1 ELECTRONI C DEVI CE AND TACTI LE TOUCH SCREEN [0001] The present application
rel ates generally to tactile feedback fromtouch screen devices.

[ 0002] El ectroni ¢ devices, including portable electronic devices, have

gai ned 5w despread use and can provide a variety of functions including,
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25[0005]Inprovenents I n touch screen devices are therefore desirable.
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dlsplay devi ce connect ed
Atouch screen input/output device is part[cularly useful on such handheld devices as

such handheld devices are small and are therefore limited in space available for user
input and cutput devices. Further, the screen conient on the touch screen devices can be
modified depending on the functions and operations being performed.
[0004] Touch screen devices are constructed of a display, such as a liquid crystal

20  display, with a tfouch-sensitive overlay. These input/foutput devices suffer from inherent
disadvantages relating to user interaction and response, however. In particular, such
touch screen devices fail to provide a user-desirable tactile quality for positively indicating
input, providing a poor user-experience. For example, audio output and vibrational |
devices do not provide a desirable tactile quality.

25 [0005] improvements in touch screen devices are therefore desirable.

GENERALY
_[0006] According to one aspect, there may be provided a touch screen display unit.
The touch screen display unit includes a base, a display device connected to the base

30 and moveable relative to the base, a touch-sensitive input surface overlying the display
device for determining a touch event thereto, and a plurality of shape memory alloy wires
disposed between the base and the display device, a respective one of the plurality of the
wires located proximal each of four corners of the display device, the shape memory alloy
wires each configured to change shape in response to conduction of electric current to

35  cause movement of the display device relative to the base. The touch event may cause

conduction of electric current through at least one of the shape memory alloy wires, the at



30and noveabl e relative to the base, a touch-sensitive input surface
overlying the display device for determ ning a touch event thereto, and a
plurality of shape nenory alloy wi res disposed between the base and the

di spl ay device, a respective one of the plurality of the wires |ocated
proxi mal each of four corners of the display device, the shape nenory all oy
wi res each configured to change shape in,response to conduction of electric
current to 35 cause novenent of the display device relative to the base.
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electronic device in response to receipt of the touch input. , a respective one of the
plurality of shape memory alloy wires is located proximal each of four corners of the touch
screen display. the at least one of the shape memory alloy wires is determined based on
location of the touch input and the current conduction results in a change in shape of the
30 atleast one of shape memory alloy wires to cause movement of the touch screen display

relative to the base.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Embaodiments of the present application will now be described, by way of
35  example only, with reference to the attached Figures, wherein:

[0010] Figure 1 is a top view of a portable electronic device according to one



30at | east one of shape nenory alloy wires to cause novenent of the touch
screen display relative to the base. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0009] Enbodi nents of the present application will now be described, by way
of 35exanple only, with reference to the attached Fi gures, wherein:
[0010]Figure 1 is a top view of a portable electronic device according to
one 3 enbodinent, with certain hidden features shown in ghost outline for
thet pglrposle of ill usérat ion; [0011]Figure 2 is a sectional side view of the
portable electronic device of Fiqure 1; [0012]Figure 3 is a block diagram
of cert ai neeagiBIRshth eraintkdeay @@Pfeéisr'i‘[o}”ﬁt"égh%q o Bﬁf%rsﬁ%l?lgpﬁﬁe he )
portabl e elgeddtRpi c device of Figure 1; [0013]Figure 4A is a block diagram

showi ng a portion of the conponents of Figure 3, includi
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state; 10[0015]Figure 5 is a top view of the portable electronic device of
Figure 1, sponpmeise;ibepodatie sleciioRjndsyiceatirigwe: [ 0016] Figure 6 is a

secti onal 'de%A;’i SF’Y%% 48 s kel a®l P FortlSy biaRe @bmbbimtEofRigwb @i Ng

a touch event ¢ oint on the touch screen display, [00l7]Figure 7 is a
sectional #ichding 2ehape rmeeopylpywire SBP‘HEW%HP@P’E?@W%@&‘ f Figure 1,

[0014] Figure 4B is a block diagram similar to Figure 4, showing the shape memory
alloy wire in an extended state;
10 [0015] Figure 5 is a top view of the portable electronic device of Figure 1, showing
screen areas in ghost outline;
[0016] Figure 6 is a sectional side view of the portable electronic device of Figure 1,
showing a touch event at a point on the touch screen display;
[0017] Figure 7 is a sectional side view of the portable electronic device of Figure 1,
15  showing a touch event at another point on the touch screen display;
foo18] Figure 8 is a sectional side view of the portable electronic device of Figure 1
showing a touch event at yet another point on the touch screen display; and
[0019] Figure 9 is a flow chart ilfustrating steps in a method of controlling the
electronic device of Figure 1.
20 |
DESCRIPTION OF PREFERRED EMBODIMENTS
{0020] It will be appreciated that for simplicity and clarity of illustration, where
considered appropriate, reference numerals may be repeated among the figures to
indicate corresponding or analogous elements. In addition, numerous specific details are
25  set forth in order to provide a thorough understanding of the embodiments described
herein. However, it will be understood by those of ordinary skill in the art that the
embodiments described herein may be practiced without these specific details. In other
instances, well-known methods, procedures and components have not been described in
detail so as not to obscure the embodiments described herein. Also, the description is not
30 to be considered as limiting the scope of the embodiments described herein.
[0021] The embodiments described herein generally relate to a portable electronic
device having a display. Examples of portable electronic devices include mobile, or
handheld, wireless communication devices such as pagers, cellular phones, celluiar
smart-phones, wireless organizers, personal digital assistants, wirelessly enabled
35 notebook computers and the like.
[0022] The portable electronic device may be a two-way communication device with



15showi ng a touch event at another point on the touch screen display;
[0018] Figure 8 is a sectional side view of the portable el ectronic device
of Figure 1 showing a touch event at yet another point on the touch screen
di splay; and [0019]Figure 9 is a flow chart illustrating steps in a nethod
of controlling the electronic device of Figure 1. 20 DESCRI PTI ON OF
PREFERRED EMBODI MENTS [0020]1It will be appreciated that for sinplicity and
clarity of illustration, where considered appropriate, reference nunerals
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display device 26 relative to the base 22. The operational components include a
processor 40 between the base 22 and the touch screen display 24. The processor 40 is
20 operatively connected to the controlier 30, the display device 26 and the shape memory
alloy 32 for causing conduction of current through the shape memory alloy 32 in response
to the touch event, resulting in movement of the touch screen display 24 relative to the
base 22.
[0024] Referring now to Figure 3, a block diagram of an exemplary embodiment of a
25  portable electronic device 20 is shown. The portable electronic device 20 includes a
number of components such as the processor 40 that controls the overall operation of the
portable electronic device 20. Communication functions, including data and voice
communications, are performed through a communication subsystem 42. Data received
by the portable electronic device 20 can be decompressed and decrypted by decoder 44,
30 operating according to any suitable decompression techniques {e.g. YK decompression,
and other known techniques) and encryption techniques (e.g. using an encryption
techniques such as Data Encryption Standard (DES), Triple DES, or Advanced Encryption
Standard (AES)). The communication subsystem 42 receives messages from and sends
messages to a wireless network 100. In this exemplary embodiment of the portable
35 electronic device 20, the communication subsystem 42 is configured in accordance with
the Global System for Mobile Communication (GSM} and General Packet Radio Services



10[ 0023] Referring to Figures 1 to 3, a portable electronic device 20 is

I ndi cated generally by the nuneral 20. The portable el ectronic device 20

i ncl udes a base 22 and a touch screen display 24 that is connected to the
base 22 and noveable relative to the base 22. The touch screen display 24
and includes a display device 26 and a touch-sensitive input surface 28
overlying the display device and connected to a controller 30 15for
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networks include Personal Communication Systems (PCS) networks like GSM and Time

25  Division Multiple Access (TDMA) systems. The processor 40 also interacts with additional
subsystems such as a Random Access Memory (RAM) 46, a flash memory 48, the
display 26 with the input surface 28, an auxifiary inputfoutput (//O) subsystem 50, a data
port 52, a speaker 54, a microphone 56, short-range communications 58 and other device
subsystems 60.

30 [0026] Some of the subsystems of the portabie electronic device 20 perform
communication-related functions, whereas other subsystems may provide “resident” or
on-device functions. By way of example, the display device 26 and the touch-sensitive
input surface 28 may be used for both communication-related functions, such as entering
a text message for transmission over the network 100, and device-resident functions such

35 as a calculator or task list.

{0027] The portable electronic device 20 can send and receive communication



10 specified for GSM GPRS conmuni cati ons. Wth newer network protocols,

t hese channel s are capabl e of supporting both circuit sw tched voice
comuni cati ons and packet sw tched data communi cations. [0025] Al t hough the
wirel ess network 100 associated with portable electronic device 20 is a
GSM GPRS wirel ess network in one exenplary inplenmentation, other wreless
15networks may al so be associated with tlge portable electronic device 20 in
variant inplenmentations. The different types of wirel ess networks that may
be enpl oyed. i ncl ude, faor exanple ta-centric wireless networks,
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including datebook (or calendar) information and recent call information. Alternatively,
user identification information can also be programmed into the flash memory 48.
[0028] The portable electronic device 20 is a battery-powered device and includes a

25  battery interface 66 for receiving one or more rechargeabie batteries 68. In at least some
embodiments, the battery 68 can be a smart battery with an embedded microprocessor.
The battery interface 66 is coupled to a regulator (not shown), which assists the battery
68 in providing power V+ to the portable electronic device 20. Although current
technology makes use of a battery, future technologies such as micro fuel cells may

30 provide the power to the portable electronic device 20.
[0029] The portable electronic device 20 also includes an operating system 70 and
software components 72 to 82 which are described in more detail below. The operating
system 70 and the software components 72 to 82 that are execuied by the processor 40
are typically stored in a persistent store such as the flash memory 48, which may

35 alternatively be a read-only memory (ROM) or similar storage element (not shown).
Those skilled in the art will appreciate that portions of the operating system 70 and the



10operational for comunication with the wreless network 100 w t hout the
SIMcard 62. By inserting the SiIMcard/ RUM®62 into the SSIMRU Minterface
64, a subscriber can access all subscribed services. Services nmay include:
web browsi ng and nessagi ng such as e- mail, voice mail, Short Message
Service (SM5), and Miultimedi a Messagi ng Services (MVS). Mre advanced
services may include: point of sale, field service and sales force 15
automation. The SIMcard/RUM 62 includes a processor and menory for

storing information. Once_the SIMcard/RUM62 is inserted intg th
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any sui t abliger®ef fowss asdif Q@hai® blitaiot mnltedvio, @-misie costhets, calendar events, voice
mails, appointments, and task items. A PIM application has the ability to send and
receive data items via the wireless network 100. PIM data items may be seamlessly
25  integrated, synchronized, and updated via the wireless network 100 with the portable
electronic device subscriber's corresponding data items stored and/or associated with a
host cdmputer system. This functionality creates a mirrored host computer on the
portable electronic device 20 with respect to such items. This can be particularly
advantageous when the host computer system is the portable electronic device
30  subscriber’s office computer system.
[0033] The portable electronic device 20 also includes a connect module 80, and an
information technology (IT) policy module 82. The connect module 80 implemenits the
communication protocols that are required for the portable electronic device 20 to
communicate with the wireless infrastructure and any host system, such as an enterprise
35 system, that the portable electronic device 20 is authorized to interface with.
[0034] The connect module 80 includes a set of APIs that can be integrated with the



the portable electronic device 20 to send and receive el ectronic nessages.
Various alternatives exist for the nessage application 74 as is well known
to those skilled in the 10 art. Messages that have been sent or received by
the user are typically stored in the flash nenory 48 of the portable

el ectronic device 20 or sone other suitable storage elenent in the portable
el ectronic device 20. In at |east sonme egbodi nents, sonme of the sent and
recei ved nessages may be stored renotely fromthe device 20 such as in a
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transactions to be performed using the portable electronic device 20,

[0037] The data port 52 enables a subscriber to set preferences through an external
device or software application and extends the capabilities of the portable electronic
device 20 by providing for information or software downloads to the poriable electronic
25 device 20 other than through a wireless communication network. The alternate download
path may, for example, be used to load an encryption key onto the portable electronic
device 20 through a direct and thus reliable and trusted connection to provide secure
device communication.
[0038] The data port 52 can be any suitable port that enables data communication
30  between the portable electronic device 20 and another computing device. The data port
52 can be a serial or a paratlel port. In some instances, the data port 52 can be a USB
port that includes data lines for data transfer and a supply line that can provide a charging
current to charge the battery 68 of the portable electronic device 20.
[0039] The short-range communications subsystem 58 provides for communication
35  between the portable electronic device 20 and different systems or devices, without the

use of the wireless network 100. For example, the subsystem 58 may include an infrared



5 provided by the connect nodule 80 can be used to pass IT policy commands
fromthe host systemto the portable electronic device 20. This can be done
in awreless or wired manner. These instructions can then be passed to the
I T policy nodule 82 to nodify the configuration of the device 20.
Alternatively, in sone cases, the IT policy update can al so be done over a
wi red connection. 10[0035] O her types of ¢software applications can also be
installed on the portable electronic device 20. These software applications

can be third party applicat. oqgs, ich ar 1f;\ddﬁd after the manufacture of
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20 be implemented on the portable electronic device 20. Although voice or audio signal
output is accomplished primarily through the speaker 54, the display 28 can also be used
to provide additional information such as the identity of a calling party, duration of a voice
call, or other voice call related information.

-[0042] Referring again to Figures 1 and 2, the housing includes the base 22 and a

25 frame 84 spaced from the base 22 that frames the touch screen display 24. Sidewalls 86
extend between the base 22 and the frame 84. According to the present embodiment,
the sidewalls 86 extend generally perpendicularly to the base 22 and the frame 84. The
base 22 includes a plate (not shown) that is releasably attached for insertion and removal
of, for example, the battery 68 and the SIM card 62 described above. It will be

30 appreciated that the base 22, the sidewalls 86 and the frame 84 can be injection molded,
for example. The frame 84 is sized and shaped to frame a window in which the touch
screen display 24 is exposed for input by user contact with the touch-sensitive input
surface 28 of the touch screen display 24 and for displaying output on the display device
26. The touch screen display 24 is biased against the underside of the frame 84 by the

35 shape memory alioy 32, which in the present embodiment includes four coil springs, as

best shown in Figure 2. Thus, the frame 84 maintains the touch screen dispiay 24 within



devi ce and associated circuits and conponents for short-range

communi cati on. Exanpl es of short-range comuni cation standards include

st andards devel oped by the Infrared Data Association (IrDA), Bluetooth, and
the 802.11 fam |y of standards devel oped by | EEE. 5[0040]In use, a received
signal such as a text nessage, an e-nmail nessage, or web page download is
processed by the conmunication subsystemd42 and i nput to the processor 40.
The processor 40 then processes the received signal for output to the
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backlight (not shown).
25  [0044] The touch screen display 24 can be any suitable touch screen display such as
a capacitive touch screen display 24 including the display device 26, which in the present
embodiment is an LCD display, and the touch-sensitive input surface 28. it will be
appreciated that the touch-sensitive input surface 28 includes a number of layers in a
stack. The layers include, for example, layers of substrate, ground shield, and electrically
30  isolated capacitive touch sensor circuit layers as well as a cover iens. The capacitive
touch sensor circuit layers of the touch-sensitive input surface 28 are connected to the
electronic controller 30 shown in Figure 3 via conductive lead lines (not shown) formed of
any suitable conductive material such as copper or gold. The location of a touch on the
touch-sensitive input surface 28 of the touch screen display 24 is determined using the
35 touch sensor circuit layers to determine X and Y co-ordinates of the touch. The

capacitive touch sensor circuit layers each provide a signal to the controller 30 in



screen display 24 is noveable within the housing, however. A nechani cal
stop 85 is included to limt the range of novenent of the touch screen
display 24 in the direction of the base 22. Thus, the nechanical stop 85
limts the range of novenent of the touch 5 screen display 24 for
protecting the operational conponents between the base 22 and the touch
screen di splay 24 and the shape nenory attoy 32. In the present enbodi nent,
t he nechani cal stop 85 includes posts extending upwardly fromthe base 22.
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i ncl udeaof urdoh&olle‘rumhe cmmedmatmrpﬁherms:hwe hseacbb;athprprmﬂ%dom&toldeterrln(mrttie It
will be apprec e cr di Sp
corponent o Jeter AR 5o peceranaRt SdraRd Py e Uit ¢ st 3B BeBRRR B is”! he
LCD di spl ay_(msdlsplayza dhd poddessorciimzoicens actions|badedign Umdemerahne:icnqsoaetetls
such as a ba 0 l&’ é shown). 25[0044] The touch screen display 24 can be
any sui t abl% ?Bﬂcﬁ REPERn qi splay such as a capacitive touch screen display
24 incl udi [g046je dTbeltca;chdeﬁeieoethﬁay 24his obt limitedhie tie determbinativnod iarsdngle | s an

LCD di A chs RS0 n 8.4 1:

appr eC|S1 dbeaﬁgﬁ i §t£{t§3 Vﬁ§ EP?}%’I{? r'{'goﬁ n§ gp%@%ﬁ“‘%@mﬁ'hé loﬂ%(lgég%%#‘ou SoeF of
| ayers in aomrasxkeeanhep[hgayecsn bedbtedameﬂoFuﬂb(emib[seqontmxymatsd tiat nuisbes alt e,
ground shi eI r| cal e @pﬁf | r rcw t
| ayers as ve t vet#onl eng'gt Cg S%fae%%m epﬁ e %%Ac%eegéet%gﬁﬁe%:&ﬁ%& of r?

of the toucdueh aa:mcn’eaemg mrpiﬂcrmmb&bed@&nae betweendiogedotuch lobaticnk eait beni c

PO ol " et bt b Soknd RoP B A FAMoIFAGR) GARE lbfHD)

fornmed of any SUit ctive material suc er’or
| ocati &9 oftoua:lteewah renulttutnmetioitiaﬁwsm'mﬁetrénwohmmldswtﬁeaumﬁsoroﬁfo t Hwist thech

dot or i ne- Yo% At aE AT 2EPREMEHY tiohib uief BFRCI RRTRE: flckitbn, | TYPCC 1O

circuit | ayee47ledcihdivatediatieve tse tpush street isplyridris blaeed a@ay fromihe basgpdhse

o a touch B8R e 3 44 5H bhé BiBinrf 1A URadd b ABPAIRG b skl fldofly each
ayers. e sign

of the capacrtive touch sensor circui 'S represen
respect i ve ssreencfisplée24Xtosadd tetframed 84.o04 aili hmappr{eciewé] fhowayes thatim:hoeelm is

ST BdCadian PR 5ol s R AROSR, S0 SuBlRAIREBACH
elements such as foam biasing elements or other suitable elements The shape memory
alloy 32 in the present exemplary embodiment includes four wires 32a, 32b, 32¢, 32d in
the shape of coil springs as shown in Figures 3, 4A and 4B. Each one of the four wires
32a, 32b, 32¢, 32d is located proximal a respective corner of the portable electronic

30 device 20, as shown in ghost outline in Figure 1 and is mechanically connected to the
base 22 and to the rigid display support 88 by suitable mechanical connection. Each of
the wires 32a, 32b, 32c¢, 32d is electrically connected at one end to the battery interface
66 for providing electric current to the respective wire 32a, 32b, 32¢, 32d when a circuit is
completed. The other end of each wire 32a, 32b, 32¢, 32d is electrically connected to the

35 processor 40 for controiling completion of each of the circuits and thereby controlling
current flow through each of the wires 32a, 32b, 32¢, 32d. The wires 32a, 32b, 32¢, 32d



touch sensor circuit |layers are each driven with a current to provide an
electric field that changes upon user touching of the touch-sensitive input
surface 28 as a result of capacitive coupling. The change in the electric
field signals the controller 30 that a touch has occurred and the X and Y
co-ordinates of the touch |location are determ ned at the 10controller. The
co-ordi nates of the touch are used by thes,processor 40 to determ ne the
associ at ed option or connand sel ected by the user fromthe screen displ ayed

on the LCDd| 2 proce sor 40 perforns_actions based on the
ot ef mi ned 2 DBCnReEIVERS: 15O Do RANEUNEHB FaP A Be Aoy cRo P feay 24
I's nﬁt i ms’h§||§le h@mdmed ald@taanghaanmiﬁm teffonﬁ cBil llgﬁrtgs%k]?mtsumaibl@éh@lestoat iﬁ
touch event nst ea ti.ons such as the sliding, of a ong,the
touch screShaeR E’BP’%/W?'E?’@%FBS@W& Oﬁgﬁem;ﬁﬁﬁbﬁgpapq 'E‘efr‘?”g%{%é ﬁﬁaé&? t hat
t ouches at tlﬁ@foemtdﬂanmﬁm@bb@aﬁ@th@;rmm@bltermap@usmm@aeratrcbrsxpulnayrs%sn@ma be
determ ned and m) eﬁgfesuch as. i ncreasing or decreasing the distance

bet ween>f i MRFOYA] @uP¢ Y8®d-can be deternmined. Each type of touch event

and the quems;én (TRosI dhillbatiethe d?fwl[bﬁpid@lé@th@fsl%@b@h@hm au@ﬁ; dseamet in the
initiation of erentdjégmrands at t roc«? $f d @T‘F Louch
screen di st AnEpes AtgiRling! lgmpaiatyes aﬁé‘é?sqtrﬂ é‘rtF'gE’@" Yr-CaRe S ht er act i on.

[0047] As lrﬁtﬂwh@kze(éh%@w@sférh@tlb@ﬂ@h\ rAgéRie di BRkAlentkritSrebitaaestediagy from
t he base 22, toward the fr In o{‘%’g{n‘r‘ﬁ_’dlrre pe nmenory all oy

32 bi ases IR Reraeser t%'BP%r?tLL‘ﬂa wsreﬁ"éﬁé%gaaﬂqntowsvs be

appr eciigt ediepbayuny 6h thdéﬂ@y Trhe shapecheonsalio§ anthai shedany edbodimenbiacloties ed
toward the frane 84 any. suif abl e bi ampae el egﬁnt or, el egi%nts sych as

f oam bi asi ﬁ@reé%ﬁeﬂ%%a? hWHICA GRP bB mauss USEIRWERR S WIBONY al | oy 32
i n the presgidesseEsiinals\of ArEREIditaRRT alloy; comemnlyreferiadite as Bitimol &dhexidlc, 32d

|nthesha of. caoj | ri.ngs..as shown in Figures 3, 4A and 4 ach one of
Lhe four aiheevires 32ag3%P. S30-30i sy o, tEmertAb T EeReida shs MRLATEAR o mer
of tge por teaianae@b?mg'mp@d:&@diﬁvérﬁ@eraﬁne Qt&teﬁlhdiwjteﬂ lbygﬁmﬁm@utslszae:azmaﬂ gure
1 an |s me

anjica connected to the ba e and, t.o. t.h i d.displa
o 13a e Fobim Aa S s edApas ehaRed hrtet yate doqipd bY iRy
32c, 32d i poel(edats bea). Yhen tieehg® dieactnef Badoil springe obaire Spy, 32bt 824, 30¢ 66
W.re

for providin eletrlc urrent to ther egtive 22a 32b, 32c 2d
when' & o r CLIHECPES RS Bhe PRecgitar. BB gre BER FPHInedo Bo eamsratiis, heg g
I's el ectri gangtly ottharel s@thgtsf mtnﬂeeszaa,%pzmcmsmd refurfioto therkieatidd leggthoMpket i on
of each of the circuits, and thereby controll curre nt . f .OW_t hr ough, each
of Che w r S € ST s3RE chgtestN St dapetfledioh s i Figg A RS
nuscl e 20i T etentied sW@ed%orﬁWﬂﬁMﬁﬂﬁ@bt@t@hﬂ@r@ﬁMr y aI loy 32. Further,
t he shape y%ﬁ 2.1S notllmtgg r_coil . sprin as_ot her
sui t abi o sIOED" of WA SESsBRpL oo ied R @l arids o b edsdl afineeRec
shape rrermwrealdzpshe&@smﬂvé wite hthie afndrumderfgoas the prhalse Iansformatiohltethes ui t abl e
shape. Further stil ’F}l? nb f sh | ] 32 can. be .used.
[ 0045] Thos ST IFEH S NEFPRP g = alp 5e GDPaP BY FTEP S Aps THeie 5 dreaye
assune 32¢ in Figure 4A is referred to as being activated as a resuit of electric current conduction,
25  indicated by the arrow labeled lo, causing the change to the compressed spring-shaped
heated state. When electric current flow stops, the wire 32c cools and returns to the
original phase, thereby returning to the extended spring-shaped room temperature state
as shown in Figure 4B. Those skilled in the art will appreciate that the current required to
activate a wire from room temperature is dependent on the alloy and the diameter of the
30 wire. One suitable shape memory alloy is a muscle wire, as indicated. According to one
exemplary embodiment, the wires 32a, 32b, 32¢, 32d are muscle wires with a diameter in
the range of 0.04 mm to 1 mm, which are formed into coil springs having a coil diameter
in the range of 2 mm to 10 mm. As indicated above, the shape memory alloy is not
limited to coil springs as other shapes of shape memory alloy can be used. For example,
35  a thin ribbon or other suitable shape that, when current flow through, changes to a

compressed state and, when current stops flowing through, returns {o an extended state.



different shapes at distinct tenperatures as a result of a

t enper at ur e- dependent martensitic phase transformation frommartensite at
| ower tenperatures to austenite a higher tenperatures. The tenperature at
whi ch the phase transformation occurs is 10 dependent on the alloy. The
shape nmenory alloy in the present enbodi ment includes wires 32a, 32b, 32c,
32d, which can be nuscle wires. Miscle w1 es are thin, highly processed
strands of nickel-titaniumalloy, commonly referred to as Nitinol or

Fl exi nol . The wires 32a, 32b, 32c¢c, 32d have _two, tenperature-dependent

shapes i ncll@QRfi0hg afs descahedherepabave. ShmEand Moehbrdirissolauser ough an thedi cat ed
by the numglhScden dishidy Rse Hettfhindd d%ltrwwuﬁﬁer FUhdAh6 BRFBEAESI0f the

spri ng-shaped heated state indicated he numeral 32c (not to scal e).
Thus, the [teusgtare wecbf@)cthe@roqqaéorc‘tmo the pssgGatedsoptiongyigomemand 324 i s
reduced or séiéf:!e@lb? thé‘ u§é?e Th@ @B—%@dlﬁét@é 8f th\é\yi&fbhtd?@ aldo rtﬁed Sg e ﬁgg&sbgggto

c

t enper at ur e, he coi rin wire
returnsSto dﬁf?éméb@t th%ﬁ{!ﬂ" M"feﬂ%av@p g‘?é”zﬂ do §ﬁ!¥\ﬂ$? tPMﬂcaniéeWrﬁ)?'@é'gé‘H
spring-s hagggsr—h&ﬁ%e‘?\gﬂ&ﬁ 3L8LIENY RhidiHaRgéh el forh iR @)@er@éﬁjﬁgﬂﬁ@shaped room

spring-sha roomtenperature state in Figure 4B. [0049 en electric

current is tereperatrestatenpdbgyrorapipsend sringghapebheaied S@Eﬁ Qe ogenri e 32,
the respecis)Gyils20anem, %2@ryiqunaeerrggeﬁva&émseeaaﬁ1ehf 8N EeQbEatoh @NtheQusbRe

conpressed spring-shaped heated state as shown by the wire 32c in Figure
4A. The vmrt@lCBZC in Figure 4A is referred to as being activated as a result

of eleg Toﬁ'] renfy &@'&Hﬁfpieo the t%ﬁbﬁlgér?ﬁtv%%;m( shrl‘ﬁﬁzeagg i9\itb@Relyeflided :nto

causi ng the ange to he CO ressed sprin heat ed state.

Whe
el ectric ciive éfﬁasﬂoo% 59c208§ B8 sipwe "B@?Psgﬁléﬂ"iﬁ igrfdoyre By il g aPH’@"@qugl nal

phase, t heru%%xhés%td.v[abﬁwarb%i E‘I’i‘oﬁ&ﬁ ﬂﬂﬁgu&%drékg'r SERRELL.! PORNHRITRNA R
state as shown 1 n Figure 4B. Those skill in the art wll appreciate that

t he currentordiezigs Pfa%i UsRs-taldahy gtd@teémme,déo fﬁ‘“dﬁ'fW'b &9 ammpl: e rea 28 sheyR Hent
on the all gy, fRdeft RehdbRESR thePbutnScrdtiisBlay D99f fé dorabR é&@@ﬂ;cw@ém

alloy is a nuscle wire, as indicated. According to one exenp
enbodi Bnt n theeview pEigge, thepwire 32 is agtivatad @s RRRIPEESRP @%cw@ﬁtea thg Giffstter

in the rang;sugﬁg Qu%tm&&o&gﬂmem 83k, ﬁ‘ésﬁ;ltfr@ﬁﬂﬁd:hbﬁ@@m%bbe ﬁBllhltﬁéJS havi ng
a coil dianeter”in the ran 2 Mmto 10 i ndi cat ed t he

shape nmenpeyteaded§ping-shape |“?ﬁ"@ pgyakss slalglp |“F\%1§°r5%"66§e}‘i’ép”§,‘ﬂ ég%%edof shape

menory al | géafensidls, ‘Fﬁ@%ar@érm §K§¢m&e@,ults3uﬁ%6\}émént bRe oLRh sefdenrdispliytabl e
shape that, when current flow through, changes to a cog?éresse state and,

when currer@ﬁt%?ﬁ(t@?’?@éﬁi"?ﬁjtweﬁ‘ﬂ@?f‘ &%Pﬁg%t%t"é‘@é 8q displgy @4 shijaks
[0050] Ag desghpthed hereinabove, the X and Y co-ordinates of a user touch on

the touch screen display 24 are determ ned at the contro}ler 30 _and t BS
co- or di nat 480531 t hli however, the X and Y co-ordinates are determined to fall within, the area

shown in the top right hand corner of the touch screen display 24 of the portable
electronic device 20 in the view of Figure 5, the wire 32b proximal to the top right hand
corner of the portable electronic device 20 in the view of Figure 5, is activated as the

25  processor 40 completes the circuit causing current flow through the wire 32b, resulting in
a change in shape from the extended spring-shaped room temperature state to the
compressed spring-shaped heated state. The change in shape results in movement of
the touch screen display 24 as the wire 32b connected between the base 22 and the
touch screen display 24 shrinks in length.

30 [0053] When the X and Y co-ordinates are determined to fall within the area 92,
shown in the bottom right hand corner of the touch screen display 24 of the portable
electronic device 20 in the view of Figure 5, the wire 32¢ proximal to the bottom right
hand corner of the portable electronic device 20 in the view of Figure 5, is activated as
the processor 40 completes the circuit causing current flow through the wire 32¢, resulting

35 in a change in shape from the extended spring-shaped room temperature state to the

compressed spring-shaped heated state. The change in shape results in movement of



touch are used by the processor 40 to determ ne the associated option or
command sel ected by the user. The co-ordinates of the touch are al so used
by the processor 40 to 5 determ ne which of the four wires 32a, 32b, 32c,
32d to activate by conpleting a circuit to cause current flow, resulting in
a change in shape, fromthe extended spring-shaped roomtenperature state
to the conpressed spring-shaped heated stjate. The one or ones of the four
Wi res 32a, 32b, 32c, 32d that are activated i s dependent on the |ocation of

t he user-touch. 10 0051] I n one exa the t h-sensjtive i.nput, .surface
28 is ef f edd® {Ruch sgreen &E&'ﬁvr?ﬂ@%the §°§'@F°?%f§betyﬁeng‘§ba§ﬂ 2 Z0d8Hwn in

ghost out | iypgH gbré@rg@ggﬁaﬁztt L;ft,mwsluﬁ |ehgthappreC| ated that these divisions are
not shown an the t ouch screen 8 en t he X nd oordi pates of a
(h q,share

Y
user - t ouch [80%41det ¥hendley taé‘dfya?q ferpingq e & "Y‘Wén lg‘?é'lée% 'shown in
the top | efgholipisltHeoRrBi 16ft hhREcdRBCH thE tReRn sdteaﬁkmwaa@m tHdsorablet abl e

el ectronic device 20 15in the view of Figure the w S at ed
as the procedwpicssvicsHdiptheviewef Eiope s tgh%‘é(lfg i) qu}FP@E‘P aﬁ%ﬁoﬁﬂ?éh t he
wire 32a, rc%?r‘rﬂrto'fﬂ{éﬂdﬁaﬁlecé!'éﬁ?@ﬂlcldévﬁ:amﬂniHélﬂéWbﬁF@Nieﬂﬂﬁtﬁﬂctﬁﬁted@-tﬁ@aDEd
roomtenperature state to the conpressed erqurlgﬁg\p{Sha ed heate t at

change in sWagespedlfarepielgs AR EFAI causing A Aiheyy s, fefh!ﬁ'ag M he

wire 32a cm@e%a@f Héﬂax'th’tﬁi@d%%nﬁgldhéﬁw rb@rﬁ(témﬁémﬁ.ﬁélsﬁtesﬂﬁhﬁe’ 24
shrinks 20in | ength 0052]1f, however, and Y co- Ol‘ﬁil nat es ar e

det er ni ned qoﬁ‘ﬁfﬁsrqed\ﬁpf'mﬁ‘ﬁhaﬁqqé‘eéteéiaﬂ@t? T&’ﬁ&ﬁﬂ@%‘”tsh@p? Byl 'QH?OW?HP?& for ner

of the 1H0UGRe SicR8Bredh TRipily 2ahe Wi J2r dodhéste® betebn thebabe\d2ahdaRe i n t he
view of Figure 5, the wire 32b proxinmal to the top right hand corner of the

portabl e ell@egh gieen ‘éi‘é‘?)?!(:g“?b”qkﬁ iR (589 ew of Figure 5, is activated as the

25pr ocessorgdssicompiinhe Xgdo¥ E6-Bidinidelaleniptétinetd fAll within theutghod,he wire
32b, resul t| ng in a change_ in sh e from.the extended s&agggpgpapeg éloom

t enper at ur SheWatid theres it Biepides %%Cﬁ&‘estﬁa ﬁcrﬁ%%lg'é flange

in shape regédtfonid dbvitR\ONR fHe @éwLRBIGURLS, fhtlS@tﬁrﬁﬂfbsCBZSthmy 324, 3Rl drbaciiviake! 32b
connect ed between the base 22 an?_@t he ‘&ﬁo‘y creen di S%ﬂ?ﬁ zhshrl ks in
| engt h.1530[a5088 PAseRsrde cemplriesthesirgrity fon e SREsinRpHTamt oy b RIS i ¢ hi n

the area 93yirssvpaN3ph :izheséaptéMnglughtchhﬁgwmcmaﬁ@fmmfthé baehmd;pmgrsaaped
di splay 24 of the %@Ft abl e eltgct ronic dﬁw ce

the wi Te 3ZEOBrBRPRAIUTES NG BoCPBRGPON P IEE AERCOF T hiol Jortagr e
el ectroni c gk eesuBOin MoldiReiol Medtbudh giteen 5|splla§ 2aGhitivaivieels 32z, 30, 3RcOBAB S OF
fesul T ng. SSIAedeg HaGen i Brme PP PSR et Bn7) AEHEB I Fogh
t enper gipur goobelt € RefdrBfoelo mibweﬁMospgwregssdmamd dhe aeedtibetamethodloé change
'n shape r esol#tltrgﬁmg ane n})ec?rcqr%g%eace 235 causing movement of the touch screen display 24
relative to the base 22 of the portable electronic device 20. Referring first to Figure 6,
there is shown a sectional side view of portions of the portable electronic device 20,
according to one embodiment. In the present example, a user touches the touch-
25  sensitive input surface 28 at the area 91 (Figure 5) of the touch screen display 24, by
pressing in the direction of the arrow “A” (step 110). The X and Y co-ordinates of the
location of the touch on the touch-sensitive input surface 28 are determined at the
controller 30 and the co-ordinates of the touch are provided to the processor 40 (step
112). The processor 40 uses the co-ordinates of the touch to determine the associated
30  option or command selected by the user based on the location of the touch (step 114)
and carries out the appropriate action or actions accordingly (step 116). The co-ordinates
of the touch are also used by the processor 40 to determine the associated wire 32b (the
wire 32 to activate) (step 118) and then complete the circuit including the wire 32b to
cause current flow resulting in a change in shape from the extended spring-shaped room
35 temperature state to the compressed spring-shaped heated state (step 120). The touch
screen display 24 moves as a result of the change in length of the coil-spring shaped wire



the touch screen display 24 as the wire 32c connected between the base 22
and the touch screen display 24 shrinks in length. [0054] When the X and Y
co-ordinates are determned to fall within the area 93, shown in the bottom
| eft hand corner of the touch screen display 24 of the portable 5electronic
device 20 in the view of Figure 5 the wire 32d proximal to the bottom|eft
hand corner of the portable electronic deyice 20 in the view of Figure 5,
is activated as the processor 40 conpletes the circuit causing current flow

through the wire 32d, resulting in a change efromt e ex d
spri ng- shap#d: AoANTERFIGUES B ét%ﬁl' Q?é‘pPr@C'Lag?éj %BH‘E?% £ ?BF‘PE@ A ﬁé‘g?ﬁ%at ed
state. The g\t bithe ek schienl displdynae \eraggratetl fdrhé perpbesiehilltaeat
di splay 24 as the wire 32d connecte betvvee&wt he base 2 .:i\nd t he touch

screen’ di spisShosn. betouahsareen dspian24 plpsat (iedesst exemplg 1/ Proyidg g v es
are det er Mgt {=etilk dédponkd.hi n the area 94, shown in the area that includes

the center of the touch screen_display 24 %f? t he pqrtﬁbje el ectronlc evi ce
20 in tAe JP@R¥lof Refpring ‘B’Wgﬂﬁ:’g"ﬂr@lﬂ' ttqu: g a spsfonal side VIPY(OTROFIONS O \ 4t ed

15as the prpspssdie é@cﬁmh@\h&sza RmifEr i Bighife 6.0 tﬁ@ﬁl‘bseﬁtaék&hmﬁa eoweRtia f | ow
t hrough the wres 32a, , 32¢, 32d, resulting in aggﬂg E@ggefrom

the extendd§esioprirs @ﬂéﬁﬁ’é& sepsitive BRpTURG?E 8 ot ReaTed)

spring- Sha&%éﬁeﬁé;ﬁ@ﬁ @wresl%mg i BNdRction 5@mwwbpa1m)n me\zse@mc@i t he
touch screen disp Ia%@ as the wres 32a, 32b, 32c dq%,% ggt ed bet ween

the base 2PrdingtesgE d%ra#ogefﬁlsﬁomfs% e t%hesgaﬁmgwms gth. 20

[ 0056] Ref erdasimined @ EoHEDIIEBI AN ToDrdifatBs antheJolich A6 peivided tatHeet hod of
controlling an el ectronic device 20 causi n%%novenent of % e toych screen

di spl ay 24 AreqesserAD (ien He)-pharrrosessor fhys e sorediapies of Bisiteudidli ce 20.

Referring fdeterinidedthElags6catéd obtst & dofnfdHVdRIctteEsy thengbr Gtepe114) and &drry
portions of the portable electronic device 20, according to one egg?dlne

In the presdhiheapprepriate actige or aptinnsihased AR thePRtign o5 seend dgtermingd 2t 8§Pt ace

28 at the af23st83 106) dWeRordiRhiek Ve tHettGh Srer-BR usddLy thy prbdesdey 4ptessi ng in
the direction of the arrow "A

Y at f th
| ocati di ofd efeﬁg"ﬁeoh!}eﬁswafﬁwrsf%ﬂ@@ﬂé?%ht9é'° '\f%%?"&hef‘%g@%%ge' E"Pé?fgu'? ©

det er m ned jadludif@thedmitd 9dd ©fcadbe aurreleﬁt Iﬂ@w@@sm@l inatdhangd intdhapé ausithar e
provided to the Brocessor 40 ‘%B The p ocessor%g uses the

co- or di nat éxtegde garingsghaped go Pﬁ’rﬁ re ﬁ@tea@é T FATRES rnghaPed ommand

sel ect ed byheh®i st581(steg92d). OrheltBecH Sedr gibplay 24 hvoveoush réﬁlltﬁﬁ tHelehange th
riate action qr..actions a 116) The

carries out the
co- or di nat &P ogﬁé"f’ SRNINEPEH v 2dgas FALingy %‘58573%}9%4’0%@ Bt er ni ne
the asspci appeedMté@thalihe(Rif\Re¥areEnciio beal@ghd mtm;‘we(nséra pf thé&)ummd:rdéﬁen
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state to t e ses®rehs pebseht em;ﬂ«hamdvibemeea!s@m@ tasilepeshdMe. The touch
[0058] Referring now to Figure 8, there is shown a sectional side view of portions of
the portable electronic device 20, similar to Figures 5 and 6. In the present example, a
25  user touches the touch-sensitive input surface 28 at the area 94 (Figure 5) of the touch
screen display 24, by pressing in the direction of arrow "C” (step 110). The X and Y co-
ordinates of the location of the touch on the fouch-sensitive input surface 28 are
determined at the controller 40 and the co-ordinates of the touch are again provided to
the processor 40 (step 112) for determining the associated option or command selected
30 by the user (step 114) and performing the appropriate actions based on the option or
command determined at step 114 (step 116). The co-ordinates of the touch are used by
the processor 40 to determine the associated coil spring wires 32a, 32b, 32¢, 32d (step
118) and then complete each of the circuits including the respective coil spring shaped
wires 32a, 32b, 32¢, 32d to cause current flow through each wire 32a, 32b, 32¢, 32d
35 resulting in a change in shape from the extended spring-shaped room temperature state
to the compressed spring-shaped heated state (step 120). The touch screen display 24



screen display 24 noves as a result of the change in | ength of the

coil-spring shaped wire 15 32b, as shown in Figure 6. It wll be
appreciated that the Figures are not to scale and the novenent of the touch
screen display 24 is exaggerated for the purpose of illustration. As shown,

the touch screen display 24 pivots in the present exanple to provide the
user with a tactile response. 5[0057] Refggring now to Figure 7, there is
shown a sectional side view of portions of the portable electronic device
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25  or motion of the touch can result in a change in activation from one or all of the cail
shaped wires 32a, 32b, 32¢, 32d to another or all of the coil-shaped wires 32a, 32b, 32¢,
32d.
[0062] Although five areas are shown in the touch screen display 24 in the
embodiment shown in Figure 5, it wili be appreciated that these areas are shown for
30 exemplary purposes only and other areas can be employed. For example, the Xand Y
ce-ordinates can be determined, followed by activation of the nearest one or ones of the
four wires 32a, 32b, 32¢, 32d. Further, the shape of the areas can differ from that shown.
Further, a different number of wires can be used and the wires can be located at different
positions between the base 22 and the touch screen display 24.
35 [0063] In the embodiments described above, the touch screen display 24 is framed

by the frame 84, which is fixed to the base 22 by the sidewalls 86. It is contemplated that



16 noves as a result of the change in length of all of the coil-spring
shaped wires 32a, 32b, 32c, 32d, as shown in Figure 8. Again, it will be
appreciated that the Figures are not to scale and the novenent of the touch
screen display 24 is exaggerated for the purpose of illustration. In the
present exanple, each of the four wires 32a, 32b, 32c, 32d shrinks 5and,
rather than pivoting, the touch screen di?play 24 nmoves generally parallel
to the base 22. [0059]Wth the novenent t he touch screen display 24

relative to the base 22 caused by the phase change in the mnrﬁ@or vw{es
32a, 32b, Jaee 28zan be fixedlodpe fauc SEReBSIA A by Hexible sidewalisgaiveetngiriPhg

user inter %‘k’él‘nﬁ% ib *é.dewﬁnélr @P&H frésktblé@eéwéa&t@hfb@Qﬁadé&[é?%QM@e eRgofrt.ed
above, the touch screen | ay can_be any suitable touch screen display

and i s not [096dlt edMhile H‘%%B%Rﬂ'"@?‘i}*é dﬁ%‘if&?dé'@f’%ﬁreoql%eﬁ eghio PaisUiBbuch screen

di spl ay Car\npﬁmeh%oﬁéémé ortablé él’e'cﬁérhlaﬁe%@él@t%ﬁﬁé @ﬁ@e@toaaltw nfdifBiort her
sui tabl e touch screen ¥®Has W | @preC|ated y those skilled in
m

the art?3 [@oey]amtw@éé%meﬁée @mw \@th* ﬁSeP@ﬁﬁ%ﬂ/Sw“*r ofthePrasPii ted to

the det er magiid-@6n Of:orléénﬁiuéﬁ%eesdz@ﬁﬁ& kRAbendf n@ar@tcﬂfthéfebwbﬁw@ﬁértaﬂleﬂﬁ ead,
notions such as the sli finger along the touch screen display 24

can be det &lafirapig depige Pﬁ'éﬂ%ef Wh'i'%St&'d’rﬁ?‘é%g Hhesprgiincion, Mesx ot nor e t han

one | ocati fhditatibes RIANaBEHSRBy BEAR 1éhodd skifdy Rehelatk: eAm;mdnamdcamhs ons
such as increasing or decreasing the di stance between f er touch

| ocati ons &af vBealipas arebelisyed ty bawitbipdhe sritere Ard P‘Eﬂ?&tquﬁe eS¢ geRicatien-e
than one set of X and Y 20 co-ordinates can be used to determ ne which of
the coil-shaped wires 32a, 32b, 32c, 32d to activate. Thus, nore than one
of the wires 32a, 32b, 32c, 32d can be activated w thout activating al
four of the wires 32a, 32h, 32c, 32d. For exanple, two of the wres 32a,
32b, 32c, 32d that are located proxinmal corners that share a commobn side
can be activated to cause the touch screen display 24 to pivot. Further
still, the changing |ocation 25or notion of the touch can result in a
change in activation fromone or all of the coil shaped wires 32a, 32b,
32c, 32d to another or all of the coil-shaped wires 32a, 32b, 32c, 32d.

[ 0062] Al t hough five areas are shown in the touch screen display 24 in the
enbodi ment shown in Figure 5, it will be appreciated that these areas are
shown for 30 exenplary purposes only and ot her areas can be enpl oyed. For
exanple, the X and Y co-ordinates can be determ ned, followed by activation
of the nearest one or ones of the four wires 32a, 32b, 32c, 32d. Further,
t he shape of the areas can differ fromthat shown. Further, a different
nunber of wires can be used and the wires can be | ocated at different
positions between the base 22 and the touch screen display 24. 35[0063]1In
t he enbodi nents descri bed above, the touch screen display 24 is framed by
the frame 84, which is fixed to the base 22 by the sidewalls 86. It is
contenplated that 17



base 22 can be fixed to the touch screen display 24 by flexible sidewalls
rat her than, for exanple, rigid sidewalls. Such flexible sidewalls can be
made of any suitable el astonmer. [0064]Wile the enbodi nents descri bed
herein are directed to particular inplenmentations of the portable

el ectronic device, it will be understood that nodifications 5 and
variations to these enbodinents are withith the scope and sphere of the
present application. For exanple, the size and shape of many of the
features ofldiwg: portabl e el ectronic device can differ while still providing
t he sanme function. Many ot her nmodi fications and variations may occur to
those skilled in the art. such nodi fications and variations are

bel i eved tq) be Nté%h%c?é& @gﬁ)@;@,p@&n > of the present application. 18
Cl ai ns: . touch screen display unit conprising: a base; 5a display
devi ce connect eabﬁ‘éethe base and noveable relative to the base; a

touch-sensi ti vegigipidy Wik @6RNENES ioﬁh@%a&@ﬁn@hﬁ:ﬂé@{e Fative o irsyba%@t ermni ng
a touch event thereto; and pluraljty of shape neno W res

di sposed bet weefl tPHe ﬁ%f%“’ﬁn'ﬂp‘t'th‘é“rfﬂ@pPW’YH'év‘h@ed's%laY é’@ﬁ@‘ét{ﬁ’gé‘etﬁﬁ@m fhe
plurality %cﬁgeewtﬁggtol ge@t ed proxi mal each of four 10 corners of the
di spl ay device, the shape memory alloy wires each conflgured t o change

shape in respondePluglityopfdshaneomeston: ey tires dispesed beiwesn,dae r’i’ﬁ%r?é’ﬁt thgs

the di spl ayisgay 'dﬁﬁcé% %sbé!&wb‘bnbhﬁtﬁ@élﬁrahty of the mﬁl’é@ld%htéd@?@mﬁ@%ébh&)f%\]r
causes conduction of electric current through | east one of the shape

menor ylGl | egmers édhe displayrdquicgs fheo?f@PSfm?'H@Wsﬁ'&ﬁé""i?érﬁﬁcg) corfigiredie ggange

15det er m n%éﬁaﬁ%seéhsle%aédnanct% biheret @i uremert cads%Ser\I'érﬁ@wtld? the rpRiyt of
t he di splay device and touch-sensitive input surface relative to the base.

2. The touleviersaladive & §151b&Suni t according to claim1, wherein the shape

memory alloy W {yfgrel Peqisdh SR baﬂlé@:@@ohdho?ﬁﬁ bﬂglebtlﬁcb@ﬁ&ﬁﬁﬁ:@u?l@a@l@éﬁl&kl on
of electric current 20t herethrough. The touch screen display unit

accor di ng ebthe aharermemogy ailex W‘reéomf?r akleagt ane ohithoishare AetAPKiifesy a

locati pq antbhﬁ.nb@%ﬁee&ﬁﬁnéeat.%ﬁﬂoﬂh@ tORACEVERE NeSUtiY FPdYerdntlofaR6 AlsPiayy t O
any one of the preceding clains, wherein the shape nenory alloy wres
conpri se ndeviceany fogsgh-sensitive input surface relative to the base.

2. The touch screen display unit according to claim 1, wherein the shape memory
alloy wires are each configured to shrink in response to conduction of electric current
20  therethrough.

3. The touch screen display unit according to claim 1 or claim 2, comprising a

controller for determining a location of the touch event.

25 4. The touch screen display unit according to any one of the preceding claims,

wherein the shape memory alloy wires comprise muscle wires.

5. The touch screen display unit according to claim 1, wherein the display unit is
arranged such that electric current is conducted through each of the plurality of wires
30 located proximal each of the four corners of the display device in response to the location

of the touch event being proximal a center of the touch sensitive input surface.

6. The touch screen display unit according to any one of the preceding claims,
wherein each of the wires is coil-spring shaped.
35



5. The touch screen display unit according to claim1l, wherein the display
unit is arranged such that electric current is conducted through each of
the plurality of wires 30l ocated proxi mal each of the four corners of the
di splay device in response to the |location of the touch event being

proxi mal a center of the touch sensitive input surface. 6. The touch
screen display unit according to any one%f the preceding clains, wherein
each of the wires is coil-spring shaped. 19 7.The touch screen display
unit accor@i ng The afychoseeoh didpiaypusit @dcardingl tai amy onergdrtheiprgeatiirigr elaiens,
spaced fromthe base by interpedia i dewal.l.s and fram ng th i spl

vt co andCQTDRIEING Bricatte Beab Home b Bess” BE¢niprafary, Sule a6, FaRo e
conpri si ngdisplay devite and BeBh-deagiiviyinputisurfaceor ding to claim 3, and

oper ational conponents conprising a processor between the base and the

di spl ay device and operatively connected to the controller, the display
devi ce smndgt he Ahapgtromiteeyicakb@prisihg:es for causing conducti on of current

t hrough t he sha nory 10alloy . wires in res se,to the touch event,
resulting in mgzﬂgﬁt%ﬁénﬂ(i@'%i’bﬁ%fwﬁ’mteé??ﬁ"ﬁﬂﬁﬂ% to the base. 9. The
el ectroni c devi ggeratisral toftponente! sompising IMprocessy betweehathbCbasestany ther
limting a ,range of notion of the displ evice in the direction of the
base. 19 1050R feviecnor SResRbEl Petscia OB ielt b HePag Revige g dhe
colrrpri si ngsha]:p@CrﬁbeIWaI%yf[\mwsffoi Bﬂhﬁri]ngibor&iLﬁWﬁbf wregmmr?ugpimwhaﬁemﬁmrpi ng
a location the touch input on the touc creen dis Vi and. causj n
current? coﬂ'&!c‘f"ﬁ?n‘"trﬁ?%&ﬁ tg;the toygh %’ﬁ@gd s"jt"lﬂ Wr’aPY%fBe'gf°f§’h%85P%¥r¢8P’§ezo
al | oy wi r emlgtivapoiethdsel ween a base and the touch screen display of the

el ectronic device in response to receipt of the touch input, a respective

one of the plurality of shape nenory alloy wires | ocated proxi mal each of
four cornegs of Théldchdbid dsdiiceeacebrding ay, cldilme8Aatompasihg @nmeohartidt stdpa e

b e alohcs 35 eos bR il el Lpv, and, e
shape menory alloy wires to cause novenent of the touch screen display
xeot 26l ¢ 1¢-nst AR e CRLPING AR ARSUPTE e D)o B ULEESOP Y o Comput i ng.
devi ce, cause sgicgivigrislithn hpdeaticeutiosdtépetisplam t he st eps of the net hod of
claim 10. determining a location of the touch input on the touch screen display; and
causing current conduction through at least one of a plurality of shape memory
20 alloy wires disposed between a base and the touch screen display of the electronic
device in response to receipt of the touch input, a respective one of the plurality of shape
memory alloy wires located proximal each of four corners of the touch screen display, the
at least one of the shape memory alloy wires determined based on location of the touch
input, and the current conduction resulting in a change in shape of the at least one of
25 shape memory alloy wires to cause movement of the touch screen display relative to the

base.

11. A computer readable medium containing computer executable instructions that,
when performed by a processor of a computing device, cause said computing device to

30 perform the steps of the method of claim 10.



