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Self-Centering Tactile Thumb Joystick For Use On A Touch Screen

Related Patent Applications
[001] This patent application claims priority from PCT/SG2011/000350 filed on 7 October

2011 and the entire disclosure is incorporated in this specification.

Field of Invention
[002] The present invention relates to a self-centering tactile thumb joystick for removeable
mounting on a touch screen of an electronic device. By moving the self-centering tactile
thumb joystick over a virtual directional pad displayed on the touch Screen, it allows a user

to control operation of a software, such as a game, running on the electronic device.

Background

[003] Many electronic devices now have a touch screen 10 for inputting data or selecting
an input from a menu. Such touch screen 10 includes a display screen 12 and a fouch
sensing system 14 placed on top of the display screen. The touch sensing system‘ 14
includes a transparent sensing circuit for allowing a user to input or make a selection via
virtual buttons. When a user touches a vii'tual button, a signal is sent from the touch
sensing circuit to a controller in the electronic device to register an input or selection. For
example, the touch sensing system 14 may be a resistive or a capacitive type. A resistive
touch screen will require mechanical pressure to be exerted on a virtdal button on the
touch screén, such as one button of a 4-point or 360 degree directional pad. A capacitive
touch screen will not require mechanical pressure to be exerted on a virtual button; it
works by the virtual button sensing a capacitance change when a user's finger or thumb
touches it. As a touch screen is flat and smooth, activating a virtual button does not give a
tactile feedback to a user; lack of a tactile feedback on a touch screen 10 gives a poor
sensory experience, especially to a user for playing a game, say on an iPad or smartphone,

when the user can rarely take one's eyes away from the screen.

[004] To provide a solution, US publication no. 2011/0157056 by Karpfinger, describes a
physical button that provides a tactile feel and a sensed touch on a touch screen. In one

embodiment, the button is disposed in a frame. The frame is deformable and when a force
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on the button is removed, the frame causes the button to revert back to its unactivated

~position. -

[005] In another approach, US Patent No. 7,391,410 assigned to Sony Ericsson Mobile,
describes a joystick that is pivoted on a lid disposed over a touch screen. The joystick has a
pin in contact with the touch screen. Movement of the joystick is thus detected on the

touch screen.

[006] Despite availability of the above prior art devices, there is still a need for another
touch screen activating device that provides tactile feedback to a user, especially a device

that is removeably mounted on a touch screen, for example, for a user to play a game or a.

- user to operate a touch screen remote controller for a television set and so on.

Summary

[007] The following presents a simplified summary to provide a basic understanding of the
present invention. This summary is not an extensive overview of the invention, and is not
intended to identify key features of the invention. Rather, it is to'present some of the

inventive concepts of this invention in a generalised form as a prelude to the detailed

' description. that is to follow.

[008] The present invention provides a self-centering tactile thumb joystick for use to
control a virtual directional pad on a touch screen of an electronic device, such as,
smartphones, ipads, remote controllers for smart television sets and so on that require

navigation inputs.

[009] In one embodiment, the present invention provides a thumb joystick for use on or
over a touch screen of an electronic device. The thumb joystick comprises: a hollow
housing having an upper opening and a wall element disposed around said upper opening;
a puck being disposed below said upper opening so that a stem extends through said upper
opening for connection with a button disposed above said hollow housing; a resilient

member disposed in an extended state and inwardly biasing against both said wall element
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and puck to centre said puck with respect to said upper opening; a film covering a bottom

“face of said hollow housing and énclosing said puck and resilient member within said

hollow housing; and a tacky layer disposed on said film so that said thumb joystick is
removeably mountable on said touch screen, such that when said puck is positidned above
a virtual directional pad displayed on said touch screen, said virtual directional pad is

operable by a user moving said puck via said stem and button.

[0010] In one embodiment of the thumb joystick, the resilient member is an annular spring
or a garter spring. In another embodiment, the housing is made from a polymer, glass,
ceramic or other non-electrostatic dissipative (ESD) material. In another embodiment, the

puck, stem and button are made of an electrically conductive or ESD material.

[0011] In another embodiment of the thumb joystick, the tacky layer comprises a silicone,
or pdlyurethane;adhesivc layer; a plasticized polyvinyl chloride layer; a layer with micro.
open-pores (micro suction cups); or a static vinyl layer. The tacky layer is substantially

about 50 micron to about 500 micron in thickness.

[0012] In another embodiment of the thumb joystick, the film is made from polycarbonate,

polyethylene terephthalate (PET) or polyester, with a thickness of substantially about 50

micron to about 150 micron. When the film is a polymer, the thumb joystick further

comprises a glide layer disposed on an inner face of the polymer film. When the glide layer
is a polymer, the surface on which the puck is operable to slide is deposited with a hard

coating. A sticker may be disposed between the film and glide layer.

[0013] In another embodiment of the thumb joystick, it further comprises a non-abrasive
disc disposed on a sliding face of the puck. Preferably, the total thickness of the tacky

layer, film, glide layer, sticker and non-abrasive disc is substantially 900 micron or less.

[0014] In another embodiment of the thumb joystick, wherein a peripheral, side edge of
said hollow housing has a grooved, tapered or rimmed surface to allow a positive grip by a
user’s thumb and finger. Preferably, a holder is provided to keep the joystick when not in
use. The holder may be a magnetic holder, a holder having a suction layer containing -

micro open-pores (micro suction cups), a twist-and-turn holder or a flip case.
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[0015] In another embodiment of the thumb joystick, wherein the puck is thick so that

- when assembled with said garter spring, a top surface of said thick puckis above the centre ™
of said garter spring. In another embodimeht, the puck is thin but has a component puck
disposed in contiguous contact with the thin puck. In yet another embodiment, the wall
element 1s formed as an insert. The peripheral edge of the thick puck, component puck or

wall element insert may be curved, V-grooved or straight.

Brief Description of the Drawings

[0016] This invention will be described by way of non-limiting embbdiments of the present

invention, with reference to the accompanying drawings, in which:

[0017] FIG. 1A illustrates a self-centering tactile thumb joystick in sectional view for use
on a capacitive touch screen of an electronic device according to an embodiment of the

present invention; FIG. 1B illustrates a variation of the housing of the thumb joystick;

[0018] FIG. 2 illustrates a self-centering tactile thumb joystick having a glide layer

according to another embodiment of the present invention,

[0019] FIG. 3 illustrates a self-centering tactile thumb joystick having a sticker according to

another embodiment of the present invention;

[0020] FIG. 4A illustrates a self-centering tactile thumb joystick having a non-abrasive disc
according to another embodiment of the present invention,'whilst FIG. 4B illustrates the
self-centering tactile thumb joystick in an activated position so that the smudge area is

controlled;

[0021] FIG. 5 illustrates a washer for use in a self-centering tactile thumb joystick

according to another embodiment of the present invention;

[0022] FIG. 6 illustrates a self-centering tactile thumb joystick with a puck having a flange

according to another embodiment of the present invention;
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[0023] FIG. 7 illustrates a self-centering tactile thumb joystick with a two-piece button

according to another embodiment of the present invention;

[0024] FIGs. 8A and 8B illustrate two pucks formed from a sheet metal according to other

embodiments of the present invention,;

[0025] FIGs. 9A and 9B illustrate two ways of configuring the tacky film according to other

embodiments of the present invention;

[0026] FIGs. 10A-10E illustrate self-centering tactile thumb joysticks with features on the

housing according to other embodiments of the present invention;

[0027] FIG. 11 illustrates a thumb joystick with lock-and-catch connection of the stem to
the puck according to another embodiment of the present invention,

[0028] FIGs. 12A-12] illustrate different configurations of the annular spring for use with
the above self-centering tactile thumb joysticks of the present invention;

[0029] FIGs. 13A-13F illustrate thumb joysticks using garter springs according to other

embodiments of the present invention;

[0030] FIGs. 14A-14D illustrate thumb joysticks using garter springs according to yet other

embodiments of the present invention;

[0031] FIGs. 15A-15F and 16A-16F illustrate thumb joysticks in which the wall elements

are formed as inserts according to yet other embodiments of the present invention; and

[0032] FIG. 17 illustrates a holder for storing the self-centering tactile thumb joystick of the

present invention.
Detailed Description
[0033] One or more specific and alternative embodiments of the present invention will now “

be described with reference to the attached drawings. It shall be apparent to one skilled in

the art, however, that this invention may be practised without such specific details. Some
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of the details may not be described at length so as not to obscure the invention. For ease of

‘reference, common reference numerals or series of numerals will be used throughout the

figures when referring to the same or similar features common to the figures. Features
similar or having similar functions to those in the priority‘ application are also denoted by

similar reference numerals.

[0034] FIG. 1A shows a self-centering tactile thumb joystick 100, in sectional view, for use.
on or 'over a touch screen 10 of an electronic device according to an embodiment of the
present invention. Preferably, the touéh sensing system 14 is of a capacitive type. As
shown in FIG. 1A, the thumb joystick 100 includes at least a button 110, a hollow housing

120, a puck 140, a resilient member in the form of an annular spring 150, and a film 200.

[0035] An upper part of the hollow housing 120 has a central opening 121. A stem 141
extends from the pﬁck 140 and projects out of the op’énin‘g' 121. At the free end of the stem
141 is fixed the button 110, which a user operates on, for example, with one’s thumb or
finger. The opening 121 has a size that is larger than stroke movement of the button 110
after taking into account thickness of the stem 141. The hollow houSing 120 has a wall
element 126 that is formed around the opening 121 such that the profile shape and
dimensions of the wall element 126 correspond to those on a periphéry of the puck 140 so

that an inner circumferential surface of the annular spring 150 contacts both the wall

~ element 126 and periphery of the puck 140. Preferably, the height of the wall element 126

measured from an interior face of the hollow housing 120 is substéntially the same as
thickness of the puck 140; in other words, about half the height of the annular spring 150 is
in contact With the wall elemént 126 and the other half height is in contact with the
peripheral edge of the puck 140. As can be appreciated later, the annular spring 150 is
extended when the self-centering tactile thumb joystick 100 is assembled and the annular
spring 150 acts on both the wall element 126 and peripheral edge of the puck 140 to form
an inwardly re-centering mechanism 101 of the puck 140 (and of the button 110).

[0036] As seen in FIG. 1A, a lower part or rim of the hollow housing 120 is covered by the
film 200, thereby keeping the puck 140 and the annular spring 150 assembly within the -
cavity inside the hollow housing 120. Preferably, the thickness of the film 200 is formed
with optical quality. By the phrase “optical quality”, it means that the film 200 does not
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adversely distort an image seen through the film 200. On the exterior face of the film 200,

“With"’r"espec‘t to the housing 120; there is a tacky layer 202. The tacky layer 202 allows the™

thumb joystick 100 to be removeably mounted on or over the touch screen 10 of an

electronic device and removed repetitively without leaving any residue.

[0037] In one embodiment of the thumb joystick 100, the puck 140, stem 141 and button
110 are made up of an electrically conductive material or an electrostatically dissipative
(ESD) 'material. In use, the thumb joystick 100 of the present invention is removéably
mounted over a virtual directional pad displayed on the touch screen .]0 of an electronic
device so that the puck 140 is substantially aligned over the virtual directional pad.
Directional movement or rotation of the puck 140 via the button 110 is thus transmitted as
activation of the virtual directional pad for control of a software, such as a game, running
on the electronic device, or for operation of a touch screen remote controller for internet

surfing on a smart television set and so on.

[0038] In another embodiment of the thumb joystick 100, the hollow housing 120 is made
of a polymer, glass or ceramic. Preferably, the thickness of the upper part of the hollow
housing 120, that is, the part around the central opening 121 is formed with acceptable |

optical quality so that part of the display on the touch screen 10 seen through the hollow

“housing 120 is not optically distorted. In other words, the housing 120 does not

substantially obstruct or distort the display on the touch screen. In one embodiment, the
housing 120 is made of a clear and transparent polymer, such as polycarbonate or acrylic.
In another embodiment, the housing 120 is made of a coloured, tinted, translucent or
opaque material. In another embodiment, the housing 120 is made of glass or ceramic;'
preferably, the glass housing 120 is tempered. Preferably, the shape of the housing 120 is
round. The housing can also take other shapes, such as, polygonal, square with rounded
corners and so on. Preferably, the film 200 is attached onto the hollow housing 120 using
an adhesive 300, such as, an ultraviolet curabie clear adhesive. Preferably, the size of the
film 200 is slightly smaller than the outline of the housing 120, so that the adhesive forms
a meniscus 302 around the corner formed between the bottom surface of the housing 120
and the film 200 during é.ssembly of the self-centering tactile thumb joystick 100.
Advantageously, the adhesive meniscus 302 thus formed around the film 200 minimi.ses
delamination of the tacky layer 202 from the film 200, thereby giving the thumb joystick

100 a longer service life.
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[0039] In one embodiment, the tacky layer 202 is a coating of a silicone adhesive_ of.
substantially about 50 micron to about 500 micron in thickness. In another embodiment,
the tacky layef 202 is disposed on a separate film, which in turn is laminated onto the film
200. In another embodiment, the tacky layer 202 is a layer of polyurethane adhesive which
is coated or laminated on the film 200. The polyurethane layer 202 has a thickness of
substantially about 50 micron to about 500 micron yet thin enough to allow the touch
sensing system 14 to operate by sensing a capacitance change as a user’s thumb or finger
touches the button 110. In another embodiment, the tacky layer 202 is made of a
plasticized polyvinyl chloride (PVC) material. In another embodiment, the tacky layer 202
is made up of a layer containing micro opeﬁ-pores, which act like micro suction-cups. In
yet another embodiment, the tacky layer 202 is made up of a static vihyl layer. The layer
with micro open-pores (micro suction cups) or static vinyl layer may be laminated on a
PET backing matefial,' which may then be adhesively mounted onto the film 200. The
tacky layer 202 adheres onto the touch screen 10 and allows the thumb joystick 100 to be
removeably mounted on and removed from the touch screen repetitively without leaving
any residue. The adhesive-based tacky layer and layer with micro open-pores (micro
suction cups) can adhere onto both smooth and matt screen surfaces. However, the static
vinyl tacky layer 202 can 6n_ly stick onto smooth screen surfaces because the adhesion

relies on Van de Waals forces. The tacky layer 202 is different from conventional screen

- protection film. The conventional screen protection film is generally very thin and has a

very thin adhesive layer of about 30 micron; they are thus not meant to be peeled off and
attached onto the screen surface repetitively. In contrast, the tacky layer 202 is durable and
washable. The film 200 may be fnade from polycarbonate (PC), polyethylene terephthalate
(PET) or polyester, whose thickness is substantially 50 micron to about 150 micron.
Préferably, the total thickness of the film 200 and the tacky layer 202 is between about 100
micron and 650 micron when the puck 140, stem 141 and button 110 are electrically
conductive or electrostatically dissipative (ESD). A total thickness of the film 200 and
tacky layer 202 exceeding about 650 micron may reduce sensitivity of the touch sensing

system 14.

[0040] As seen in FIG. 1A, a bottom surface of the button 110 is formed with a recess 113.

Near the centre of the recess 113, there is formed a nipple or depression 113a. The end of
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the stem 141 is shaped and dimensioned to fit with both the recess 113 and nipple 113a.

Duri ng assembly of the button 110 onto the stem 141, a conductive adhesive is dispensed”

in the nipple 113a whilst a stronger structural adhesive is dispensed in the recess 113 away
from the nipple 113a. In use, the conductive adhesive allows the puck 140 and the button
110 to be at least electrostatically dissipative (ESD), thereby allowing the touch sensing
system 14 of the touch screen 10 to be operable via the thumb joystick 100, whilst the
structural adhesive ensures that the button 110 is securely connected to the stem 141.
Preferébly, an upper surface of the button 110 on which a user’s thumb or finger operates

on is convex and knurled for a more positive grip or feel.

[0041] FIG. 1B illustrates a variation of the housing 120 shown in FIG. 1A. The rim at the
bottom part of the housing shown in FIG. 1B has a stepped surface 129. The height of the
step is lower than the total thickness of the film 200 and tacky layer 202. In a later
embodiment, it will be apparent that the height of the step is also lower than the total
thickness of the film 200, tacky layer 202 and a glide layer 220, when the glide layer 220
exténds into the rim of the housing 120. The stepped surface 129 is provided to minimise
delamination of the layered materials connected at the rim of the housing 120 after
prolonged usage. Additionally, the corners formed at the stepped surface and the layered
materials also allow the adhesive meniscus 302 to form around the rim of the housing

during assembly.

[0042] FIG. 2 shows a thumb joystick 100a according to another embodiment of the present
invention. The thumb joystick 100a is similar to embodiment 100 shown in FIG. 1A or 1B
except that the glide layer 220 ié adhesively disposed or mounted on the inside surface of
the film 200. The glide layer 220 is preferably clear, generally of about 50 micron thick. In
one embodiment, the glide layer 220 is made of a polymer, such as polyethylene
terephthalate (PET) or polycarbonate. The top surface of the glide layer 220, which the
puck 140 moves on, has a hard coating 222. The hard coating 222 provides a scratch
resistant surface. In one embodiment, the glide layer 220 covers an area big enough for the
puck 140 to slide on; in another embodiment, the glide layer 220 is as big as the film 200
and it extends into the rim at the bottom of the housing 120, as shown in FIG. 9A.

[0043] It is possible that the glide layer 220 of the thumb joystick 100a is made of glass.
With the glide layer 220 being made of glass, the hard coating 222 becomes optional. The
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glass glide layer 220 is thin, for example, substantially about 300 micron to about 500
micron such that the total thickness of the tacky tayer 202; film 200 and glass glide layer—
220 is not more than about 800 micron thick, so that the thumb joystick 100a does not

adversely affect operation of the touch sensing system 14.

[0044] FIG. 3 shows a thumb j oystick 100b according to another embodiment of the present
invention. The thumb joystick 100b is similar to the embodiment 100a except that between
the glide layer 220 and the inside surface of the film 200, there is a sticker 230. The sﬁcker
230 may carry a tradename/logo of the present inventor/licensee or an advertisement. The
sticker 230 may be adhered onto the inside surface of the film 200 or glide layer 220.
Preferably, the sticker 230 is substantially about the size of the annular spring 150 so that it
leaves an annular area around the housing 120 that a user can see throﬁgh from the top of

the thumb joystick 100b to the touch screen 10 display.

[0045] FIG. 4A shows a thumb joystick 100c according to another embodiment of the
present invention. This embodiment is similar to the thumb joystick 100b shown in FIG. 3
except that a non-abrasive disc 210 is adhesively disposed on a lower face of the puck 140.
The non-abrasive disc 210 is made preferably of an ESD teflon or an ESD ultra-high
molecular weight (UHMW) plastic. The non-abrasive disc 210 is to minimise sliding

friction on the glide layer 220. The non-abrasive disc 210 may also help to minimise

~ scratching of the puck 140 on the glide layer 220. Preferably, the size of the non-abrasive

disc 210 is smaller than the puck 140. As seen in FIG. 4B, with the non-abrasive disc 210
being smaller than the puck 140, when the inside surface of the film 200 becomes dirty, for
example, after prolonged use or dust ingress, the diameter of smudges is controlled to
within a diameter D. Preferably, the smudge diameter D is equal to or less than the size of
the sticker 230. In addition, to allow smoother sliding of the puck 140 on the inner surface

of the film 200, a small amount of lubricant is dispensed at the sliding interface.

[0046] FIG. 5 shows a washer 240 for use with the above thumb joystick. The washer 240
is a flat, annular disc with an opening 242 in its annular face. The opening 242 of the
washer 240 allows the washér 240 to be inserted between the button 110 and the housing
120 so that its inner circumference is dimensioned to engage with the stem 141. In use, the
thickness of the washer 240 is slightly less than the gap between the button 110 and the
housing 120 so that the puck 140, non-abrasive disc 210, glide layer 220 and film 200 are
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contiguous and the touch sensing system 14 remains operative. Advantageously, the

“washer - 240~ minimises ~ wobbling —of the ~button~ 110~ or minimises damage caused by

excessive force exerted on the button 110. In addition, the washer 240 acts like a seal and
minimises ingress of dust, liquid or foreign bodies into the cavity of the hollow housing

120. In a variation, the washer 240 is made from a sponge.

[0047] FIG. 6 shows a thumb joystick 100d according to another embodiment of the present
invention. As shown in FIG. 6, the puck 140 has a stepped periphery. The step peribhery
substantially forms a flange 148 to support the annular spring 150. This embodiment is |
useful in that the flange 148 prevents edges of the annular spring 150 from sliding contact
on the ﬁlm 200 or glide layer 220. Also as seen in FIG. 6, the bottom surface of the button
110 has only the recess 113. Without the nipple 113a, the conductive adhesive is dispensed
near the centre of the recess 113 whilst the structural adhesive is dispensed away from the
centre of the recesé 113 before assembly of the button 110 on the stem 141. Alternatively,
an electrostatically dissipative (ESD) sponge 113b may be disposed near the centre of the
recess 113 during assembly of the button 110 on the stem 141 to provide an ESD path
through the stem 141 and button 110 for the touch sensing system 14 to be operable.

[0048] FIG. 7 shows a thumb joystick 100e according to another embodiment of the present
invention. The thumb joystick 100e is similar to any one of the above embodiments except
that the button 110 is made up of two pieces 110a, 110b. As shown in FIG. 7, the end of
the stem 141 has a stepped end, which is non-circular. During assembly of the button 110
on the stem, the lower part 110a of the button 110 is inserted over the stem 141 so that its
non-circuia"r hole engages with the non-circular end of the stem. The free end of the stem is
then expanded or deformed to attach fixedly the lower part 110a of the button onto the
stem 141. Alternatively, the free end of the stem 141 is deformed into a mushroom head,
for example, by riveting. After the lower part 110a of the button is attached to the stem
141, the upper part 110b of the button is attached over the lower part 110a with an

electrically conductive adhesive.

[0049] FIGs. 8A and 8B show thumb joysticks 100f, 100g according to two other
embodiments of the present invention. As shown in FIGs. 8A and 8B, the button 110 and
stem 141 are formed in an integral piece, whilst the puck 140 is formed from a sheet metal.

The puck 140 is connected at the free end of the stem 141, for example, by mechanical
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interference joining, as described in the above paragraph. In thumb joystick 100g, the puck

140 is formed with a peripheral flange 148. On the lower part of the puck 140 is adhesively

attached the non-abrasive disc 210, for example, in the form of an annular washer. As
shown in FIG. 8A and 8B, the centre of the annular washer 210 may be filled with an
electrically conductive or ESD plug/insert 149.

[0050] FIGs. 9A and 9B show thumb joysticks 100h, 100i according to two other
embodiments of the present invention. Thumb joysticks 100h, 100i are similar to any one
of the above embodiments except that the tacky layer 202 is conﬁgured into two concentric
regions 202a, 202b. For thumb joystick 100h, the outer concentric region 202a of the tacky
layer. 202 is made from a clear tacky film, which allows a user to look through a peripheral
area of the housing 120 from the top to the display on the touch screen 10 so that the.
central concentric region 202 of the tacky film may be made from a translucent or opaque
type. For thumb joystick 100i, the outer concentric region 202b of the tacky layer 202 is
.non-tacky and may be made from a clear polymer film, like the film 200; alternatively (not
shown in a figure), the film 200 may extend into the rim at the bottom of the housing and

the outer concentric region 202b is laminated with a clear polymer film.

[0051] FIGs. 10A-10E illustrate a thumb joystick 100j with a peripheral, side edge of the
housing 120 configured with an alternative feature for a more positive grip, for example,
when peeling the thumb joystick from the touch screen 10 surface. For example, as shown
in FIG. 10A, a V-groove 129a is formed around the peripheral edge of thé housing 120. In
FIG. 10B, a part round groove 129b is formed around the peripheral edge of the housing
120, in FIG. 10C the peripheral edge is tapered 129¢ whilst in FIG. 10D a rim 129d
extends around the upper peripheral surface of the housing 120. In FIG. 10E, a part of the
film 200 extends out of the outline of the housing and provides a lift tab 129¢ for a user to

grip and peel the thumb joystick 100j from the touch screen 10 surface.

[0052] In another embodiment of the thumb joystick 100k, as shown in FIG. 11, the stem
141 is engaged with the puck 140 by means of locks and catches. For example, the end of
the stem 141 has one or more split lines 116 so that locks and catches 118 at the free end
of the stem 141 behave like spring elements such that when the thumb joystick 100k is
assembled and the stem 141 is inserted into a centre hole 142 in the puck 140, the catches

118 lock on the edge of the centre hole 142. Once assembled, the stem 141 is non-
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rotational with respect to the puck 140; in one embodiment, the stem 141 has a prismatic

“Cross ’se'cﬁon. After the thumb joystick 100k is assembled; the centre hole 142 on the puck”

140 may be plugged up with the insert 149. In one embodiment, the puck 140 and insert
149 are made of a metal; in another embodiment, insert 149 is made of an electrostatic

dissipative (ESD) sponge or polymer.

[0053] Also as shown in the FIG. 11, the button 110 is round and has a feature on an upper
surface for a user to feel the centre of the button. For example, the centre of the button 110
has a small raised projection 111, as shown in FIG. 11. In addition or alternatively, the
button 110 may have raised projected segments 112 located near the periphery of the
button 110, |

[0054] It is possible that a resilient disc 190 (not shown in the figure) be disposed around

the stem 141 between the housing 120 and the button 110. The resilient disc 190 serves as

a spring element to keep the assembly of the puck 140, annular sprihg 150 and housing 120
together. The disc 190 also serves as a dust cover to minimise dust ingress and to minimise
any wobbling of the button 110 caused by operation of a user's thumbbor finger. To allow
the disc 190 to slide smoothly on the top of the housing 120, the peripheral edge of the disc

190 is curved up.

- [0055] In the above embodiments of the thumb joystick 100, 100a — 100k, the annular

spring 150 is made of a metal strip whose thickness is bent to form ﬁndulating loops 152
and the resulting undulating strip is shaped into an endless spring of substantially one or
more layers, as shown in FIGs. 12A-12]J. As can be seen from these figures, each annular

spring 150 has an inside circumference, an outside circumference and a planar thickness

- defined by the width of the metal strip. The metal strip is generally quadrilateral in section,

such as a rectangular section, where the width to thickness ratio is more than unity,
preferably ranging from about 5 to about 100. The edges defining the width or thickness of
the metal strip need not be straight; they may be curvilinear and may even have a gentle

feature, such as a grooved surface.

[0056] FIG. 12B shows that ends 154 of the annular spring 150 are located on different

loops 152. Substantially two layers may mean that the ends 154 are a few loops short of
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forming two complete rounds around the annular spring 150; in the same manner,
substantially ' more than one layer may mean that the ends 154 overlap-a few loops after-
forming a complete round around the annular spring 150. With a given strip thickness, the
stiffness of the annular spring 150 is substantially directly proportional to the number of
layers that form the annular spring 150. In one embodiment, the ends 154 of the annular
spring 150 are free. In another embodiment, the annular spring 150 is made from copper

alloy.

[0057] As shown in FIGs. 12A-12D, the inside circumference of the annular spring 150 is |
circular and has an inside diameter ID. FIGs. 12A and 12B show the spring sections joining
adjacent undulating loops 152 are substantially straight. FIG. 12C shows the spring sections
joining adjacent uridulating loops 152 are curved. FIG. 12D shows the undulating loops

152 on separate layers are non-conformal to each other.

[0058] In other embodiments of the annular spring 150, as shown in FIGs. 12E-12G, the
inside circumference of the annular spring 150 is non-circular. In yet other embodiments,
as shown in FIGs. 12H-12J, both the inside and outside circumferences of the annular
spring 150 are non-circular. In cooperation with a non-circular peripheral puck 140 and
non-circular wall element -126, the annular spring 150 with non-circular inside
circumference makes the puck 140 or button 110 non-rotational; this provides orientation
control of the button 110, which is advantageous, for example, to maintain an orientation

of a logo, mark or advertisement placed on the button 110..

[0059] The self-centering tactile.thumb joysticks of the present inventibn have been made
and have undergone testing by the inventor. The thumb joysticks 100,100a-100k have been
found to be useful for controlling virtual directional pads displayed on the touch screen of
smartphones, ipads, and so on. It is envisaged that the thumb joysticks will also be useful
to operate virtual directional pads on touch screen remote controllers for smart television

sets and so on that require navigation inputs.

[0060] In the above embodiments, the resilient member 150 can be in the form of a garter
spring 150a. The garter spring 150a is a coiled extension spring which ends are interlocked
to form a ring of resilient member. For example, each end of the coiled spring terminates

with a hook and, in use, the hooks at the two ends are interlocked to form an endless garter
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spring; in another example, one end of the coiled spring is formed with a taper and, in use,
the tapered end is threaded engaged with the opposite end to form an endless garter spring;-
in yet another example, the two ends of the coiled spring are welded together to form an

endless garter spring.

[0061] FIGs. 13A-13E show th.umb Joysticks 100m are configured with the garter spring
150a. As shown in FIGs. 13A-13E, the puck 140a is thicker than the previous embodiments
such that a top surface of the puck 140a is higher than a plane along the centre line of the
garter spring 150a. In FIG. 13A, the puck 140a has a flange 148 and the puck’s peripheral
edge 140b in contact with the garter spring 150a is curved. The curved surface 140b
minimises the garter spring 150a from slipping off the puck’s peripheral contact edge. The
wall element 126 in contact with the garter spring 150a may also be curved. In FIG 13B,
the puck’s peripheral edge is a V-groove 140c. The V-groove 140c engages positively with
the garter spring 150a and -also minimises fhe‘- garter spring 150a from slipping of the
puck’s peripheral contact edge. In contrast, in FIG. 13C, the peripheral edges of both the
wall element 126 and puck 140a are tangential to the garter spring 150a, whilst in FIGs.
13D-13F, the puck 140a does not have the flange 148. |

[0062] FIGs. 14A-14D show thumb joysticks 100n as variations of thumb joysticks 100m.
As shown in FIGs. 14A-14D, the centering mechanism 101 is made up of a thin puck 140d,

- a component puck 400 disposed in contiguous contact on the thin'pu_ck 140d and the garter

spring 150a. Preferably, a centre plane of the component puck 400 substantially coincides

with that of the garter spring 150a. As shown in FIGs. 14A and 14C, the peripheral edge of
the component puck 400 is curved to fit with the garter spring 150, whilst in FIGs. 14B and |
14D, the peripheral edge of the component puck 400 is straight and is in tangential contact

with the garter spring 150a. It is also possible that the peripheral edge of the component

puck 400 is a V-groove.

[0063] FIGs. 15A-15F and 16A-16F show yet other embodiments of the thumb joystick
1000, 100p in which the wall element 126a is formed as an insert to the hollow housing -
120. In use, the wall element 126a is thus pressed fitted, adhesivély located or insert
molded in the hollow housing 120. In one embodiment, a bottom surface of the wall
element 126a is below a centre line of the garter spring 150a; in another embodiment, thé

bottom surface of the wall element 126a is above the centre line of the garter spring; in yet
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another embodiment, the bottom surface of the wall element 126 is along the centre line of

‘the ’g‘artef spring. An advantage of the wall element 126a being ‘made as an insert is that it~

can be made of a material different from the housing material, for example, the wall
element 126a can be made of a metal. In addition, the peripheral contact edge of the wall
element 126a is curved, V-grooved or straight. The wall element 126a, used with the thin
puck 140d, thus allows the garter spring 150a to engage positively with the wall element
126a and minimises the garter spring from slipping off the wall element’s peripheral
contact edge. Thumb joysticks 100p are different from thumb joystick 1000 in that top
surfaces of wall element inserts 126a and the hollow housing 120 are flush when

assembled.

[0064] FIG. 17 shows a holder 500 for the thumb joystick of the present invention. As
shown in FIG. 17, the thumb joystick is generally identified by numeral 100. The holder
500 has an adhesive backing, alldwing it to .be'm.o.uhted, for ekafnple, on the back face of
an electronic device employing a touch screen. Near the centre of the holder is a magnet
502 or a disc/layer 502 containing micro open-pores (micro suction cups) similar to the
above embodiment of the tacky layer 202. The thumb joystick 100 is placed in the holder
500 when it is not in use. The thumb joystick 100 is held in the holder 500 by the magnet

or disc/layer 502. In one embodiment, the puck 140 is made of a magnetisable material.

- The holder 500 thus provides a safe and convenient means of storing the thumb joystick

100, 100a-100k, 100m-100p of the present invention. It is possible that other

contraception, such as, a twist-and-turn holder or flip case be used as an alternative.

[0065] While specific embodiments have been described and illustrated, it is understood
that many changes, modifications, variations and combinations thereof could be made to
the present invention without departing from the scope of the present invéntion. For
example, the inside cavity of the housing 120 may be provided with a hard coating;
alternatively, the hard coating on the inside cavity of the housing may be provided by
adhesively attaching a film already deposited with the hard coating. The hard coating -
reduces wear on the housing 120 as the annular spring 150 slides in contact. In another
example, the stem 141 may be threadedly connected to the puck 140 or button 110. In yet
ahother example, the flange 148 at the periphery of the puck 140,140a,140d may be
formed by attaching a disc below the puck body, such as, by spot welding or adhesive.
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CLAIMS:

thumb joystick comprising:

a hollow housing having an upper opening and a wall element disposed around said
upper opening; ' _

a puck being disposed below said upper opening so that a stem extends through
said upper opening for connection with a button disposed above said hollow housing;

a resilient member disposed in an extended state and inwardly biasing against both _
said wall element and puck to centre said puck with respect to said upper opening;

a film covering a bottom face of said hollow housing and enclosing said puck and -
resilient member within said hollow housing; and ‘

a tacky l’ayér disposed on said film so that said thumb joystick is removeably
mountable on said touch screen, such that when said puck is positioned above a virtual
directional pad dbisplayevd on said vtouch‘séreeri, said virtual direcﬁonal pad is bpefablé by a

user moving said puck via said stem and button.

2. A device according to any one of the preceding claims, wherein said resilient

member is an annular spring or a garter spring.

3. A device according to claim 1 or 2, wherein said puck, stem and button are formed

from an electrically conductive or electrostatically dissipative (ESD) material.

4. A device according to any one of the preceding claims, wherein said hollow

hbusing is made from a polymer, glass or ceramic, which is non-ESD.

5. A device according to any one of claims 2-4, wherein said annular spring comprises
a metal strip which thickness is bent to form undulating loops, and said resulting
undulating strip is formed into an endless annular spring of substantially one or more

layers.

6. A device according to any one of the preceding claims, wherein said tacky layer is

disposed on an exterior face of said film by coating or laminating.



10

15

20

25

30

WO 2013/052008 ' 18 PCT/SG2012/000205

7. A device according to any one of the preceding claims, wherein said tacky layer

a layer with micro open-pores (micro suction cups); or a static vinyl layer.

8. A device according to any one of the preceding claims, wherein said tacky layer is
substantially about 50 micron to about 500 micron in thickness, so that said thumb joystick

can be repetitively mounted on and removed from said touch screen.

9. A device according to any of thé preceding claims, wherein said film is made from
polycarbonate, polyethylene terephthalate (PET) or polyester, with a thickness of

substantially about 50 micron to about 150 micron.

10. -~ A device according to any one of the precedlng clalms wherein a total thlckness of

said tacky layer and film is substantlally about 100 micron to about 650 micron.

11. A device according to any one of the preceding claims, wherein said hollow

housing and film are attached to each other by an adhesive.

12. A device according to any one of claims 9-11, wherein, when said film is a
polymer, it further comprises a glide layer mounted on an inner face of said polymer film

by an adhesive.

13. A device according to claim 12, wherein said glide layer comprises a polymer or

glass.

14. A device acc'ording to claim 13, wherein, when said glide layer is a polymer, an
inside surface of said polymer glide layer on which said puck is operable to slide is

deposited with a hard coating:

15. A device according to any one of claims 11-14, wherein a size of said film is
shghtly smaller than an outline of said hollow housing, so that said adhesive forms a
meniscus around said film and hollow housing, thereby minimising delamination of sa1d

tacky layer, film or glide layer.
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16.~ A device according to claim 15, wherein said film is disposed within a stepped face
formed around a rim at a bottom of said hollow housing to further minimise delamination

of said tacky layer, ﬁlm or glide layer.

17. A device according to any one of claims 12-16, further comprises a sticker disposed

between said film and glide layer.

18. A device according to any one of the preceding claims, further comprising a non-
abrasive disc disposed on a sliding face of said puck, with said non-abrasive disc being

electrostatically dissipative (ESD).

19. - A device according to claim 18, wherein said non-abrasive disc is made from an
electrostatically ‘dissipavtive (ESD) teflon or ESD ultfé—high movlec'ﬁlar’ Weight (UHMW)

plastic.

20. A device according to claim 18 or 19, wherein a total thickness of said tacky layer,

film, glide layer, sticker and non-abrasive disc is substantially 900 micron or less.

21. A device according to any one of the preceding claims, wherein said puck has a

stepped peripheral edge to form a flange on which said annular spring is supported.

22. A device according to any one of the preceding claims, wherein inside surfaces of
said hollow housing are deposited with a hard coating to minimise wear and tear of

surfaces in contact with said annular spring.

23. A device according to any one of the preceding claims, wherein said stem and
button are connected by a conductive adhesive or an electrostatically dissipative sponge to
provide an electrostatic path for a touch sensing system of said touch screen to be operable

when a user’s thumb or finger touches said button.

24. A device according to any one of the preceding claims, wherein said button has an

upper surface that is knurled.
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25— A -device “according toany one—of the precedingclaims, furthercomprising a-
washer, sponge or a resilient disc disposed in a gap between said button and hollow

housing.

26. A device according to any one of the preceding claims, wherein a peripheral, side
edge of said hollow housing has a grooved, tapered or rimmed surface to allow a positive

grip by a user’s thumb and finger.

27. A device according to any one of claims 2-26, wherein said puck is thick so that
when assembled with said garter spring, a top surface of said thick puck is above the centre

line of said garter spring.

28. A device according to claim 27, wherein a'pcripheral edge of the thick puck in

contact with said garter spring is curved, V-grooved or straight.

29. A device according to any one of claims 2-26, wherein said puck is made up of a

thin puck and a component puck disposed in contiguous contact with said thin puck.

30. A device according to claim 29, wherein the peripheral edge of said component

puck is curved, V-grooved or straight.

31. A device according to any one of claims 2-30, wherein said wall element is formed

as an insert.

32. A device according to any one of claims 2-26, wherein said wall element is formed
as an insert so that when it is located in said hollow housing, a bottom surface of said wall

element is above a plane through the centre of said garter spring.

33. A device according to any one of claims 2-26, wherein said wall element is formed
as an insert so that when it is located in said hollow housing, a bottom surface of said wall

element is below a plane through the centre line of said garter spring.
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34. A device according to any one of claims 31-33, wherein said wall element insert is

“tade of a material different from that of said hollow housing.

35. A device according to any one of claims 31-34, wherein a peripheral edge of said

wall element insert in contact with said garter spring is curved, V-grooved or straight.

36. A device according to any one of the preceding claims, further comprising a holder

for safe keeping of the thumb joystick when it is not in use.

37. A device according to claim 36, wherein said holder is a magnetic holder, a holder
having a suction layer containing micro open-pores (micro suction cups), a twist-and-turn

holder or a flip case.



