be performed in the particular
order shown or in sequential order, or that all illustrated operations be performed, to achisve
desirable results. Inn cortain circumstances, multi-tasking and parallel processing may be
advantageous. Moreover, the separation of various svstem components in the embodiments
described above should not be understood as requiring such separation in all embodiments,
and it should be understood that the described program components and systems can
generally be integrated together in a single software produst or packaged nto multiple
software products.

{067} A number of implementations have been described. Nevertheless, it will be
understood that vanous modifications may be made without departing from the spint and
scope of the disclosure. Accordingly, other implementations arc within the scope of the
following claims. For example, the actions recited in the claims can be performed i a

different order and still achieve desirable results.
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What is claimed is;

1. A switch (300, 400) comprising:

a dielectric panel (218, 418) having first (319, 419) and second sides (321,
421);

a knob (102, 302, 402) assembly mounted on the first side (319, 419) of the
panel (318, 418), the knob assembly (301, 401) comprising:

a housing (310, 410) having first and second ensd (307, 407);

a knob (302, 402) rotatably and translationally mounted o the

housing (310, 410} at the first end (305, 405);

a shaft (306, 406) attached to the knob (302, 402) at a first end (305,
405); and

a permanent magnet (304a-n, 404a-n) attached fo a second end
{307, 407) of the shaft (306, 406) such that rotation of and
translation of the knob (302, 402) produces a corresponding motion

of the magnet (304, 304a-n, 404, 404a-n); and

a sensor (316, 316a-n, 416, 416a-n) assembly located on the second side
(321, 421) of the panel (318, 418), the sensor (316a-n, 416a-n) assembly
comprising at least one Hall-effect sensor (316a-n, 416a-n) adjacent the

panel (318, 418); and

wherein the knob (302, 402) assembly is mounted to the panel (218, 418)
such that the at least one Hall-effect sensor (316a-n, 416a-n) is located

inside the magnetic field created by the magnet (304, 204a-n, 404, 404a-n).

i3
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2. The switch (300, 400) of claim 1, wherein the at least one Hall-effect
sensor (316a-n, 416a-n) comprises three Hall-effect colls arranged in a

perpendicular manner to one another,

3. The switch (300, 400) of claim 1, wherein the at least one Hall-effect
sensor (318a-n, 416a-n) is a plurality of Hall-effect sensors (316a-n, 416a-n)
arranged in an array on the second side (321, 421) of the panel (318, 418) such
that the knob (302, 402) assembly may be positioned proximate to one of the

plurality of Hall-effect sensors (316a-n, 416a-n).

4, The switch (300, 400) of claim 3, further comprising a second kunob (302,
402y assembly mounted on the first side (319, 419) of the panel (318, 418), the

second knob (302, 402) assembly comprising:

a second housing (310, 410) having first (305, 405) and second ends

(307, 407)s:

a second knob (302, 402) rotatably and transiationally mounted fo

the second housing (310, 410) at the first end (105, 305, 405);

a second shaft (306, 406) attached to the second knob (302, 402) at a
first end (305, 405); and

a second permanent magnet (304, 304a-n, 404, 404a-n) attached to
a second end (307, 407) of the second shaft (306, 406) such that
rotation of and translation of the second knob (302, 402) produces a
corresponding motion of the second magnet (304, 304a-n, 404, 404a-

n); and

/9

wherein the second knob (302, 402) assembly is mounted to the panel (318,
418) such that another of the plurality of Hall-effect sensors (316a-n, 416a-
1) is located inside the magnetic field ereated by the magnet (304, 304n,

404, 404n) of the second knob (302, 402) assembly.

14
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3. The switch (300, 400) of claim 1, wherein the second magnet (304, 304a-n,
404, 404a-n) has a different magnetic strength than the first magnet (304, 304a-
n, 404, 404a-n).

6. The switch (300, 400) of claim 1, wherein the housing (310, 410) for the
knob (302, 402) assembly is removeably secared to the first side (319, 419) of the

panel (318, 418).

7. The switch (300, 400) of claim 1, wherein the shaft (306, 406) is configured

to translate along an axis of the shaft (306, 406).

8. The switch (300, 400) of claim 6, further comprising a coil spring (308,
408) inside the housing (310, 410) and arcund the shaft (306, 406), the spring
(308, 408) providing a bias force to the shaft (306, 406), which holds the magnet
(304, 304a-n, 404, 404a-n) away from the Hall-effect sensor (316a-n, 416a-n).
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9.

10

A method of providing control for an electronic display comprising:

mounting a knob (302, 402) assembly on a first side (319, 419) of a panel
(318, 418) wherein the knob (302, 402) assembly can provide rotational

and translational movement to a magnet (304, 304n, 404, 404n);

sensing with a sensor (316a-n, 416a-n) assembly located on the second side
(321, 421) of the panel (318, 418) movement of the magnet (304, 304a-n,
404, 404a-n) using at least one Hall-effect sensor (316a-n, 416a-n) adjacent

the panel (318, 418);

wherein the knob (302, 402) assembly 1s mountable to the panel (318, 418)
such that the at least one Hall-effect sensor (316a-n, 416a-n) is located
inside the magnetic field created by the magnet (304, 304a-n, 404, 404a-n);

and

changing an image on the display 1o response to the sensed movement of

the magunet (304, 304a-n, 404, 404a-n).

The method of claim 9, wherein the at least one Hall-effect sensor (316a-n,

416a-n) comprises three Hall-effect cells arranged in a perpendicular manner to

one another,

11

The method of claim 9, wherein the at least one Hall-effect sensor (316a-n,

416a-n) is a plurality of Hall-effect sensors (316a-n, 416a-n) arranged in an array

on the second side (321, 421) of the panel (318, 418) such that the knob (302, 402)

assembly may be positioned proximate to one of the plurality of Hall-effect

sensors {(316a-n, 416a-n).
12, The method of claim 11, further comprising:

mounting a second knob (302, 402) assembly on the first side (319, 419) of

the panel (318, 418) wherein the second knob (302, 402) assembly can

16
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provide rotational and transiational movement to a second magnet (304,

304a-n, 404, 404a-n);

sensing movement of the second magnet (304, 304a-n, 404, 404a-n) with

another of the pluarality of Hall-effect sensors (316a-n, 416a-n).

13, The method of claim 11, further comprising changing another portion of
the image on the display in response to the sensed movement of the second

magnet (304, 304a-n, 404, 404a-n).

14, The method of claim 11, further comprising sensing a difference between
the magnetic field produced by the first magnet (304, 304a-n, 404, 404a-n) and

the magnetic field produced by a second magnet (304, 304a-n, 404, 404a-n).

15, The method of claim 9, further comprising removeably securing the

housing (310, 410) to the first side (319, 419) of the panel (318, 418).
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