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INPUT DEVICE 

0001. This invention relates to an input device for sensing 
directional information input by a user. In particular, the 
invention relates to an input device for a portable electronic 
device Such as a mobile telephone. 
0002. A typical mobile telephone includes an liquid crys 
tal display (LCD) for displaying information to a user, and 
a keypad which enables a user to enter information on the 
LCD display. 
0003 European patent publication number 0463856 
(Nokia) discloses a mobile telephone with a display and a 
keypad, and a finger actuated rolling device which enables 
a user to Scan menus on the display. 
0004 More recently, mobile telephones have started to 
include joystick controllers which enable a user to input 
two-directional information into the telephone. The two 
directional information is used, for example, to navigate 
menus, phone number lists, or on-line data shown on the 
display. Often, the directional information is also used to 
control associated functionality in the telephone Such as 
earpiece Volume, ringer mode or backlighting. 
0005 Joystick controllers used in mobile telephones typi 
cally employ electromechanical Sensors which tend to be 
bulky, complex, expensive, and prone to wear. The drive for 
Smaller and cheaper mobile telephones means that a simple 
and reliable design of a joystick controller is becoming 
increasingly desirable. 

0006 U.S. Pat. No. 5,065,146 (IBM) discloses a joystick 
controller which uses optical technology. The controller 
includes a sliding handle Supporting an LED. The handle is 
molded from light transparent material Such that light emit 
ted from the LED can propagate to Sensors arranged around 
the handle. Flying leads are used to Supply electrical power 
to the LED. A drawback with this device is that it is still 
complex in structure and would be relatively bulky and 
expensive to implement in a mobile telephone. 
0007 According to the present invention there is pro 
Vided an input device comprising: a fixed light Source, first 
and Second light detectors responsive to light from the light 
Source, and a member comprising first and Second reflective 
Surface portions, the member being Slidable between a first 
position in which the first reflective surface portion reflects 
light directly from the light source towards the first light 
detector, and a Second position in which the Second reflec 
tive Surface portion reflects light directly from the light 
Source towards the Second light detector. 
0008 An input device in accordance with the invention 
has the advantage that it provides an improved design of a 
joystick controller for an electronic device. By employing a 
slidable member which reflects light directly from a fixed 
light Source, an input device in accordance with the inven 
tion provides a simple and reliable design which does not 
require Special transparent materials in the member, or flying 
leads to Supply power to the light Source. The position of the 
Slidable member can be measured by interrogation of the 
light detectors. In a preferred embodiment the fixed light 
Source is a point Source light emitting diode. 
0009 Preferably, the input device further comprises third 
and fourth light detectors and reflective Surface portions. 
Accordingly, the slidable member may be slidable between 
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a third position in which the third reflective surface portion 
reflects light directly from the light source towards the third 
light detector, and a fourth position in which the fourth 
reflective surface portion reflects light directly from the light 
Source towards the fourth light detector. Ideally, the sliding 
direction between the first and Second positions is Substan 
tially perpendicular to the sliding direction between the third 
and fourth positions Such that perpendicular directional 
information input by the user may be detected. Preferably, 
the two perpendicular directions are configured as a hori 
Zontal direction and a vertical direction. 

0010. In a preferred embodiment, the member is slidable 
to a neutral position in-between the first and Second slidable 
positions, and the third and fourth slidable positions. In the 
neutral position, the reflective Surface portions reflect light 
from the light Source Substantially away from their respec 
tive light detector. 
0011 Suitably, the input device includes a housing for 
Slidably mounting the member in a plane above the fixed 
light Source. 
0012 Embodiments of the invention will now be 
described, by way of example, with reference to the accom 
panying drawings, in which: 
0013 FIG. 1 is a perspective view of a mobile telephone 
incorporating an input device; 
0014 FIG. 2A is a cross-sectional view of the input 
device of FIG. 1 in accordance with the invention; 

0.015 FIG. 2B is a plan view of FIG. 2A; 
0016 FIG. 3A is a cross-sectional view of an upper part 
of the input device of FIG. 2A; 
0017 FIG. 3B is a plan view of FIG. 3A; 
0018 FIG. 4A is a cross-sectional view of an lower part 
of the input device of FIG. 2A; 
0019 FIG. 4B is a plan view of FIG. 4A; 
0020 FIG. 5 is an exploded cross-sectional view of the 
input device of FIG. 2A; 
0021 FIG. 6A is similar to FIG. 2A except the input 
device has been activated to the right; 
0022 FIG. 6B is a plane view of FIG. 6A; 
0023 FIG. 7 is schematic view showing a reflective 
surface of the input device in a NEUTRAL and an ACTIVE 
position; and 

0024 FIG. 8 is a plan view of an alternative embodiment 
of the input device of FIG. 2A. 
0025 Referring to FIG. 1, there is shown a mobile 
telephone 10 incorporating a display 15, a keypad contain 
ing a set of keys 20, and joystick controller 100. The joystick 
controller 100 operates as an input device to the mobile 
telephone 10, Sensing directional information input by a 
thumb or finger of a user 200. 
0026 FIGS. 2A and 2B illustrate in more detail the 
joystick controller 100 of FIG. 1 in an assembled state. FIG. 
5 illustrates the same joystick controller 100 in an exploded 
cross-sectional view, while FIGS. 3A, 3B, 4A and 4C 
illustrate upper and lower partial assemblies of the joystick 
controller 100. 
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0027. The joystick controller 100 comprises a generally 
rectangular housing 200 made, for example, of a plastics 
material Such as a high temperature liquid crystal polymer 
(LCP), or a metal Such as phosphorous bronze or stainless 
Steel. The housing comprises an upper part 200a and a lower 
part 200b which are suitably fastened together, for example, 
by Snap fitting, adhesive, ultraSonic welding, or by any other 
suitable means. The upper and lower parts 200a and 200b 
both define circular apertures 210a and 210b centered on a 
central axis of the parts A-A. 
0028. The housing 200 further comprises a circuit board 
Substrate 220 which is fastened into a correspondingly 
shaped recess 205b in the lower part 200b by, for example, 
Snap fitting or adhesive. The circuit board Substrate 220 and 
the receSS 205b may, for example, be rectangular-shaped or 
Square-shaped. Regardless of the shape, the upper Surface 
224 of the substrate 220 is positioned such that it closes a 
lower end of the aperture 210b in the lower part 200b. In an 
alternative embodiment, the lower part 200b and the circuit 
board 220 may be formed as an integral part. 
0029. The joystick controller 100 further comprises a 
light source 300 in the form of a light emitting diode (LED), 
and four light detectors 410.420, 430 and 440 implemented 
as photodiodes. The light source 300 and the four light 
detectors 410, 420, 430, 440 are surface-mount components 
which are Surface mounted onto the upper Surface 224 of the 
circuit board 220 by reflow soldering. The light source 300 
is positioned Substantially on the axis A-A of the housing 
200 while the light detectors 410, 420, 430,440 are arranged 
at 90 degree intervals on a circle centered on the light Source 
300. 

0030 Conductive traces extending from the upper Sur 
face 224 to a lower Surface 226 of the circuit board 220 
couple the Surface-mount components to external circuitry 
in the mobile telephone 10. The external circuitry is needed 
to power the light source 300 and to amplify the signals from 
the light detectors 410, 420, 430, 440. 
0031) The LED 300 and the photodiodes 410, 420, 430, 
440 are chosen such that the wavelength of light emitted by 
the LED closely matches the peak wavelength sensitivity of 
the photodiodes. The photodiodes are thus particularly 
responsive to light emitted from the light source 300. The 
matched wavelength is preferably in the visible region of the 
electromagnetic Spectrum. 

0.032 The joystick controller 100 further comprises a 
reflective member 500 enclosed partially within the housing 
200 in such a way that the member may slide relative to the 
housing and the Surface-mount components. Depending on 
the Sliding position of the member relative to the housing 
200, the member 500 will operate to reflect light emitted by 
the light source directly towards or away from the individual 
light detectors 410, 420,430, 440. 
0033. The slidable member 500 is circularly symmetric 
and is made from an optically clear plastics material Such as 
polycarbonate. Alternatively, non-clear or light-diffusing 
materials may be used. The slidable member 500 comprises 
a disc-shaped body 510, a shoulder portion 520, and a 
neck-like user-actuable portion 530. The disc-shaped body 
preferably includes a recess to receive a teflon washer 540. 
0034). When the slidable member 500 is assembled 
together with the housing 200, the disc-shaped body 510 and 
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the washer 540 of the member are contained in a rectangular 
cavity 230 formed between the upper and lower parts 200a, 
200b. The two circular recesses 210a and 210b both have 
diameters Smaller than the diameter of the disc-shaped body 
510. The disc-shaped body 510 is thus prevented from 
entering the recesses and escaping from the cavity 230. An 
upper planar surface 215b of the lower part 200b Surround 
ing the receSS 210b provides a Support Surface against which 
a lower planar surface 514 of the disc-shaped body 510 may 
slide. On the opposite side of the cavity 230, a lower planar 
surface 215a of the upper part 200a Surrounding the recess 
210a provides a Support Surface against the which an upper 
planar Surface 516 of the disc-shaped body 510 and the 
washer 540 may slide. 

0035). Once assembled, the shoulder portion 520 of the 
slidable member 500 is contained in the recess 210a, and the 
user-actuable portion 530 extends upwards from the shoul 
der portion 520 outside the housing 200. The diameter of the 
recess 210a is greater than the diameter of the shoulder 
portion 520 enabling the shoulder portion to have a limited 
freedom of movement within the recess 210a. 

0036) The joystick controller 100 further comprises a 
mechanism for centralising the Slidable member, comprising 
a spherical ball 600 and a spring 650. The spring 650 is made 
from phosphorous bronze and is shaped like a croSS, with the 
four arms of the croSS bent in the same orientation away 
from the plane of the cross. The ends of the four arms rest 
on the upper surface 224 of the circuit board 220 such that 
the cross spring 650 forms a bridge over the light source 300. 
The center of the cross spring 650 holds the ball 600 on the 
axis A-A above the light source 300, and urges the ball 
against a camming Surface 545 on the underSide of the 
disc-shaped body 510 of the slidable member 500. The 
camming Surface 545 is conically shaped with the cone apex 
positioned centrally on the slidable member 500. The forces 
applied by the spring 650 through the ball 600 against the 
camming Surface urge the Slidable member towards a Static 
equilibrium (neutral) position in which the Symmetrical axis 
of the member 500 is aligned with the axis A-A of the 
housing 200 and the shoulder portion 520 is central in the 
circular recess 210a. 

0037. As mentioned, the slidable member 500 performs 
the function of reflecting light emitted by the light Source 
300 directly towards or away from the individual light 
detectors 410, 420, 430, 440. In order to achieve this 
function, the slidable member further comprises a generally 
conical annular surface 550 which tapers from an edge 
joining the lower planar Surface 514 towards the user 
actuable portion 530 of the member 500. The annular 
surface 550 generally faces the light source 300 such that 
light rays emitted by the light source 300 directly illuminate 
the annular surface 550 (except where obscured by the cross 
spring 650). The annular surface 550 is treated to make it 
reflective to light using any Suitable method Such as, for 
example, applying a coating of white ink to the Surface, 
polishing the Surface, or electroplating the Surface with a 
metal. The reflective annular Surface 550 is inclined Such 
that it reflects the incident light rays towards the upper 
Surface 224 of the circuit board 220. 

0038. The radius of the annular surface 550 is smaller 
than the radius of the circle on which the light detectors 410, 
420, 430, 440 are positioned. In the neutral position, the 
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annular Surface is aligned concentrically within the circle on 
which the light detectors 410, 420, 430, 440 are positioned 
such that light reflected by the annular surface from the light 
Source avoids any of the light detectors 410, 420, 430, 440 
(see arrows in FIG. 2A). 
0039) Referring to FIG. 7, the inclined annular surface 
550 can be seen to reflect light ray B from the light source 
300 towards the surface 224, avoiding the light detector 430. 
The light ray B is actually reflect away from the light 
detector 430 back towards the axis A-A on which the light 
detector 300 is positioned. The circular symmetry of the 
annular Surface and the light detectors means that light from 
the light Source is similarly reflected away from the light 
detectors 410, 420, and 440. Thus, in the neutral position, the 
light detectors only receive low levels of stray light from the 
light source 500. Consequently, by suitable calibration of the 
light detectors or external circuitry, the light detectors can 
provide a Zero-response Signal when the Slidable member is 
in the neutral position. 
0040. When it is desired to input directional information 
into the joystick controller 100, the user may urge the 
user-actuable portion 530 of the slidable member 500 in a 
chosen direction against the action of the centralising 
mechanism provided by the ball 600 and spring 650. The 
sensitivity of the joystick controller 100 to sliding move 
ment of the Slidable member in a particular direction 
depends on the position of the light detectors 410, 420, 430, 
440. In the present embodiment, the light detectors are 
located at up (420), down (440), right (430) and left (410) 
positions, also known as north, South, east and west posi 
tions. Accordingly, the joystick controller 100 is sensitive to 
movement of the Slidable member in those general direc 
tions i.e. up, down, right and left. Movement of the slidable 
member in one of the general directions will activate the 
light detector corresponding to that direction. 
0041 FIGS. 6A and 6B illustrate the slidable member 
having been urged to the right by a user So as to active the 
light detector 430. As shown, the shoulder portion 520 abuts 
the right-hand the edge of the recess 210a to check the 
movement of the slidable member 500 at the activating 
position. In this position, the deformed cross spring 650 
Stores Sufficient potential energy needed to return the Slid 
able member back to the neutral position. 
0.042 FIG. 7 illustrates schematically the position of the 
reflective annular surface 550' in the activate position. In this 
active position, a portion of the inclined annular surface 550' 
located above the light detector can be seen to reflect light 
ray C from the light source 300 towards the light detector 
430. The portion of the inclined annular surface which 
reflects light towards the light detector 430 will be up to 
approximately 5 degrees wide but may vary according to the 
Size of the light detector. Compared to the light ray B, the 
light ray C is incident on the annular surface portion 550' at 
a larger angle of incidence. Accordingly, the light ray C is 
reflected with a larger angle of reflection. The direction of 
the reflected light ray C is substantially parallel with the axis 
A-A which optimises transmission of light ray through a top 
sensing window of the light detector 430. 
0.043 With the slidable sensor in the active position, the 
light detector 430 will receive a relatively high intensity of 
light from the light source 500. The high intensity of light 
will active the light detector 430. Interrogation of the light 
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detector 430 by external circuitry will then provide an 
indication of the sliding position of the member 500 and 
hence the directional information input by the user. 
0044 Activation of the light detector 430 by sliding the 
slidable member 500 to the right has been demonstrated. In 
the same way, the other light detectors 410, 420, and 440 
would be activated by sliding the slidable member 500 
generally to the left (410), upwards (420), and downwards 
(440) respectively. In each case, a different portion of the 
reflective annular surface would reflect light from the light 
Source 300 towards the respective light detector. Conse 
quently, each light detector has a corresponding portion of 
the annular Surface for receiving and reflecting light when 
the slidable member is in the active position. 
0045. During activation of one light detector by an asso 
ciated annular Surface portion, the remaining portion of the 
annular Surface does not move to a position Sufficient to 
activate the other light detectors. 
0046 FIG. 8 shows an alternative embodiment of the 
joystick controller 100 in which the recess 210a is shaped to 
include four lobes. Each lobe corresponds to a light detector 
of the controller and guides the user in the general direction 
to activate that light detector. 
0047 A notable advantage associated with the joystick 
controller 100 is the ability of the transparent slidable 
member 500 to transmit light from the light source 300 out 
through the user-actuable portion 530. This gives the user 
actuable portion 530 a pleasant appearance, and helps the 
user to locate the user-actuable portion 530 in low-light 
conditions. 

0048. It will be evident in view of the foregoing descrip 
tion that various modifications may be made within the 
Scope of the present invention. For example there may be 
more or less than four light detectors, and the joystick 
controller may be incorporated into a PDA or any other 
electronic device instead of a mobile telephone. 
0049 Furthermore, the circuit board substrate or part of 
the housing of the joystick controller may be provided by a 
circuit board or housing of the electronic device in which it 
is incorporated. In this way, the input device would be 
assembled together with assembly of the electronic device. 

1. An input device comprising 
a fixed light Source, 
first and Second light detectors responsive to light from 

the light Source, and 
a member comprising first and Second reflective Surface 

portions, the member being Slidable between a first 
position in which the first reflective surface portion 
reflects light directly from the light source towards the 
first light detector, and a Second position in which the 
Second reflective Surface portion reflects light directly 
from the light Source towards the Second light detector. 

2. An input device as claimed in claim 1, wherein the 
position of the member may be measured by interrogation of 
the detectors. 

3. An input device as claimed in claim 1, wherein the fixed 
light Source is a light emitting diode. 

4. An input device as claimed in claim 1, wherein the fixed 
light Source is a point Source. 
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5. An input device as claimed in claim 1, wherein the 
Second reflective Surface portion reflects light from the light 
Source Substantially away from the Second light detector in 
the first position, and the first reflective Surface portion 
reflects light from the light Source Substantially away from 
the Second light detector in the Second position. 

6. An input device as claimed in claim 1, wherein the 
member is slidable to a neutral position in-between the first 
and Second positions, in which the first and Second reflective 
Surface portions reflect light from the light Source Substan 
tially away from the first and Second light detector respec 
tively. 

7. An input device as claimed in claim 1, further com 
prising third and fourth light detectors responsive to light 
from the light Source, and the member further comprising 
third and fourth reflective surface portions, the member 
being slidable between a third position in which the third 
reflective surface portion reflects light directly from the light 
Source towards the third light detector, and a fourth position 
in which the fourth reflective surface portion reflects light 
directly from the light source towards the fourth light 
detector. 

8. An input device as claimed in claim 7, wherein the 
Sliding direction between the first and Second positions is 
Substantially perpendicular to the sliding direction between 
the third and fourth positions. 
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9. An input device as claimed in claim 1, wherein the 
member is slidably mounted in a plane above the fixed light 
SOCC. 

10. An input device as claimed in claim 9, wherein the 
reflective Surface portions reflect light towards the light 
detectors in a direction Substantially perpendicular to the 
plane. 

11. An input device as claimed in claim 1, wherein the 
reflecting Surface portions are portions of a continuous 
annular Surface. 

12. An input device as claimed in claim 11, wherein the 
annular Surface is a conical Surface tapering away from the 
fixed light Source. 

13. An input device as claimed in claim 1, wherein the 
reflective Surface portions are on an external Surface of the 
member. 

14. An input device as claimed in claim 1, wherein the 
fixed light Source and the light detectors are mounted on a 
Substrate. 

15. An input device as claimed in claim 14, wherein the 
Substrate forms part of a housing of the input device, the 
housing enclosing the fixed light Source and the member 
being slidably mounted in the housing. 
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