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(54) Mechanism and method for generating a haptic signal

(57)  The invention relates to a mechanism (100) for
generating a haptic signal in a portable device. The
mechanism comprises a first vibration element (101) op-
erable to generate a varying first force vector (103) in a
substantially first direction (105) in response to a first
activation signal (701). The mechanism further compris-
es a second vibration element (107) operable to gener-
ate a varying second force vector (109) in a substantially
second direction (111) in response to a second activa-
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tion signal (703). The vibration elements (101, 107) are
mounted such that the first direction (105) is at an angle
relative to the second direction (111). Thereby a com-
bined force vector may be generated which has an an-
gular movement. Specifically, phase offset sinusoidal
signals may be used resulting in a rotating combined
force vector having a rotating application point. This al-
lows for haptic signals having a high psychophysical ef-
fect and specifically a haptic signal emulating the haptic
signal of a vibration motor may be generated.
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Description
Field of the invention

[0001] The invention relates to a mechanism and
method for generating a haptic signal and in particular
to a mechanism and method for a portable device.

Background of the Invention

[0002] In the last decade, an increasing amount of
portable electronic devices have been introduced to the
market and have become increasingly widespread. This
trend towards portability and mobility has seen the in-
troduction of many portable communication and com-
puting platforms and devices.

[0003] Most significant is probably the introduction
and uptake of mobile phones, but other examples in-
clude portable personal music players and portable
computing devices such as laptop computers or Person-
al Digital Assistants (PDAs).

[0004] As these electronic portable devices mature,
the user interface (or man - machine interface) has at-
tracted increased attention and much research has
been undertaken to improve the user friendliness and
ease of operation. For example, alternative input or out-
put means has been introduced including voice activat-
ed control, audio feedback etc.

[0005] Specifically, it has been commonplace for mo-
bile telephones to extend the aural and visual interface
by a haptic alert signal. Specifically a vibration signal
may be generated when an incoming call is received
thereby alerting a user.

[0006] Vibration alerts are typically implemented by
use of a vibration motor. A vibration motor generates a
vibration signal by rotating a mass offset from the rota-
tional axis in response to an electrical signal.

[0007] However, vibration motors tend to be relatively
bulky and to have relatively high power consumption. A
vibration motor furthermore comprises moving parts
and is mechanically relatively fragile. Furthermore, the
vibration movement is limited and the tactile signal that
may be generated is consequently limited and inflexible.
[0008] Furthermore, conventional motor alerts are
stand-alone components only used for generating a
haptic alert signal. They consequently add extra com-
plexity, cost, volume and weight to devices.

[0009] In order to overcome the disadvantages of the
vibration motors, it has been attempted to use multi
functional transducers to generate a haptic alert signal.
However, a multi function transducer tends to be even
less effective than a vibration motor since it generates
only a rectilinear signal.

[0010] Although the multi function transducer may
provide the same acceleration and force magnitudes as
a motor alert, empirical tests on a large population and
with many different coupling configurations have shown
that a multi function transducer is not capable of attract-
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ing the average human operator's attention as effective-
ly as a motor alert. Thus, the multi function transducer
tends to provide a single rectilinear vibration signal
which has a significantly lower psychophysical effective-
ness.

[0011] Hence, an improved system for generating a
haptic signal, and in particular a haptic alert signal,
would be advantageous. Specifically a system allowing
for increased flexibility, reduced complexity, reduced
size, reduced power consumption, reduced cost, in-
creased reliability and high psychophysical effect would
be advantageous.

Summary of the Invention

[0012] Accordingly, the Invention seeks to mitigate,
alleviate or eliminate one or more of the above men-
tioned disadvantages singly or in any combination.
[0013] According to a first aspect of the invention,
there is provided a mechanism for generating a haptic
signal in a portable device comprising: a first vibration
element operable to generate a varying first force vector
in a substantially first direction in response to a first ac-
tivation signal; a second vibration element operable to
generate a varying second force vectorin a substantially
second direction in response to a second activation sig-
nal; wherein the first vibration element is mounted rela-
tive to the second vibration element such that the first
direction is at an angle with respect to the second direc-
tion whereby a combined force vector of the first and
second force vector may perform an angular movement.
[0014] The invention allows for substantially rectiline-
ar force vectors generated by the first and second vibra-
tion elements to combine such as to generate a force
vector which performs an angular movement and is not
limited to the directions of the rectilinear force vectors.
[0015] The first and second vibration elements may
be controlled by the first and second activation signal
such that the combined force vector performs a desired
movement. Specifically, the first and second activation
signals may be such that the psychophysical effect is
increased or maximised. Many possible haptic signals
may be generated depending on the activation signals
and thus a high degree of flexibility is achieved. For ex-
ample, different activation signals and thus different
haptic signals may be generated in different situations.
[0016] Thus, the invention allows for a range of differ-
ent haptic signals to be generated simply by generating
different activation signals. The flexibility allows for the
haptic signal to be optimised for the psychophysical ef-
fect such that an effective haptic alert signal may be gen-
erated. Specifically, the invention may allow for the gen-
eration of a haptic or tactile signal having a rotating force
vector, according to a defined time function, which fur-
thermore has a rotating application point. Empirical tests
have shown that this enables an effective psychophys-
ical alert signal.

[0017] The inventors of the current invention have
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specifically realised that a vibration motor of a portable
device may be replaced by two substantially rectilinear
vibration elements without reducing the psychophysical
effectiveness. Specifically, the vibration elements may
be coupled and controlled such as to emulate the haptic
sensation of a vibration motor and provide an equivalent
psychophysical effect. Thus, a vibration motor may be
replaced by simpler vibration elements thereby allowing
for a reduction in power, complexity, cost and increased
reliability of not just the mechanism for generating the
haptic signal but also of the device in which the mech-
anism is included.

[0018] According to afeature of the invention, the var-
ying of the first force vector is an oscillating movement.
The second force vector may also perform an oscillating
movement. This allows for simple vibration elements
and/or simple activation signals while providing a haptic
signal having a high psychophysical effect.

[0019] According to a feature of the invention, the an-
gular movement of the combined force vector is a rota-
tional movement. Empirical tests have shown that this
enables a haptic signal having a high psychophysical
effect. The haptic signal may furthermore be similar to
a haptic signal that may be generated by a vibration mo-
tor.

[0020] According to a feature of the invention, the first
vibration element is a multifunction transducer. The sec-
ond element may preferably also be a multi function
transducer. This allows for a dual functionality of the vi-
bration elements thereby allowing for a reduction of size,
cost, complexity and or weight of a device comprising
the mechanism.

[0021] According to a feature of the invention, the first
vibration element is further operable to generate an au-
dio signal in response to the first activation signal. The
first vibration element may be a multi function transduc-
er operable to generate sound. The multi function trans-
ducer may thus be used both for generating sound as
well as for generating the haptic signal.

[0022] The second vibration element may also be op-
erable to generate an audio signal in response to the
second activation signal. The second vibration element
may be a multi function transducer operable to generate
sound. The multi function transducer may thus be used
both for generating sound as well as for generating the
haptic signal. If both vibration elements are multi func-
tion transducers operable to generate sound, a biphonic
sound signal may be generated (e.g. a stereo sound).
This is likely to be a highly desired feature of for example
mobile phones. In addition, the same multi function
transducers may furthermore provide an effective haptic
alert signal which may specifically emulate a haptic sig-
nal from a vibration motor.

[0023] According to a feature of the invention, the
mechanism further comprises means for generating an
audio activation signal and the first vibration element is
further operable to generate an audio signal in response
to the audio activation signal.
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[0024] An audio activation signal may be generated
and used to control the multi function transducer such
as to generate a desired sound. For example a sound
generator may generate an audio alert signal, a music
processor may generate a music signal or a receiver
may generate an audio signal from a received commu-
nication signal. This may reduce complexity as the multi
function transducer may be used for not only generating
an audio signal in response to the activation signal but
also to generate other sounds. Specifically, the multi
function transducers may be the only means of sound
generation in the device comprising the mechanism.
Hence, a very simple device is achieved comprising only
the multi function transducers for generating both sound
and haptic signals.

[0025] According to a feature of the invention, the first
vibration element is mounted relative to the second vi-
bration element such that the first direction is offset by
substantially 90 degrees with respect to the second di-
rection. This allows for a particularly advantageous
movement of the combined force vector and may spe-
cifically allow for a substantially constant momentum.
Specifically, the activation signals may be such that the
combined force vector rotates while having a substan-
tially constant magnitude. In addition, a rotating appli-
cation point may be achieved.

[0026] Accordingto afeature of the invention, the sec-
ond activation signal corresponds to a delayed version
of the first signal. This allows for suitable activation sig-
nals which are simple to generate and control.

[0027] According to a feature of the invention, the first
activation signal is a substantially sinusoidal signal. This
allows for suitable activation signals which are simple to
generate and control. Specifically, it may allow for a ro-
tating but constant magnitude combined force vector.
[0028] Accordingto afeature of the invention, the sec-
ond activation signal is a substantially sinusoidal signal
offset by substantially 90 degrees. This allows for suit-
able activation signals which are simple to generate and
control. Specifically, it may allow for a rotating but con-
stant magnitude combined force vector.

[0029] According to a feature of the invention, a fre-
quency of the first activation signal is substantially equal
to a resonance frequency of the first vibration element.
The first activation signal may be such that it (at least)
for a proportion of the time is substantially equal to the
resonance frequency of the first vibration element. This
will allow for the resulting force vector to have an in-
creased or maximised magnitude thus increasing the
strength of the haptic alert signal.

[0030] A frequency of the second activation signal
may also preferably be substantially equal to a reso-
nance frequency of the second vibration element, at
least for a proportion of the time.

[0031] According to a feature of the invention, the
mechanism further comprises means for varying a fre-
quency of the first activation signal.

[0032] According to a feature of the invention, the
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means for varying the frequency is operable to frequen-
cy modulate the first activation signal. The frequency
modulation may for example result in a repeating fre-
quency sweep over a frequency range in which the res-
onance frequency of the first vibration element is likely
to be. This allows for an activation signal which has a
high probability of matching the resonance frequency of
the first vibration element for at least part of the duration
of the activation signal. As the resonance frequency of
a vibration element may depend on e.g. manufacturing
tolerances, the exact resonance frequency is generally
not known. This uncertainty is mitigated by sweeping the
frequency of the activation signal over the frequency tol-
erance range.

[0033] The mechanism is preferably comprised in
portable device. Thus the invention allows for a portable
device having low complexity, low cost, high flexibility,
low size and/or weight and which is able to generate an
efficient haptic signal.

[0034] According to a feature of the invention, the
portable device is a personal communication device.
The personal communication device may for example
be a mobile phone.

[0035] According to afeature of the invention, the per-
sonal communication device further comprises means
for detecting an incoming call and means for generating
the first and second activation signal in response to the
detection of the incoming call. Thus the invention allows
for a low complexity personal communication device
which may generate an efficient haptic alert signal in re-
sponse to an incoming call.

[0036] According to a second aspect of the invention,
there is provided a method of generating a haptic signal
in a portable device comprising: generating a varying
first force vector in a substantially first direction in re-
sponse to a first activation signal; generating a varying
second force vector in a substantially second direction
in response to a second activation signal; wherein the
first direction is at an angle with respect to the second
direction whereby a combined force vector of the first
and second force vector performs an angular move-
ment. Specifically, the first and second force vectors
may result in a combined rotating force vector having a
rotating application point.

[0037] These and other aspects, features and advan-
tages of the invention will be apparent from and eluci-
dated with reference to the embodiment(s) described
hereinafter.

Brief Description of the Drawings

[0038] An embodiment of the invention will be de-
scribed, by way of example only, with reference to the
drawings, in which

FIG. 1 illustrates a mechanism for generating a hap-
tic signal in a portable device in accordance with an
embodiment of the invention;
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FIG. 2illustrates a simplified block diagram of a per-
sonal communication device in accordance with an
embodiment of the invention;

FIGs. 3 to 6 illustrate a mechanism for generating
a haptic signal in accordance with an embodiment
of the invention in different states of operation; and

FIG. 7 illustrates two activation signals for a mech-
anism for generating a haptic signal in accordance
with an embodiment of the invention.

Detailed Description of a Preferred Embodiment of the
Invention

[0039] The following description focuses on an em-
bodiment of the invention applicable to a personal com-
munication device such as a mobile phone. However, it
will be appreciated that the invention is not limited to this
application but may be applied to many other portable
devices.

[0040] FIG. 1 illustrates a mechanism 100 for gener-
ating a haptic signal in a portable device in accordance
with an embodiment of the invention.

[0041] The mechanism 100 comprises a first vibration
element 101 which may generate a varying first force
vector 103 when an alternating electrical signal is sup-
plied to the vibration element 101. The vibration element
101 is operable to generate a substantially rectilinear
force vector. The first force vector 103 in the example of
FIG. 1 thus extends substantially in a first direction 105.
Although the first force vector 103 is substantially recti-
linear, the magnitude and preferably sign of the first
force vector 103 varies. Thus the first force 103 vector
is aligned with the first direction105 but the effective
force generated by the vibration element 101 may be
towards either end of the first direction 105.

[0042] Similarly, the mechanism 100 comprises a
second vibration element 107 which may generate a
varying second force vector 109 when an alternating
electrical signal is supplied to the second vibration ele-
ment 107. The second vibration element 107 is operable
to generate a substantially rectilinear force vector. The
second force vector 109 in the example of FIG. 1 thus
extends substantially in a second direction 111. Similar
to the first force vector 103, the second force vector 109
has a varying magnitude and preferably sign and the
effective force generated by the second vibration ele-
ment 107 may be towards either end of the second di-
rection 111.

[0043] The first vibration element 101 and second vi-
bration element 107 are mounted in the portable device
such that the first direction105 and the second direction
111 are at an angle with respect to each other. Thus, the
axes of the first direction105 and the second direction
111 will intersect thereby forming an angle o with each
other. Accordingly, the first force vector 103 and the sec-
ond force vector 109 are generated in different direc-
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tions relative to the orientation of the portable device.
[0044] The first vibration element 101 and the second
vibration element 107 are furthermore mounted such
that the first force vector 103 and the second force vec-
tor 109 add up to generate a combined force vector.
Specifically, both the first force vector 103 and the sec-
ond force vector 109 may be substantially rigidly cou-
pled to the portable device such that both the first force
vector 103 and the second force vector 109 act directly
on the portable device. Thereby, the resulting force vec-
tor acting on the portable device is the combined force
vector which in this embodiment is the sum of the first
force vector 103 and the second force vector 109.
[0045] As the first force vector 103 and the second
force vector 109 are in different directions, the combined
force vector resulting from a summation of the first and
second force vector 103, 109 is generally in a different
direction than the first direction105 or the second direc-
tion 111 (except for the specific situation where either
the first force vector 103 or the second force vector 109
has zero magnitude). The direction of the combined
force vector depends on the relative magnitudes of the
first force vector 103 and the second force vector 109
as these add up. Since the force vectors vary, the direc-
tion of the combined force vector also varies (provided
that the variations of the first force vector 103 and sec-
ond force vector 109 are not identical). Accordingly, the
combined force vector performs an angular movement.
[0046] The mechanism 100 is thus operable to gen-
erate a combined force vector which is not limited to the
first direction105 or the second direction 111 but which
moves in the angular domain. The magnitude, applica-
tion point and direction of the combined force vector de-
pend on the mechanical mounting characteristics of the
first vibration element 101 and second vibration element
107. It furthermore depends on the electrical signals ap-
plied to the vibration elements 101, 107 and may thus
be controlled simply by generating suitable electrical ac-
tivation signals and supplying these to the vibration el-
ements 101, 107.

[0047] Thus a mechanism suitable for generating a
wide range of haptic signals is achieved. The control of
the direction and magnitude of the resulting combined
force vector allows for a high degree of freedom and
specifically allows for a highly effective psychophysical
haptic alert signal to be generated.

[0048] FIG. 2 illustrates a simplified block diagram of
a personal communication device 200 in accordance
with a preferred embodiment of the invention.

[0049] The personal communication device 200 com-
prises a processor 201 which controls the operation of
the personal communication device 200. The processor
201 thus performs the operations required or desired for
the operation of the personal communication device 200
including controlling other hardware functional modules.
[0050] The processor 201 is coupled to a transceiver
module 203 which is operable to transmit and receive
radio signals. The processor 201 implements most of

10

15

20

25

30

35

40

45

50

55

the functionality required for the personal communica-
tion device 200 to communicate in accordance with the
requirements of the specific communication protocol in-
cluding source encoding, data segmentation, control
signalling, error management etc as will be known to the
person skilled in the art. The transceiver module 203
performs amplification, frequency translation and con-
version between the analogue and digital domain. Spe-
cifically, the conversion between the analogue and dig-
ital domain may be at an intermediate frequency thus
allowing most of the modulation and demodulation to be
performed by the processor 201.

[0051] The processor 201 is further coupled to an in-
put module 205 which is operable to receive a user input
and couple this, to the processor 201. The input module
205 may specifically comprise a keyboard which may
be operated by a user.

[0052] The processor 201 is further coupled to an out-
put module 207. The processor 201 may control the out-
put module 207 to generate a suitable output to a user.
[0053] The output module 207 may specifically com-
prise a display for generating a visual display.

[0054] The processor 201 is also coupled to a first ac-
tivation signal generator 209 which is operable to gen-
erate a first activation signal. The first activation signal
generator 209 is coupled to the first vibration element
101 of the mechanism of FIG. 1. The first vibration ele-
ment 101 is operable to vibrate and thus to generate a
substantially rectilinear force vector in response to the
first activation signal.

[0055] The processor 201 is also coupled to a second
activation signal generator 211 which is operable to gen-
erate a second activation signal. The second activation
signal generator 211 is coupled to the second vibration
element 107 of the mechanism of FIG. 1. The second
vibration element 107 is operable to vibrate and thus to
generate a substantially rectilinear force vector in re-
sponse to the second activation signal.

[0056] Inthe embodiment of FIG. 2, the main proces-
sor 201 or controller of a personal communication de-
vice is thus operable to control the mechanism of FIG.
1 to produce a haptic signal.

[0057] As a specific example, the personal communi-
cation device 200 may receive an incoming call. This
will be detected by the processor 201 which in return
may control the first activation signal generator 209 and
the second activation signal generator 211 to generate
a first activation signal and a second activation signal.
The activation signals drive the vibration elements 101,
107 to generate a haptic signal which may alert the user
to the incoming call.

[0058] The processor 201 may specifically control the
signal generators 209, 211 such that a desired haptic
signal is generated. Specifically, a haptic signal maxim-
ising the psychophysical effect for a given amplitude of
the generated forces may be produced.

[0059] In some embodiments, the processor 201 is
operable to generate different haptic signals dependent
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on the cause of the haptic signal. For example, one hap-
tic signal may be generated in response to a detection
of an incoming call and a different haptic signal may be
generated in response to for example an alarm of a cal-
endar application.

[0060] In the preferred embodiment, the signal gen-
erators 209, 211 comprise Digital-to-Analogue convert-
ers which are operable to generate an analogue signal
in response to digital values received from the processor
201. The digital values are suitably amplified (or buff-
ered) by an analogue amplifier of the signal generators
209, 211 to generate suitable electrical activation sig-
nals for the vibration elements. The processor 201 may
in this embodiment directly output digital data values
corresponding to the desired activation signals. For ex-
ample, a desired waveform may be stored in memory of
the processor 201 as a sequence of digital data values.
When an activation signals is to be generated, these da-
ta values may be read out to the Digital-to-Analogue
converters of the signal generators 209, 211 thereby re-
sulting in the desired activation signals being generated.
[0061] In the preferred embodiment, the vibration el-
ements are multi function transducers capable of pro-
ducing not only a force vector but also a sound signal.
[0062] Multi function transducers in accordance with
the preferred embodiment are devices that incorporate
a loudspeaker and a linear vibrator into one package.
Unlike in a normal loudspeaker, the magnet structure is
not mechanically 'grounded’, has its own suspension
system tuned to a low frequency and may be moved by
a varying electromagnetic field generated in response
to the activation signals in the frequency region of the
magnet suspension resonance. The magnetic element
comprises a mass which, when accelerated by the elec-
tromagnetic field, generates a force vector. The move-
ment of the magnetic element is constrained to a sub-
stantially linear movement thereby resulting in a sub-
stantially rectilinear force vector.

[0063] Above the magnet resonance the magnet
structure behaves as if it were grounded and the whole
system behaves like a traditional loudspeaker in which
the vibration of a diaphragm generates a sound signal.
Thus the activation signals can result not only in a force
vector being generated but also in a sound signal being
produced by the multi function transducers.

[0064] Inthe preferred embodiment, the multi function
transducers are further operable to generate an audio
signal in response to an audio activation signal. The au-
dio activation signal may for example be generated by
the processor 201 and may be an audio signal used to
provide an aural user interface. Specifically, the multi
function transducers may be used as the loudspeakers
of the personal communication device 200. Thus the
multi function transducers may double as loudspeakers
for outputting received speech, ringtones etc.

[0065] In the preferred embodiment, the processor
201 may output the audio activation signal using the
same process and means as for outputting the activa-
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tion signals for generating a haptic signal. Accordingly,
the audio activation signals may comprise a first sub-
signal for the first multi function transducer and a second
sub-signal for the second multi function transducer. This
may specifically be used to generate biphonic sounds.
[0066] FIGs. 3 to 6 illustrate the mechanism for gen-
erating a haptic signal of FIG. 1 in different states of op-
eration. FIG. 7 illustrates a first activation signal 701 and
a second activation signal 703 for a mechanism for gen-
erating a haptic signal in accordance with an embodi-
ment of the invention. The different states of operation
of FIG. 3 to 6 correspond to different time instants for
the activation signals of FIG. 7. In the preferred embod-
iment, the first activation signal 701 is a substantially
sinusoidal signal and the second activation signal is a
substantially sinusoidal signal delayed with respect to
the first activation signal 701 by a value corresponding
to a 90 degree phase offset.

[0067] InFIG. 3, the first activation signal 701 and the
second activation signal 703 have an equal positive
magnitude corresponding to the time instant 705. Ac-
cordingly, the first force vector 103 and the second force
vector 109 have equal magnitudes in the first and sec-
ond direction 105, 111 respectively. In the example of
FIG. 3, the components of the force vectors 103, 109 in
the X-direction thus cancel each other out while the
components in the Y-direction add up to provide a large
combined force vector 401 in the positive Y-direction.
[0068] Inthe example of FIG. 3, the masses 403, 405
of the vibration elements 101,107 are symmetric around
a centre line in the Y direction. Accordingly, the point of
gravity is midway between the first and second vibration
element 101,107. The masses 403, 405 are positioned
towards the positive Y-direction side of the vibration el-
ements 101, 107 and the point of gravity is thus dis-
placed in the positive Y-direction with respect to an X-
direction centre line of the vibration elements 101, 107.
Thus the application point of the combined force vector
is in this situation centred between the vibration ele-
ments in the X-direction but offset in the positive Y-di-
rection.

[0069] InFIG. 4, the first activation signal 701 and the
second activation signal 703 have an equal magnitude
but opposite signs corresponding to the time instant
707. Specifically, the sign of the first activation signal
701 has inversed in comparison to FIG. 3. Accordingly,
the first force vector 103 and the second force vector
109 have equal magnitudes but opposite signs in the
first and second direction 105, 111 respectively. In the
example of FIG. 4, the components of the force vectors
103, 109 in the Y-direction thus cancel each other while
the components in the X-direction add up to provide a
magnitude combined force vector 401 in the negative
X-direction.

[0070] In the example of FIG. 4, the mass 403 of the
first vibration element 101 has shifted towards the other
side of the first vibration element 101. As can be seen
in FIG. 4, the masses 403, 405 of the vibration elements
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101,107 are now symmetric around a centre line of the
vibration elements 101,107 in the X direction. Accord-
ingly, the point of gravity is along the centre line of the
first and second vibration element 101,107. However,
as the vibration elements are angled with respect to
each other (and thus an Y-direction centre line), the
masses 403, 405 are no longer symmetric around this
centre line. Rather, the mass 403 of the first vibration
element 101 has shifted in the negative Y-direction
thereby causing the point of gravity, and thus the appli-
cation point of the combined force vector 401, to shiftin
the negative X-direction.

[0071] In FIG. 5, the first and second activation sig-
nals 701, 703 have an equal negative magnitude corre-
sponding to the time instant 709. Accordingly, the first
force vector 103 and the second force vector 109 have
equal magnitudes in the first and second direction 105,
111 respectively. In the example of FIG. 5, the X-direc-
tion components of the force vectors 103, 109 cancel
each other out while the components in the Y-direction
add up to provide a large combined force vector 401 in
the negative Y-direction.

[0072] InFIG. 5, the masses 403, 405 of the vibration
elements 101,107 are again symmetric around a centre
line in the Y direction. Accordingly, the point of gravity
is midway between the first and second vibration ele-
ment 101,107 in the X-direction. However, as the acti-
vation signals 701, 703 have inversed, the masses 403,
405 are now towards the negative Y-direction and the
point of gravity is thus displaced in the negative Y-direc-
tion. Thus the application point of the combined force
vector is in this situation centred between the vibration
elements in the X-direction but have an offset in the neg-
ative Y-direction.

[0073] InFIG. 6, the first activation signal 701 and the
second activation signal 703 have an equal magnitude
but opposite signs corresponding to the time instant
709. Specifically, the sign of the second activation signal
703 has reversed in comparison to FIG. 3. Accordingly,
the first force vector 103 and the second force vector
109 have equal magnitudes but opposite signs in the
first and second direction 105, 111 respectively. In the
example of FIG. 6, the Y-direction components of the
force vectors 103, 109 thus cancel each other while the
components in the X-direction add up to provide a com-
bined force vector 401 in the positive X-direction.
[0074] The situation in FIG. 6 corresponds to a mirror
image of the situation in FIG. 4 and thus the point of
gravity is in this situation offset in the positive X direction
but centred in the Y direction.

[0075] Thus, as illustrated in FIGs. 3 to 6, a rotating
combined force vector and application point may be
achieved by two simple rectilinear vibration elements.
This may correspond to the performance of a vibration
motor which typically has a rotating force vector and ap-
plication point. Thus, the mechanism may provide a
haptic signal which emulates that which can be attained
from a vibration motor. Thus a haptic signal having the
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same psychophysical effect as a vibration motor may be
achieved from two low cost vibration elements.

[0076] The exact nature of the movement of the com-
bined force vector and the application point depends on
the specific activation signals and the positioning of the
vibration elements.

[0077] In the preferred embodiment, substantially si-
nusoidal signals as illustrated in FIG. 7 are used with
vibration elements mounted such that the first and sec-
ond directions are offset by substantially 90 degrees.
This may allow for a haptic signal which has a resulting
momentum varying according to a predefined time func-
tion as well as a rotating application point and combined
force vector.

[0078] The activation of a vibration element, such as
a multi function transducer, provides the largest force
when the activation signal comprises a frequency
matching a resonance frequency of the vibration ele-
ment. Accordingly, the first and/or second activation sig-
nal is preferably generated such that it comprises a fre-
quency substantially equal to the resonance frequency
of the vibration element.

[0079] However, driftand manufacturing tolerances of
vibration elements, such as multi function transducers,
cause the resonance frequency of a vibration element
to vary in time as well as between vibration elements.
Typically, a frequency tolerance range may be specified
within which the resonance frequency can be found.
[0080] In the preferred embodiment, the mechanism
comprises functionality for varying a frequency of the
first and/or second activation signal. This variation may
accordingly be used to adjust the frequency to match
the specific resonance frequency of the corresponding
vibration element. For example, the frequency of the ac-
tivation signal may be varied and the generated force
vector may be measured and used to detect when the
resonance frequency has been matched. The frequency
may then be controlled to maintain this frequency.
[0081] However, as this adds complexity, the portable
device of the preferred embodiment simply frequency
modulates the activation signal. This frequency modu-
lation specifically causes a frequency sweep of the ac-
tivation signal over the frequency tolerance range. This
will ensure that the resonance frequency is matched for
part of the duration of the activation signal. It may fur-
thermore generate a haptic signal with high psycho-
physical effect as the strength of the haptic signal will
vary slowly in line with the frequency sweep as the fre-
quency (preferably repeatedly) slowly approaches,
matches and moves away from the resonance frequen-
cy.

[0082] For typical multi function transducers a fre-
quency tolerance range of 145 Hz to 155 Hz may be
preferable with a modulation (sweep) frequency in the
order of 10 Hz (preferably between 1 and 30 Hz). A suit-
able value for the activation signals is in the order of
-9dBV root mean square.

[0083] The invention can be implemented in any suit-
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able form. However, preferably, the invention is partly
implemented as computer software running on one or
more data processors and/or digital signal processors.
The elements and components of an embodiment of the
invention may be physically, functionally and logically
implemented in any suitable way. Indeed the function-
ality may be implemented in a single unit, in a plurality
of units or as part of other functional units.

[0084] Although the present invention has been de-
scribed in connection with the preferred embodiment, it
is not intended to be limited to the specific form set forth
herein. Rather, the scope of the present invention is lim-
ited only by the accompanying claims. In the claims, the
term comprising does not exclude the presence of other
elements or steps. Furthermore, although individually
listed, a plurality of means, elements or method steps
may be implemented by e.g. a single unit or processor.
Additionally, although individual features may be includ-
ed in different claims, these may possibly be advanta-
geously combined, and the inclusion in different claims
does not imply that a combination of features is not fea-
sible and/or advantageous. In addition, singular refer-
ences do not exclude a plurality. Thus references to "a",
"an", "first", "second" etc do not preclude a plurality.

Claims

1. A mechanism for generating a haptic signal in a
portable device comprising:

a first vibration element operable to generate a
varying first force vector in a substantially first
direction in response to a first activation signal;
a second vibration element operable to gener-
ate a varying second force vector in a substan-
tially second direction in response to a second
activation signal;

wherein the first vibration element is mounted
relative to the second vibration element such that
the first direction is at an angle with respect to the
second direction whereby a combined force vector
of the first and second force vector may perform an
angular movement.

2. A mechanism as claimed in claim 1 wherein the var-
ying of the first force vector is an oscillating move-
ment.

3. A mechanism as claimed in any previous claim
wherein the angular movement is a rotational move-
ment.

4. A mechanism as claimed in any previous claim
wherein the first vibration element is a multifunction
transducer.
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5.

10.

11.

12.

13.

14.

15.

A mechanism as claimed in claim 4 wherein the first
vibration element is further operable to generate an
audio signal in response to the first activation signal.

A mechanism as claimed in any previous claim 4 to
5 further comprising means for generating an audio
activation signal and wherein the first vibration ele-
ment is further operable to generate an audio signal
in response to the audio activation signal.

A mechanism as claimed in any previous claim
wherein the first vibration element is mounted rela-
tive to the second vibration element such that the
first direction is offset by substantially 90 degrees
with respect to the second direction.

A mechanism as claimed in any previous claim
wherein the second activation signal corresponds
to a delayed version of the first signal.

A mechanism as claimed in any previous claim
wherein the first activation signal is a substantially
sinusoidal signal.

A mechanism as claimed in any previous claim
wherein a frequency of the first activation signal is
substantially equal to a resonance frequency of the
first vibration element.

A mechanism as claimed in any previous claim fur-
ther comprising means for varying a frequency of
the first activation signal.

A mechanism as claimed in claim 11 wherein the
means for varying the frequency is operable to fre-
quency modulate the first activation signal.

A portable device comprising a mechanism in ac-
cordance with any of the previous claims.

A portable device as claimed in claim 13 wherein
the portable device is a personal communication
device and the portable device further comprises
means for detecting an incoming call and means for
generating the first and second activation signals in
response to the detection of the incoming call.

A method of generating a haptic signal in a portable
device comprising:

generating a varying first force vector in a sub-
stantially first direction in response to a first ac-
tivation signal;

generating a varying second force vector in a
substantially second direction in response to a
second activation signal;

wherein the first direction is at an angle with
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respect to the second direction whereby a com-
bined force vector of the first and second force vec-
tor performs an angular movement.
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