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INPUT DEVICE WITH ELASTIC MEMBRANE 

FIELD OF THE INVENTION 

[0001] The invention relates to an input device having an 
elastic membrane as Well as to a use of said input device and 
a method for its manufacture. Such an input device can in 
particular be used as a joystick and/or in gaming applications. 

BACKGROUND OF THE INVENTION 

[0002] Input devices for converting mechanical displace 
ments into electrical signals must meet restrictive cost and 
space requirements for applications such as mobile tele 
phones, smartphones and other portable electronics. 
[0003] Various types of input devices have been developed 
as conventional pointing devices. These coordinate input 
mechanisms include: a plurality of electromagnetic conver 
sion devices that rely on the change of, among others, elec 
trical resistance, electrical capacitance, magnetic ?ux and 
temperature. Other devices employ optical detection systems. 
HoWever, any of those types of mechanisms are typically 
made of numerous parts Which add to complexity, cost and 
size. 

[0004] Us. Pat. No. 5,689,285 employs a pressure-sensi 
tive resistive membrane, placed betWeen tWo conductors. The 
annular direction and force of contact is determined through 
the change in resistance measured through the membrane. 
[0005] US 2003/0151103 employs a ring-shaped resistive 
membrane. When the user presses on the button, the electrical 
circuit is closed and the electrical resistance is indicative of 
the direction of the pressure. 
[0006] Us. Pat. No. 6,344,791 employs a deformable 
resistive membrane. Upon pressure, the circuit is closed and 
the electrical resistance determines the position of the pointer. 
[0007] FR 2933605 discloses an input device forparaplegic 
patients relying on strain gauges to measure the position of a 
handle Which is connected to a membrane. These strain 
gauges measure the forces that result from deformations in 
the membrane When the handle is displaced in different direc 
tions. 

OBJECT AND SUMMARY OF THE INVENTION 

[0008] It is an object of the invention to propose an 
improved mechanical input device, in particular a joystick. 
[0009] This object is achieved by the device of claim 1. 
Accordingly, the device comprises 
[0010] a frame, 
[0011] a ?exible polymer membrane held in the frame, 
[0012] a compliant sensing electrode arranged on or in said 
membrane, and 
[0013] a handle mounted to said frame and connected to 
said membrane. 
[0014] The handle is displaceable at least along a ?rst direc 
tion parallel to the membrane, Wherein a displacement of the 
handle in said ?rst direction causes a deformation of said 
sensing electrode. 
[0015] The device is con?gured such that, When the handle 
is moved in the ?rst direction, the polymer membrane is 
deformed. As a consequence, the resistance and/ or area of the 
sensing electrode(s) changes. This change can be measured 
and converted into an electrical signal, Which can e. g. be used 
as an input signal for controlling the motion of a pointer or a 
?gure on a screen. 
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[0016] In one advantageous embodiment, the device com 
prises a resistance sensing circuit connected to the sensing 
electrode for measuring the resistance of the same and for 
thereby generating a signal or value indicative of the handle 
position. Typically, the resistance increases When the section 
of the membrane containing the sensing electrode is dis 
tended. 
[0017] In another advantageous embodiment, the device 
comprises at least a top and a bottom sensing electrode 
arranged on opposite sides of the membrane as Well as a 
capacitance sensing circuit connected to said top and bottom 
sensing electrodes. The capacitance sensing circuit measures 
the capacitance betWeen the tWo sensing electrodes and thus 
generates a signal or value indicative of the handle position. 
Typically, the capacitance increases When the section of the 
membrane containing the sensing electrodes is distended 
because the area of the sensing electrodes increases and their 
distance decreases. 
[0018] Advantageously, When the handle is released, i.e. in 
the absence of an external force applied to the handle, the 
membrane moves the handle to a Zero position. Upon appli 
cation of the external force, the handle is displaced from the 
Zero position against a resetting force generated by the mem 
brane. In other Words, the handle is self-centered by the 
restoring force of the polymer membrane. 
[0019] Advantageously, the restoring force of the polymer 
membrane can be augmented by an additional spring element 
Which is arranged betWeen the handle and the polymer mem 
brane. In addition to supplementing the restoring force, the 
spring element can aid in hampering unWanted rotational 
movements of the handle and the connected membrane 
around an axis Which is perpendicular to the surface of the 
polymer membrane. 
[0020] Advantageously, even When the handle is in its Zero 
position, the membrane is elastically extended, in particular 
along the ?rst direction. Thus, When the handle is moved 
along the ?rst direction, the membrane remains taught every 
Where, and buckling is avoided. Advantageously, the exten 
sion is by at least 100% in length. 
[0021] In another advantageous embodiment, the handle is 
displaceable in a third direction perpendicular to the mem 
brane. In order to detect such a displacement, the device 
further comprises: 
[0022] a ?rst contact electrode mounted to the membrane, 
[0023] a second contact electrode mounted to the frame, 
and 
[0024] a gap betWeen said ?rst and second contact elec 
trodes. 
[0025] A su?icient displacement of said handle along said 
third direction elastically deforms the membrane for closing 
said gap. Hence, When the handle is pushed doWn in the third 
direction, the contact electrodes touch each other, resulting in 
a measurable resistance change. This resistance change can 
be interpreted as a selection action. 

[0026] In another advantageous embodiment, the device 
comprises at least a top and a bottom elastic actuating elec 
trode arranged on opposite sides of the membrane as Well as 
anAC voltage generator connected to the actuating electrodes 
for applying anAC voltage over the actuating electrodes. The 
actuating electrodes can be the same electrodes as the sensing 
electrodes, or separate electrodes. When the AC voltage is 
applied betWeen the actuating electrodes, electrostatic forces 
cause a reduction of the distance betWeen them. This results in 
deformation of the membrane and thereby in a lateral dis 
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placement of the handle attached to the membrane. This dis 
placement can be sensed by the operator touching the handle, 
as a feedback signal. Since the planar elongation of the poly 
mer membrane depends on the voltage difference applied 
betWeen the electrodes, the displacement of the handle can 
easily be controlled. 
[0027] An alternative advantageous approach to generate 
such a feedback signal to the operator is to integrate one or 
more layers of an electroactive polymer (EAP) With top and 
bottom electrodes in the head section of the handle, Which can 
consist of tWo or more parts. This layer of electroactive poly 
mer can either be arranged similarly to a “classical capacitor” 
actuator in Which the layer of EAP is sandWiched betWeen a 
top- and a bottom electrode, or as Zipper actuator With at least 
partly inclined surfaces and spatially varying electrode dis 
tances in the head section of the handle. Upon application of 
a voltage betWeen the electrodes, the distance betWeen these 
electrodes typically decreases, thus leading to a reduction in 
length along the third direction of the head section of the 
handle and thus providing a feedback vibration to the opera 
tor. 

[0028] The device can thus be used as input device for 
motion control and feedback device at the same time. 

[0029] In another advantageous embodiment, the geom 
etries and positions of the sensing electrodes on or in the 
membrane are arranged such that a simple yet highly sensitive 
readout procedure can be used to determine the position of the 
handle. In this embodiment, tWo basically line-shaped elec 
trode legs extend essentially straight from the periphery of the 
membrane to its center part Where they are connected to each 
other, thus forming a letterV-shaped electrode. At least tWo of 
these letter V-shaped electrodes are arranged on or in the 
membrane at a mutual angle of rotation of typically 90°, With 
the axis of rotation being perpendicular to the membrane 
surface. If the handle is displaced in a direction parallel to the 
membrane Which corresponds to the axis of symmetry of one 
of these letter V-shaped electrodes, the resistance of the cor 
responding electrode changes considerably While the resis 
tance of the perpendicular electrode remains essentially con 
stant. Thus, a decoupling of the electrical position readout 
signals is achieved and the position of the handle can be 
detected With high sensitivity and loW computational effort. 
An optional third letter V-shaped electrode enables the read 
out of rotational movements of the handle. 

[0030] Advantageously, the polymer membrane has a 
thickness larger than 100 nm and/or smaller than 5 mm. A 
thickness beloW 100 nm makes the device dil?cult to manu 
facture, While a thickness above 5 mm requires a large voltage 
to be applied to the electrodes for the feedback function and a 
large force external mechanical displacement. 
[0031] In an advantageous embodiment, the polymer mem 
brane is made of polymers (e.g. PDMS Sylgard 186 by DoW 
Corning or Optical Gel OG-l00l by LitWay) or acrylic 
dielectric elastomers. Such materials alloW a substantial 
deformation so that the handle can be displaced by a large 
distance. 

[0032] An embodiment of a device according to the present 
invention may be obtained by a procedure comprising the 
folloWing steps: 
[0033] applying the electrode(s) to the polymer membrane, 
eg by printing, 
[0034] stretching a polymer ?lm, advantageously by at 
least 20%, eg 100%, in x- and y-direction 
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[0035] attaching the membrane to said frame; and 
[0036] applying said handle to the membrane. 
[0037] The order of the above steps is advantageously as 
indicated, but it may also be changed. For example, the elec 
trode(s) may be applied after stretching the membrane or after 
applying the membrane to the frame. HoWever, advanta 
geously, the electrodes should be stretched together With the 
membrane, i.e. the electrodes should be applied to the poly 
mer ?lm prior to stretching the same. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] The invention Will be better understood and objects 
other than those set forth above Will become apparent When 
consideration is given to the folloWing detailed description 
thereof. Such description makes reference to the annexed 
draWings, Wherein: 
[0039] FIG. 1 is a sectional vieW of a ?rst embodiment of a 
device using resistive measurements, 
[0040] FIG. 2 shoWs the device of FIG. 1 With the handle 
moved to one side along direction X, 
[0041] FIG. 3 shoWs the device of FIG. 1 With the handle 
moved to the opposite side of direction X, 
[0042] FIG. 4 is a top vieW of the device of FIG. 1, 
[0043] FIG. 5 is the device of FIG. 4 With its handle dis 
placed along Y 
[0044] FIG. 6 is the device of FIG. 4 With its handle dis 
placed opposite to Y, 
[0045] FIG. 7 is a second embodiment of the device using 
capacitive measurement, 
[0046] FIG. 8 is a top vieW of the device of FIG. 7, 
[0047] FIG. 9 is a sectional vieW of a third embodiment 
having a limiter for vertical displacement, 
[0048] FIG. 10 is a sectional vieW of a fourth embodiment 
having a limiter for vertical displacement, 
[0049] FIG. 11 is a sectional vieW of a ?fth embodiment 
designed to detect a vertical handle motion, 
[0050] FIG. 12 is the device of FIG. 11 With depressed 
handle, 
[0051] FIG. 13 is a top vieW of the device of FIG. 11, 
[0052] FIG. 14 is a sectional vieW of a sixth embodiment 
designed to detect a vertical handle motion, 
[0053] FIG. 15 is the device of FIG. 14 With depressed 
handle, 
[0054] FIG. 16 is a sectional vieW of a seventh embodiment 
designed to detect a vertical handle motion, 
[0055] FIG. 17 is a sectional vieW of an eighth embodiment 
of the device With mechanical feedback, 
[0056] FIG. 18 is a top vieW of the device of FIG. 17, 
[0057] FIG. 19 illustrates the position of the handle Without 
applied voltage, 
[0058] FIG. 20 illustrates the position of the handle With 
applied voltage, 
[0059] FIG. 21 is a top vieW of a ninth embodiment having 
a reference electrode, 
[0060] FIG. 22 is a top vieW of a tenth embodiment of the 
device having a single electrode, 
[0061] FIG. 23 is a top vieW of the device of FIG. 22, 
[0062] FIG. 24 is a variant of the device of FIG. 23, 
[0063] FIG. 25 is an eleventh embodiment of the device 
With rotating handle, 
[0064] FIG. 26 is a top vieW of the device of FIG. 25 With 
the handle in a ?rst rotary position, 
[0065] FIG. 27 is a top vieW of the device of FIG. 25 With 
the handle in a second rotary position, 
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[0066] FIG. 28 is an embodiment of a resistance sensing 
circuit to be used in the present device, 
[0067] FIG. 29 is an embodiment of a capacitance sensing 
circuit to be used in the present device, 
[0068] FIG. 30 is a top vieW of a thirteenth embodiment of 
the device using resistive measurements With letter V-shaped 
electrodes, 
[0069] FIG. 31 is the device of FIG. 30 With its handle 
displaced along Y, 
[0070] FIG. 32 is the device of FIG. 30 With its handle 
displaced opposite to Y, 
[0071] FIG. 33 is a fourteenth embodiment of the device 
With a tWo-part head section of the handle and an electroactive 
polymer and tWo electrodes in the head section, 
[0072] FIG. 34 is the head section of the handle of FIG. 33 
With the top part of the head section retracted opposite to Z, 
[0073] FIG. 35 is a variant of the head section of the handle 
of FIG. 33 With a Zipper actuator, 
[0074] FIG. 36 is the head section of the handle of FIG. 35 
With the head section retracted opposite to Z, 
[0075] FIG. 37 is a perspective representation of a ?fteenth 
embodiment of the device comprising a spring element, and 
[0076] FIG. 38 is a top vieW of a variant of the device of 
FIG. 23 utiliZing a single electrode. 
[0077] Any top vieWs represent the frame, membrane and 
handle in semi-transparent manner and shoW the bottom elec 
trodes of the membrane only, With the exception of the top 
vieWs of FIGS. 26 and 27, Which shoW the top electrodes only. 

DETAILED DESCRIPTION OF EMBODIMENTS 

De?nitions 

[0078] The term “?exible polymer membrane” designates a 
?exible material body that has a thickness much smaller than 
its Width and length, and that can be reversibly and elastically 
extended, along a direction perpendicular to its Width, by at 
least 10% Without being damaged. 
[0079] The term “rigid” is used to describe a material that is 
substantially more rigid than the ?exible polymer membrane. 
[0080] The term “parallel to the membrane” is de?ned as 
folloWs: 

[0081] if the membrane lies Within a single plane, the 
term designates a direction parallel to said plane; 

[0082] if the membrane does not lie Within a single plane, 
the term designates a direction parallel to a local tangen 
tial plane of the membrane at a location Where the handle 
is connected to the membrane. 

[0083] The terms “axial” and “perpendicular to the mem 
brane” designate a direction perpendicular to all directions 
that are parallel to the membrane. 
[0084] The term “lateral” is used to designate a direction 
perpendicular to the axial direction, i.e. a direction parallel to 
the membrane. 
[0085] The term “?exible electrode” or, equivalently, 
“compliant electrode” for an electrode on or in the membrane 
designates an electrode that can be reversibly and elastically 
extended together With the membrane by at least 20% Without 
being damaged. 
[0086] “Top” and “bottom” designate a direction Where the 
apex of the handle is directed toWards the top of the device and 
the membrane is beloW the handle. Any terms relating to a 
vertical reference system, such as “up”, “doWn”, “above”, 
“beloW” etc. are to be interpreted in this sense. 
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Introduction 

[0087] The embodiments shoWn in the folloWing exploit 
one or both of the folloWing effects: 
[0088] 1. Position measurements are carried out using the 
fact that stretching a compliant electrode on a membrane 
changes its area and resistance. The change in resistance can 
be measured by means of a resistance sensing circuit. The 
change in area can be measured using a capacitance sensing 
circuit. 
[0089] 2. Force feedback is provided using displacements 
due to MaxWell stress induced deformation. This phenom 
enon relates to the deformation of a polymer material sand 
Wiched betWeen tWo compliant electrodes. When a voltage is 
applied betWeen said electrodes, the electrostatic forces 
resulting from the free charges squeeze and stretch the poly 
mer. 

[0090] The present invention can be implemented in a vari 
ety of forms, eg as joystick. In the folloWing, We describe 
some of these applications and various embodiments of the 
device. 

First Embodiment 

[0091] One possible embodiment of the present invention is 
a self-centering joystick as shoWn in FIGS. 1-6. This embodi 
ment comprises a polymer membrane 101 held in a rigid 
frame 102. In the embodiment shoWn, membrane 101 and 
frame 102 are rotationally symmetric about an axis A extend 
ing perpendicularly to membrane 101. A handle 103 is 
mounted in frame 102 and connected to membrane 101. 
[0092] Frame 102 forms an upper lid 102a extending par 
allel to membrane 101 and having a central opening 10219. 
The top side (i.e. the side facing aWay from membrane 101) of 
lid 102a forms a ?at support surface 102c. 
[0093] Handle 103 can e.g. directly form a button operated 
by a user, or it may be connected to a rod or stick for easier 
manipulation. It has a head section 10311 With a ?at bottom or 
sliding surface 103!) resting against support surface 1020. A 
shaft section 1030 of handle 103 extends from head section 
10319 through opening 102!) and is anchored in membrane 
101, e. g. by Welding or gluing. 
[0094] Handle 103 is of a rigid material and displaceable 
along a ?rst direction X parallel to membrane 101 as Well as 
a second direction Y parallel to membrane 101 and perpen 
dicular to ?rst direction X (see FIG. 4). In fact, in the present 
embodiment, handle 103 is displaceable in any direction 
Within the plane spanned by X and Y, With sliding surface 
103!) sliding against support surface 1020. It must be noted, 
though, that the principles of the present invention can also be 
used for a device Whose handle is displaceable in a single 
direction only. 
[0095] Membrane 101 comprises a section 10111, Which is 
suspended Within frame 102, With handle 103 being con 
nected to the suspended section 10111. Membrane 101 is sus 
pended in frame 102 in elastically extended state such that it 
remains stretched for any position of handle 103. 
[0096] Sensing electrodes 108a and 10819 are applied to the 
surface of or embedded Within membrane 1 01. The electrodes 
are arranged at least partially in or on suspended section 101 
a of membrane 101. The geometries of the electrodes can be 
round, square, lines or any other appropriate form. In the ?rst 
embodiment, they are substantially U-shaped With a middle 
section extending into suspended section 101 a of membrane 
101 and end sections being connected to metal pads 105. The 
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metal pads 105 are arranged at the top side of a foot section 
104 of frame 102. Vias 106 extend from the metal pads 105 to 
?ip-chip contacts 10711 at the bottom of foot section 104. 
Further ?ip -chip contacts 1 07b may be provided at the bottom 
of foot section 104 for mounting purposes or for contacting 
other parts of the device, as Will be illustrated in later 
examples. 
[0097] Without the application of an external force, mem 
brane 101 Will assume its minimum energy state as shoWn in 
FIGS. 1, 4, and 30, Where handle 103 is in the centre of the 
device, in its “Zero position”. When an external force in the 
X-Y-plane is applied to handle 103, handle 103 is displaced 
from its Zero position against a resetting force of membrane 
101. This Will cause membrane 101 to be deformed, thereby 
either stretching or compressing the sensing electrodes 108a, 
1081). In FIGS. 5 and 6, this is illustrated for a displacement 
along the directionY, Where electrode 108!) is either stretched 
(FIG. 5) or compressed (FIG. 6). Similarly, FIGS. 2 and 3 
illustrate a displacement of along and opposite to direction X. 
[0098] The compression or extension of a sensing electrode 
108a, 1081) causes its resistance to change. This change can 
be measured by means of a resistance sensing circuit. Such a 
circuit, Which can be used With any of the embodiments 
shoWn herein, is illustrated in FIG. 28, Where the electrode 
10811 or 10819 to be sensed is shoWn as unknown resistor Rx. 
Resistor Rx is in series to a reference resistor Rref in a voltage 
divider, and the tWo resistors are arranged betWeen ground 
and a DC reference voltage. Reference resistor Rref can be a 
conventional, ?xed resistor, or it may be formed by a refer 
ence electrode on membrane 101, as further described beloW. 
[0099] The voltage betWeen the tWo resistors in respect to 
ground is processed as a measure of the position of handle 
103, eg by ampli?cation in an ampli?er 140 and analog-to 
digital conversion in an ADC 141. 
[0100] It Will be understood that the resistance sensing 
circuit of FIG. 28 is but one of numerous circuits that can be 
used for deriving a digital or analog signal indicative of the 
resistance of the sensing electrodes. 
[0101] In the embodiment of FIGS. 1-6, lid 102a forms a 
limiter, subsequently called the “?rst limiter”, restricting the 
displacement of handle 103a along directions X and or Y. 
Upon a maximum displacement of handle 103 along X orY, 
as shoWn in FIGS. 2 and 3, shaft section 1030 abuts against lid 
102a, thereby preventing further displacement. It must be 
noted that When the handle is lifted up, and four sensing 
electrodes are equally distributed on the membrane, the 
device can also be used to measure axial displacement. In this 
case, the resistance of all four sensing electrodes is increas 
ing, due to the simultaneous elongation of the electrodes. 

Second Embodiment 

[0102] The second embodiment of the device shoWn in 
FIGS. 7 and 8 substantially corresponds to the ?rst embodi 
ment, With the exception that it is designed to use a capacitive 
measurement for determining the position of handle 103. 
[0103] For this purpose, membrane 101 is equipped With at 
least one top electrode 111 and at least one bottom electrode 
108a-108d, both of Which are acting as sensing electrodes. 
The top and bottom electrodes are arranged on opposite sides 
of the membrane, and their mutual electrical capacitance 
depends on their siZe and distance. As mentioned above, both 
siZe and distance change When membrane 101 is stretched or 
compressed due to a movement of handle 103, ie the capaci 
tance is a measure of the position of handle 103. 
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[0104] As can be seen in FIG. 8, Which illustrates the posi 
tions of the bottom electrodes 108a-108d, there are four such 
electrodes arranged at the periphery of the four quadrants of 
membrane 101. At least tWo bottom electrodes (or, more 
generally, at least tWo capacitors formed by the sensing elec 
trodes) are required if handle 103 has tWo degrees of freedom, 
and at least one bottom electrode or capacitor is required if 
handle 103 has one degree of freedom. Providing tWo bottom 
electrodes or capacitors per degree of freedom alloWs to pro 
vide more accurate measurements, eg by differentially pro 
cessing their capacitances. 
[0105] In the embodiment of FIG. 7, top electrode 111 is a 
single electrode covering the Whole membrane 101. Such a 
simple electrode is easy to manufacture and provides electri 
cal shielding for the components beloW it. Alternatively, top 
electrode 111 can consist of several separate segments, With 
each segment e.g. coinciding With a single bottom electrode 
108a-d. 
[0106] A capacitance sensing circuit is connected to the 
device for measuring the capacitance Cx formed by a top and 
a bottom electrode. An embodiment for such a circuit is 
shoWn in FIG. 29. Similar to the circuit of FIG. 28, capacitor 
Cx is in series to a reference capacitor Cref in a voltage 
divider, and the tWo capacitors are arranged betWeen ground 
and an AC reference voltage Vref. Reference capacitor Cref 
can be a conventional, ?xed capacitor, or it may be formed by 
a reference capacitor on membrane 101. In particular, in the 
embodiment of FIG. 8, it may be the capacitor formed by the 
sensing electrodes diagonally opposite to the sensing elec 
trodes forming capacitor Cx. For example, if capacitor Cx is 
formed by bottom electrode 108a and top electrode 111, 
capacitor Cref may be formed by bottom electrode 108!) and 
top electrode 111. This design has the advantage that tem 
perature and material drift effects affect both Cx and Cref in 
similar manner, While a displacement of handle 103 affects 
Cx and Cref in opposite manner, thereby maximiZing the 
signal to drift/noise ratio. 
[0107] In the circuit of FIG. 29, the voltage over capacitor 
Cx is processed as a measure of the position of handle 103, 
eg by ampli?cation in an ampli?er 140, loW pass ?ltering in 
a loW pass ?lter 142 and analog-to-digital conversion in a 
ADC 141. 

Third Embodiment 

[0108] The third embodiment, shoWn in FIG. 9, substan 
tially corresponds to the ?rst embodiment of FIGS. 1-6, but it 
comprises a limiter, in the folloWing called the “second lim 
iter”, preventing a displacement of handle 103 into a third 
direction Z perpendicular to membrane 101. 
[0109] In the embodiment of FIG. 9, the second limiter 
comprises 

[0110] A slot 112a formed on handle 103 betWeen the 
bottom side of head section 10311 and a rigid plate 112b. 
Rigid plate 112!) is mounted to shaft section 1030 and 
extends parallel to membrane 101, 

[0111] A projection 112c formed on frame 102, extend 
ing parallel to membrane 101 and reaching into recess 
112a. Projection 1120 is formed by lid 10211 of frame 
102. 

[0112] Slot 112a and projection 112c interlock in direction 
Z, thereby preventing a movement of handle 103 along direc 
tion Z, While alloWing for a movement of handle 103 in 
directions X and/orY. 
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Fourth Embodiment 

[0113] The fourth embodiment, shown in FIG. 10, substan 
tially corresponds to the third embodiment of FIG. 9, but has 
a slightly modi?ed design of the second limiter. In this 
embodiment, the second limiter comprises: 

[0114] A slot 112a formed on frame 102 betWeen lid 
102a and a bracket plate 112d. Bracket plate 112d is 
mounted to the top of lid 102a and comprises a section 
extending parallel to membrane 101. 

[0115] A projection 112c formed on handle 103, extend 
ing parallel to membrane 101 and reaching into recess 
112a. Projection 1120 is formed by a plate mounted to 
the periphery of head section 10311 of handle 103. 

[0116] Again, slot 112a and projection 112c interlock in 
direction Z, thereby preventing a movement of handle 103 
along direction Z, While alloWing for a movement of handle 
103 in directions X and/orY. 

Fifth Embodiment 

[0117] The ?fth embodiment is shoWn in FIGS. 11-13. In 
this embodiment, handle 103 is displaceable along third 
direction Z. 
[0118] Advantageously, a displacement of handle 103 
occurs under elastic deformation of a spring member, thus 
that handle 1 03 can be pressed doWn under deformation of the 
spring member and returns to its original position When the 
pressure is released. 
[0119] In the embodiment of FIGS. 11-13, the spring mem 
ber is formed by lid 10211 of frame 102, Which bends doWn 
Wards, as shoWn in FIG. 12, When handle 103 is pushed doWn. 
[0120] To detect a depression of handle 103, a ?rst contact 
electrode 11311 is mounted to the bottom side of membrane 
101 and a second contact electrode 113!) is mounted to the top 
side of a bottom section 10411 of frame 102. In the relaxed 
state of the device (i.e. When handle 103 is not pushed doWn), 
the ?rst and second contact electrodes 113a, 1131) are at a 
distance from each other, i.e. a gap 1130 is formed betWeen 
them (see FIG. 11). Upon suf?cient displacement of handle 
103 along direction Z, membrane 101 is deformed such that 
gap 1130 is narroWed and ultimately closed When the contact 
electrodes 113a, 1131) come into contact With each other. 
Hence by measuring the capacitance Cx betWeen the elec 
trodes 113a and 113b, a depression of handle 103 can be 
detected and quanti?ed. Additionally, by applying a voltage 
over the contact electrodes 113a, 1131) and monitoring the 
current, the closing of the gap 1130 can be detected. In the 
same manner, it can be detected if (and hoW far) the user lifts 
handle 103 because gap 113c expands and the capacitance Cx 
betWeen the electrodes 113a, 1131) decreases. Alternatively, 
electrode 113!) can be a dome sWitch, providing an improved 
clicking feedback to the user. 

Sixth Embodiment 

[0121] The sixth embodiment, shoWn in FIGS. 14 and 15, 
corresponds to the ?fth embodiment of FIGS. 11-13, With a 
different design of the spring member that is deformed When 
pressing doWn handle 103. In this embodiment, the spring 
member is formed by a rubber elastic element 102d arranged 
betWeen lid 10211 of frame 102 and membrane 101. When 
pressing handle 103 doWn, rubber elastic element 102d of 
frame 102 is compressed, as shoWn in FIG. 15. When handle 
103 is released, rubber elastic element 102d expands and 
returns to the position as shoWn in FIG. 14. 
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[0122] Again, When pressing handle 103 doWn, gap 1130 is 
closed and the contact electrodes 113a, 1131) touch. 

Seventh Embodiment 

[0123] The seventh embodiment, shoWn in FIG. 16, corre 
sponds to the ?fth embodiment of FIGS. 11-13, again With a 
different design of the spring member that is deformed When 
pressing doWn handle 103. In this embodiment, the spring 
member is formed by an elastic collar 103d of handle 103. 
Elastic collar 103d is arranged beloW head section 10311 of 
handle 103 around shaft section 1030. At its radially inner 
end, it is connected to head section 10311 or shaft section 1030, 
While its radially outer end is elastically displaceable along 
direction Z and rests against lid 10211 of frame 102. When 
handle 103 is pushed doWn, elastic collar 103d is deformed 
thus that gap 1130 can be closed. When handle 103 is 
released, elastic collar 103d returns to its con?guration shoWn 
in FIG. 16. 

Eighth Embodiment 

[0124] The eighth embodiment, shoWn in FIGS. 17-20, 
substantially corresponds to the ?fth embodiment of FIGS. 
11-13, With tWo exceptions: 

[0125] an elastic limiter section is provided for elasti 
cally restricting a motion of handle 103 along directions 
X and/orY and 

[0126] it is adapted to provide sensory feedback to the 
user. 

[0127] As mentioned in context With the ?rst embodiment, 
lid 102a forms a “?rst limiter” for restricting the displace 
ment of handle 103 along directions X and/or Y. In the 
embodiment of FIGS. 17-20, the ?rst limiter is not formed by 
lid 102a itself, but by an elastic limiter section 102e, Which is 
of a softer material than lid 102a and frame 102, thereby 
cushioning the limiter effect on handle 103. Advantageously, 
and as shoWn in FIG. 17, elastic limiter section 102e extends 
annularly around opening 102b. 
[0128] For providing sensory feedback to the user, at least 
one top actuating electrode 111 is applied to the top side of 
membrane 101, and at least one bottom actuating electrode 
108b, 108d is applied to the bottom side of membrane 101. 
[0129] Furthermore, the device comprises an AC and/or 
DC voltage generator 144 connected to the top and bottom 
actuating electrodes in order to apply an voltage across them. 
The effect of actuating such a voltage is illustrated in FIGS. 
19 and 20. When no voltage is applied, as shoWn in FIG. 19, 
membrane 101 is undeforrned and handle 103 rests in the 
center of the device. When a non-Zero voltage is applied, eg 
between bottom electrode 108d and top electrode 111, as 
shoWn FIG. 20, membrane 101 betWeen them is compressed, 
Which causes it to laterally expand, thereby moving handle 
103 aWay from the center of the device. 
[0130] Hence, the application of an AC voltage to the actu 
ating electrodes causes handle 103 to vibrate. 
[0131] Voltage generator 144 can generate a continuously 
varying voltage, individual voltage pulses or any other volt 
age shape including DC voltage. 

Ninth Embodiment 

[0132] As mentioned in respect to the ?rst embodiment and 
to FIG. 28 above, the resistance of the sensing electrodes (if a 
resistive measurement is used) is advantageously measured in 
respect to a reference resistor Rref. 














