TOUCH SENSPTI VE SCREEN W TH MECHANI CAL SELECTABLE LABEL- DI SPLAYS Techni cal
Field The invention relates to a display and input device that is used as a
user interface for equipnment having a plurality of different functions.
Background of the Invention Conventional electronic equipnent, such as
wi.rel ess tel ephones and portable con’pélters has until recently been
constructed and used as discrete and independent individual devices.
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coming into practical use. An illustrative example thereof is the AT&T/EO personal
digital assistant (PDA), which combines the functions of a cellular telephone and a
notebook computer in a single portable device. :

As electronic devices expand in functionality while also shrinking in
size, the numbser of conventional push-buttons or keys that are needed to operate
these devices grows while the area available on the devices for mounting these
push-buttons or keys shrinks. Hence, the push-buttons and keys are shrinking in size
to fit the available mounting areas. But the size of fingers of the user of these
devices remains the same, with the net result being that the keys and push-buttons
are getting too small to be used effectively.

Some solutions to this problem already exist. One solution uses pen
input instead of a keyboard, as is already being done on many PDAs. Another
approach underlays a touch-sensitive membrane with a display screen that displays
the labels of the touch areas of the touch-sensitive membrane, to form a touch-
sensitive screen. The touch areas are actuators defined by the touch-sensitive
membrane. At any time, the touch-sensitive membrane’s touch areas are
reconfigured under program control to correspond to only the particular control and
input functions required at that time, and the labels displayed by the display screen
are changed accordingly at the same time. Hence, only a subset of the full set of
actuators is presented to the user at any one time. An illustrative exémple of this
latter approach is described in U. S. Pat. No. 4,896,223.

However, both of the above approaches have serious flaws. On one
hand, it is very difficult to get the same level of input accuracy, and hence also
control accuracy, with a pen as with a keyboard. This has been a major reason
behind the limited acceptance in the marketplace of pen-based PDAs until now. On
the other hand, display-screen underlays for touch-sensitive membranes are quite
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display arrangement. A display screen is preferably retained to display those touch-
area labels that must be changed dynamically and automatically, as well as to present
output information to the user. But these functions typically require a display screen
that is small in size relative to the total area of the touch-sensitive membrane. The

mechanical display arrangement can be made simple, and consequently can be much
less expensive than a display screen of comparable size. And while the mechanical
display arrangement may not be as versatile as the display screen in terms of the
number of different images that it can display, it relies on and takes advantage of the
fact that many applications of display and input devices need only a limited, small,
number of fixed sets of labels and hence do not require the full versatility of the
display screen. ' :
Generally according to the invention, a multi-functional device
comprises: circuitry for effecting a plurality of functions, each function having a
different display image corresponding thereto; a plurality of physical display
surfaces cooperating to define the display images, at least some of the surfaces being
movable to make any selected one of the images visible to a user of the device while
others of the images are obscured from the user; an actuator operable by the user
coupled to the surfaces such that operation of the actuator results in movement of at
-least some of the surfaces, the actuator having a plurality of positions each
corresponding to a different one of the functions wherein in each of the positions the
one of the images that corresponds to the function to which the position also
corresponds is visible to the user while the others of the images are obscured from
the user, and transition of the actuator from one of the positions to another of the
positions results in the image that is visible to the user in the one position becoming
obscured from the user and further results in the image that is visible to the user in
the other position becoming visible to the user; and a controller coupled to the
circuitry to cause the circuitry to effect the selected one of the functions.
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the user, and transition of the actuator from one of the positions to another of the
positions results in the surface that is visible to the user in the one position becoming
obscured from the user and further results in the surface that is to be visible to the
user in the other position becoming visible to the user; and a controller coupled to
the circuitry to cause the circuitry to effect the selected one of the functions.
- Even though the multi-function device is an electrical or electronic
“device, it nevertheless employs a mechanical image-display arrangement controlled
by a user-operated actuator to supplement its electrical or electronic functions so as
to obtain the various advantages offered by the mechanical arrangement. These
advantages are not only limited to lower cost, but include no electrical energy
consumption, reliability, ruggedness, visibility in bright light, etc.
Preferably, the controller coinprises an arrangement, such as an
electrical switch that is a part of the actuator, that responds to the actuator being
placed in any one of the positions by automatically causing the circuitry to effect the
function corresponding to that position. The displayed image and the selected
function of the device are thus automatically synchronized by means of the user’s
operation of the actuator.
Also preferably, the multi-functional device further comprises a touch-
sensitive membrane defining touch areas (e.g., actuators) for the plurality of
functions, and each image comprises labels for the touch areas defined by the touch-
sensitive membrane for a different one of the functions. The multi-function device --
such as a combined PDA and wireless telephone, for example -- thus gains the
benefits of the display and input device characterized above.



surfaces cooperating to define the display inages, at |east some of the
surfaces being novable to nake any sel ected one of the inmages visible to a
user of the device while others of the inages are obscured fromthe user,
an actuator operable by the user coup/ed to the surfaces such that
operation of the actuator results in novenent of at |east sone of the
surfaces, the actuator having a plurality of positions, each correspondi ng
to a different on@hese andethetadwantages andcfeaturesiof theoprasent inveatigno¥ilt j ons t he

one of t *Fecbﬂég.g&f gﬁ@&mﬁ?{ohﬁt?@?m&vihg de&t@iption OF bR NusGatiVel éibddifentosi ti on

al so correspon ] | Sible to the uSer while the others of the imges are
obscur ed 9fibsinvaationtaken taaﬂhqrrvgﬁs&)eidmw'as- the actuator from one of the

posi Li onsBief PaRription®f thé Praddimpt i ons results in the image that is visible
to the user in tn €. posI t.J on, hecomni bscured fromthe.user.and further
results in the i n&b‘g sap °F@°€?¥Y‘5Wé’¥‘lag’q B‘?@?nq?tﬁ’"t @'B@Hé M i on

beconi ng devidelthat entbodies at sikustrativece xampleof the limventionipl ed to the circuitry to

cause the circuit $.°2a9{;r§§{1a$clﬂﬁ &g‘lggl&t@g&ggﬁgaﬁgthnﬁugmct i ons. -3 -

Il'lustratively, a tT-Tunctiona rises: circuitry for
ef f ect i ngerabgslimeat ofithe lobelidispiay arangemantiofithedevieaofifd@. hg a different
di splay image cor pgG§HoRd &?aﬁ%?dhﬂ&&ﬁraﬁdﬁbkﬁiﬁbfﬂec%d Alkehew di splay
surfaces each_bearing a different one of ttne |magetsp_lc‘at1 | east some of the
surfaces ¢Bbodimentoftiielabe-display aFapgement of the deviceof FIG. 1;

. FIG. 4 is an example of an image presented by the device of FIG. 1

when functioning as a telephone; and

FIG. 5 is an example of an image presented by the device of FIG. 1
when functioning as a PDA.
Detailed Description
FIG. 1 shows an exploded view of a block representation of a multi-

function device 20. Multi-function device 20 illustratively combines the functions of
both a conVen@ional personal digital assistant (PDA), such as personal-computer and
electronic notebook functions, and a wireless telephone. Accordingly, device 20
includes a base portion 14 which carries conventional PDA circuitry 21 and
conventional wireless telephone circuitry 22. Mounted on top of base portion 14 is a
display and input device 30 that functions as a user input and output (I/O) interface
to device 20 and that is constructed according to the principles of the invention.
Device 30 is a touch-sensitive screen. It is made up of an input portion 10 that is
underlayed by an output portion 12. Input portion 10 is a conventional touch-
sensitive membrane. Output portion 12 comprises a conventional liquid-crystal
display (LCD) screen 11 and a mechanical label-display arrangement 15. Touch-
sensitive membrane 10 is transparent, so that both LCD screen 11 and label-display
arrangement 15 are visible therethrough. LCD screen 11 displays the outputs of the
functions of device 20 to the user, in a conventional manner. LCD screen 11 also
cooperates with portion 16 of touch-sensitive membrane 10 in a conventional

“ manner to display labels 18 of touch areas 13’ that are defined in portion 16 of
touch-sensitive membrane 10 by a processor 23. This type of cooperation is
described, for example, in U. S. Pat. No. 4,896,223. Label-display arrangement 15
cooperates with portion 17 of touch-sensitive membrane 10 to display multiple
selectable sets of labels 18 for touch areas 13 that are defined in portion 17 of touch-
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functions has been selected, in a conventional manner. In response, processor 23
activates the corresponding set of circuitry 21 or 22 and reconfigures touch-sensitive
screen 10 to correspond to the selected function, also in a conventional manner. The
lever portion of actuator 19 mechanically changes the set of labels displayed by
arrangement 15. For an understanding of how that is accomplished, refer to FIGS. 2
and 3 and their accompanying description below.

FIGS. 2 and 3 show two alternative architectures for arrangement 15.
The architecture of FIG. 2 uses a sliding mechanism, while the architecture of FIG. 3
uses a rotating mechanism; both are mechanical as opposed to electronic in nature.
Both architectures also use the same mechanical principles. In each case, the set of
labels corresponding to each different function is defined by a different physical
display surface (e.g., 201 or 202 in FIG. 2, and 311, or 312 in FIG. 3). Each display
surface is formed from a plurality of surface portions (e.g., 203 or 204 in FIG. 2, and
302 or 303 or 304 in FIG. 3), at least some of which are movable. The surface
portions form a display surface when they are properly aligned with each other (e.g.,
as in FIG. 2a or 2c, and as in FIG. 3a or 3c). A linkage (e.g., 205 in FIG. 2, and 305
and 306 in FIG. 3) connects actuator 19 to at least some of the surface portions and
translates operation of actuator 19 into motion of at least some of those surface
portions such that, in each one of a plurality of predefined positions of actuator 19
(e.g., 240 and 241 in FIG. 2, and 340 and 341 in FIG. 3), the surface portions that
form a different one of the display surfaces are aligned with each other and face
touch-sensitive membrane 10 in front (relative to membrane 10) of the surface
portions that form the other display surfaces.
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top surfaces a different set of touch-area labels. For example, the plates 203 of
layer 201 carry the labels for the PDA function of device 20, while the plates 204 of
layer 202 carry the labels for the telephone function. While actuator 19 is in a first
position 240, the PDA function is selected, and plates 203 and 204 are in the relative
position shown in FIG. 2a. In this position, plates 204 of layer 202 are obscured by
(hidden underneath) plates 203 of layer 201, so that only the plates 203 and the
labels carried thereby. are visible through touch-sensitive membrane 10. When the
user decides to switch from the PDA function to the telephone function, the user
slides actuator 19 from the first position 240 to a second position 241. Actuator 19 is
attached to plates 204 of layer 202 by a linkage such as a rod 205 so that the motion
of actuator 19 from position 240 to position 241 slides plates 204 from under
plates 203 and over plates 203 as shown in FIG. 2b. When actuator 19 is in the
second position 241, the telephone function is selected, and plates 203 and 204 are in
the relative position shown in FIG. 2c. In this position, plates 203 of layer 201 are
hidden underneath plates 204 of layer 202, so that only the plates 204 and the labels
carried thereby are visible through touch-sensitive membrane 10.
The architecture of FIG. 3 uses rotatable members 301 having a
triangular cross section, so that each member 301 defines three surface
portions 302-304. The members 301 are mounted to rotate in unison around their
axis under the influence of a linkage 305 and 306, as shown in FIG. 3b. At least two
sets of the surface portions 302, 303, and 304 constitute the surface portions of
different display surfaces and define different sets of touch-area labels. For example,
the surface portions 302 carry the labels for the PDA function of device 20, while the
surface portions 303 carry the labels for the telephone function. While actuator 19 is
in the first position 340, the PDA function is selected and members 301 are in the
position shown in FIG. 3a. In this position, surface portions 302 are aligned to form
a display surface 311. Surface portions 302 face touch-sensitive membrane 10 and
hence the set of labels carried thereby is visible through touch-sensitive
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FIGS. 4 and 5 show examples of the images that a device 20 configured
as described above may present to the user. FIG. 4 shows an illustrative image
presented for the telephone function, while FIG. 5 shows an illustrative image
presented for the PDA function.

Of course, various changes and modifications to the illustrative
embodiment described above will be apparent to those skilled in the art. For
example, the display surfaces that bear the labels may be fixedly positioned with
respect to each other and overlayed by a movable display surface comprising an
array of stamped lenses. The lenses make only a selected one of the sets of labels
visible, depending upon the position of the lenses relative to the surfaces. Or, the
display surfaces may comprise a single opaque surface overlayéd by a movable
transparent surface (e.g., a sheet of film), both of which are imprinted with a pattern
of light and dark areas. As the opaque surface and the transparent surface are moved
with respect to each other, the light and dark areas align and combine to reveal
distinct images in each of the distinct actuator positions. Also, the touch-sensitive
membrane need not be a physical membrane, but may be a virtual membrane
defined, for example, by cooperation of an array of optical emitters and sensors, as is
known in the art. Such changes and modifications can be made without departing
from the spirit and the scope of the invention and without diminishing its attendant
advantages. It is therefore intended that such changes and modifications be covered
by the following claims.
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an actuator (19) operable by the user, coupled to the surfaces such that

operation of the actuator results in movement of at least some of the surfaces, the
actuator having a plurality of positions (240, 241; 340, 341) each corresponding to a
different one of the functions. wherein in each of the positions the one of the images
that corresponds to the function to which the position also corresponds is visible to
the user while the others of the images are obscured from the user, and transition of
the actuator from one of the positions to another of the positions results in the image

. that is visible to the user in the one position becoming obscured from the user and
further results in the image that is visible to the user in the other position becoming
visible to the user.

2. The device of claim 1 wherein:
the controller comprises means responsive to the actuator being in any
one of the positions, for automatically causing the circuitry to effect the function
corresponding to that position.

3. The device of claim 1 further comprising
a touch-sensitive membrane (10) defining touch areas (13) for the
plurality of functions; wherein
each image comprises labels (18) for the touch areas defined by the
touch-sensitive membrane for a different one of the functions. Z

4. The device of claim 3 wherein:
the touch-sensitive membrane is transparent; and
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functlon) and changes t he set of | abel s presently o H-angenent

15 to CCI]hi’sS *fouch areas 13 defi ned by ¢ A ASTHEEN
sel ect ed switch portion of actuator y si ghal s
to pro'ces ne of the funcfi ons has been sel ected;

conventlona nanner I n response, procéssor 23 activates the correspondlng
set of circuitry 21 or 22 and reconfigures touch-sensitive screen 10 to
correspond to t he theglemtigoofiphysicabdisplay surfices sndediethetouchsknsiivener . The

| ever por S

i spl ayearisgbrste SAG el Gl fecHBE SRR aded IRBIe1Y e e Blodgfithe

acconpl i smh-se@ltme membramowhile gtherssofthelimagss are fromrthe usegcri pti on
below. FIGS. 2 and 3 show two alternative architectures for arrangenent 15.
The architecture of FIG 2 ses % s]idjng mechanism while the architecture
of FIG 3 uses a othgidenige pEelumilowhensi® h are nechani cal as opposed to

el ectronic in nat tmaapluﬁmybfq:‘r@bichmtplwsuﬁdcss)eatﬁe,eéﬂea mntrmféhﬁnl cal
pr|n0|ple .. n _each

a s, cor n ch different
Punct i on' e e gt 6 movable suftBoes aim ey ads meks oty eisrdan B “201 or
202 in FI surfddes wisiblexdthe user $hile iothelrs &f tha surficas hrecibsquired/fremrthaaserj s f or ned
froma pl H]gcglity of surface portions (e.g., 203 or 204 in FIG 2, and 302
or 303 or 4 in FIG 3), at |east sonme of which are novable. The surface

portions form a diimgachyf thepasitionsief the actyater; the one pbthe purfaceg bearing t h each

ot her (e Ehe,mf% ema:Edr@sp&ﬂs% theCfundtih @Swhith frle s:ﬁ@n also 36rres gén!idi&kage
d 305, and .306 i FI G nects actuator 19 to at

(e.g.
| east sonﬁ‘sg{fe {‘}.‘Sﬁ E?fl’f”i‘[élé thethers,f thesurtaces e 9 gr S%fnedﬁe'bfm ctuator 19
i nt o not i aangifioradf theastatsofi@mahe bhosftha poficaoss to the other of the positions

results in the surface that is visible to the user in the one position becoming obscured
from the user and further results in the surface that is visible to the user in the other
position becoming visible to the user.

6. The device of claim 1 further comprising

a display screen (11) for displaying outputs of the functions to the user,
and .

a transparent touch-sensitive membrane (10) for receiving from the user
inputs for the functions, the touch-sensitive membrane defining at least one actuator
(13) for each of the functions, the at least one actuator for one function either (a)
having a different corresponding label (18) for the one function than for another
function, or (b) being a different actuator from the at least one actuator for another
function; wherein

the plurality of physical display surfaces (201, 202; 311, 312) form a
label-display arrangement (15) underlying the touch-sensitive membrane for
displaying the labels (18) of the actuators (13) for the plurality of functions through
the touch-sensitive membrane to the user, the plurality of physical display surfaces
cooperating to define the labels for the actuators for the functions, the movable
surfaces being movable to make the labels for the at least one actuator for any
selected one of the functions visible to a user of the device through the touch-
sensitive membrane while the labels for the actuators for others of the functions are
obscured from the user,
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ortlons such th ch one of a plurality of predgfT IMLUOHS of
‘act uat ofhi cglﬁd 241 in FIG 2, and 340 and jp4ti$ ﬁHFLGHI@\‘\Fhe
surface \;11 “ orma different one of the dis séisf_‘f::ge; £5 é-er@\'

al i gned and face tough=sensitive nenbrane
(relative to rrenbrane 10) of the surface portions that formthe other

di spl ay surfaces tecture two di spl ay
surfaces, or | aye?aé:h °£gf le‘@@ PRUHIRL ﬂ?foafcﬁaéﬁs(ﬁ $s°pl ates, 203 and
204, r espeaespondy to a4 diffepdnt pesitiGiifg afithe 30rfaces relativet tothd wych-semitive '

e el R0kl GEeie R RO B SRR or AR o il 3, 0Ver | o0

each ot her rows of 100 2b. The

pl at es 20dsible to the usay&rowlheamclwmsitmangmbm wbxhz the lahels fos the04 of the
other | aya%fua?&@ {6 @E@ﬂh&ldﬂstape Staeied fronPthe faeerml%qae gGatdf isligyer 201 by -

means of a |1 nkag but, are stationary relative to each other. In other
wor ds, p|ta?agﬂmtba¥cqr5§mn s tosaid fanctign,@fdson. The pl ates 203/204 of each

:aﬁelr ZOI%/ 202 def ﬂﬁ%oﬁﬁolld?iﬂ? 1§%§ %ﬂsi\;e’:tﬁ%ﬁc itfd‘naffeﬁeaﬁéxo?‘ogt Fuc][l-ar teﬁ
apel S or .exa al es 0 e arr e a S or e
bon f unctiPBENMEIEE ouchseReitye mamgwaemg% oot s FOSespORaIT ,  he

| abel s f ahe firetioe thapbarrespéndsad itlerpositionl of tixcdcnetarrand $or causing shef i r st posi tion
240, the A?%M%W?ﬂhé ?u:ﬁﬁbﬁ%a‘?@on&i}gnd%' :ﬁttﬁespo%ﬁ%n%?%ez&fua%r.e in the

rel ative

7. The device of claim S or 6 wherein:

each physical display surface (201; 202; 311; 312) comprises

a plurality of surface portions (203; 204; 302; 303; 304) forming the
surface when aligned with each other; and

the label display arrangement further comprises

a linkage (205; 305, 306) connecting the actuator to at least some of the
surface portions, the linkage translating operation of the actuator into motion of said
at least some of the surfaces such that, in each of the positions of the actuator, the
surface portions that form a different one of the surfaces are aligned with each other
and face the touch-sensitive membrane in front, relative to the touch-sensitive
membrane, of the surface portions that form the other surfaces.

8. The device of claim 5 or 6 wherein:

each physical display surface (201; 202) comprises

a plurality of surface portions (203; 204) positioned substantially
adjacent each other and together forming the surface, each said surface portion
having a surface portion counterpart among the surface portions of each of the other
surfaces, and constituting with the surface portion counterparts a set of surface

- portions; and _

the label display arrangement further comprises

a linkage (205) connecting the surface portions (204) of at least some of
the surfaces (202) to the actuator, the linkage translating operation of the actuator
into motion of at least- some of the surface portions of each set relative to each other
such that, in each of the positions of the actuator, all but a different one of the
surface portions of each set is positioned behind, relative to the touch-sensitive

*
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position shown in FIG 2a. In this position, plates
obscuredrhﬂﬁhéehﬂamﬁmgld@dneat h) plates 203 of |ayer

pl ates 20 | s carried thereby are visibl=e
touch-senmiml e 10. When the wuskEk tlecides to sw tch fromthe PDA
function ephone function, the user slides actuator 19 fromthe
first position 240 to a second p05|tion 241. Actuator 19 is attached to
p:c ates 204meﬁ1bi'?¢ﬁﬂdféﬁ@!)lsatid@né kurfamg(poalmfnfasaidaset or{basurasetpostion dofe not i on
of actuator Lom 4 from
under pl at &9 F\‘Hg'qs%t @ @ gggfhés%hlgn &fﬁ%@&%@iﬁé Ihuat or 19
isin the &ncmmh-qsostwe membrane mﬁallpéﬂvmﬁhn:euﬁmm%%mﬁ each @éﬂ@d and
plates 203, %@%304 are in the relative position shown in FIG 2c. In this
position, plates 203 of l|ayer 201 are hidden underneath plates 204 of |ayer
202, so that only the plates 204 and the |labels carried thereby are visible
througBI toucPTbsensy tmevmtg]agns(bremrahchl tecture of FI G 3 uses
rotatabl e menbers 30 a triapqul SS sectl so that each
menber 301 defi nes %ﬁ?&@' ?J'UF”?: (gﬁ;'l ggg’ Sthe rrenbers 301 are
IrmuEt ed g 85rot 3te iarplmh@cm’ sanfsnerptmdsmKBOZpaos Bﬂﬁjéom:hgzthershrfawwhemf a

I nkage n a h t |east two sets of the surface

g S0siishy WeisR eictinely and.

portions 35‘}s e surface portions of different
di spl ay surfaces ankie Labéli displayi drfapgementsomprises t ouch- area | abel s. For

exanple, the surfa | ction of
dovibe 20 while tB lgﬁpgyggétggagfellﬁﬁgs%&agm)ea&%&nﬁraingtmf@%ci)y@ i

he | apels for the
t el ephone pf the plusality\gf isnefacg porians © Eg:h@elq%ahq%‘réapqssgn osition 340, the PDA
function is sel ect edirkage (BO5P306) cftlecting thertrotabable members to the actuator,

the linkage translating operation of the actuator into rotation of the rotatable

33@",%5@ g éﬁﬁ e

.l.l..
A = . e

members such that, in each of the positions of the actuator, each of the members
faces toward the touch-sensitive membrane the surface portion of a different one of
the surfaces and faces away from the membrane the surface portions of the other
surfaces.

10. The device of claim 6 wherein:

the plurality of physical display surfaces comprise

a plurality of physical display surfaces (201, 202; 311, 312) each
bearing the labels (18) for the at least one actuator (13) for a different one of the
functions, at least some of the surfaces (202; 311, 312) being movable to display any
selected one of the surfaces through the touch-sensitive membrane to the user while
others of the surfaces are obscured from the user; and

the actuator comprises

an actuator (19) manually operable by the user, coupled to the surfaces
such that operation of the actuator translates into movement of at least some of the
surfaces, the actuator having a plurality of positions (240, 241; 340, 341) each
corresponding to a different one of the functions and each of the plurality of
positions also corresponding to a different positioning of the surfaces relative to the
touch-sensitive membrane such that the surface bearing the labels corresponding to a
function is positioned to display its labels to the user through the touch-sensitive
membrane while the labels borne by the other surfaces are obscured from the user
when the actuator is in the position that corresponds to said function.
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position shown in FIG 3a. In this position, surface portions 302 are
aligned to forma display surface 311. Surface portions 302 face
touch-sensitive nmenbrane 10 and hence the set of |abels carried thereby is
vi si bl e through touch-sensitive -7- menbrane 10, while surface portions
303 and 304 are hidden fromview Wen tjhe user decides to switch fromthe
PDA function to the tel ephone function, the user rotates actuator 19 from
the first positionaiﬁ?‘io t?e second position 341. Actuator 19 is attached
to menbers 301 by agefillustratively conprising pulleys 306 and drive
belt 305, so that the notion of actuator 19 from pgsition 340 to position
341 rotates the menbers 301, as shown in FIG 3b #hxactuator,,19 i s in

t he second position 341, the tel ephone functig shed, =Hg surface
portions 304 of nenbers 301 are aligned to #efma display S ace 312.
Surface portions 304 face touch-sensitiyeAafenbraneqg e set of

9
whil e surface portions 302 ddd 30 i
3c. FIGS. 4 and 5 show exanpl s>
as described above may preseptte
i mage presented for the tg
illustrative inmge




presented for the PDA function. O course, various changes and

modi fications to the illustrative enbodi nent described above wll be
apparent to those skilled in the art. For exanple, the display surfaces
that bear the | abels nay be fixedly positioned with respect to each ot her
and overl ayew A mg;fl e display surface conprising an array of stanped

| enses. The [enses make only sel ected one of the sets of |abels visible,
dependi ng upon the position &the | ed@®s rel@tive t 9oy he surfaces. O, the
di splay surfaces may conpri s§ a single opa surfaceg overl 3 by a

novabl e transparent surfa . . [ of) which are
imprinted with a pattern of [igf S ,,..s;".a%“f > e and
the transparent surface are noved w t@ resSpect/tG eacp Otner, ++g0t and

dark areas align and conbine to reveal4di stincipsi magegyyi n eacfpo0f the

di stinct acwrcnpozapns. Al so, the touch-sensitive nenbrahe need not be
a physi cal e, may be a virtual nenbrane defined, for exanple, by
cooperation of an array of gggical emtters and sensors, as is known in the
art. Such changes and nodif{cations can be nade w t&®ut departigg fromthe
spirit and the scope of t ' \ M ni shing i ys attendant
advantages. It is therefore {fj cations be
covered by the foll ow ng clains.
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REPLACEMENT SHEET 8 Clains 1. A device (20) conprising circuitry (21-24)
‘for effecting a plurality of functions, each function having a different

di splay i mage (18) corresponding thereto, 5 a touch-sensitive
menber (10) defining touch areas (13) for the plurality of functions and, a
controller (23) cooperating with the t3uch-sensitive nmenber to define the
touch areas for the plurality of functions and coupled to the circuitry to
cause the circuitry to effect a selected one of the functions,
CHARACTERI SED BY 10 a plurality of physical display surfaces
(201, 202; 311, 312) cooperating to define the display imges (18), at

| east sone of the surfaces (202; 311, 312) being novabl e to nake any

sel ected one of the inmages visible to &user of the device while othegs of
the images are obscured fromthe user, (the touch&sensitive nmenber (10
defining at different times touch areas\l5 ( or each of the pluraity
of functions L= ; ' ore 1 U OO e
plurality of ;J
for anot her { s el 42
conprises la
menber for a

ned
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- 20 ~ an actuator (19) operable by the user, coupled to the
surfaces such that operation of the actuator results in novenent of at

| east some of the surfaces, the actuator having a plurality of positions
(240, 241; 340, 341) each corresponding to a different one of the functions
wherein in each of the positions the one of the inmages that corresponds to
the function to which the position also corresponds is visible to 25 the
user while the others of the i mges are obscured fromthe user, and

tra_nts! tion of f?e act gﬁroudn-smmwwtsm%wwmmem@&%hof the
positions results in the image Y e user in the one
position becom ng obscured f roﬁ#ﬁﬁéf@rﬁ;ﬁiéﬁhhw34§§ul ts in the inage
that i Zovi Si blgbgteaéﬂ;e _llj_ﬁerdi n the ?t hler_ poii ;tNihon becom ng vi si b: Ie to the
user. : e devi ce .cl ai erein: e controll.er

- It-fancfign device.such a8 acamoied PPA aad Wireless displa
conprises means respondt PEIL-HIncHen deyiteFush a5 gicobine Ghe vareless display
posi ti onsa_ fortteleph_oma(amaﬁs_)a dispisi grj:li’npm @ivtc@t(Bd))rtﬁa@iﬁclﬁﬂéﬁtou@:h@eﬁsiﬁkg& It ﬁn
correspondi ng | C rein: e
touch-sensiti \f@"g@lﬁ%‘%é@ﬂn&eﬁ&gﬁéﬂar@ﬁ@?ﬂlghog’e?%%&%%?ﬁ%%gf hjg%%i cal
di spl ay surf acarsangement (18) tordisplayudififesant séts of/touch-area labels (18) that correspond to

the different functions. A display screen (11) is retained as the underlay for a

portion of the touch-sensitive membrane to display touch-area labels that must be
changed automatically and dynamically, and to display output information. Each set
of labels (18) is defined by a different physical display surface, each formed from a
plurality of movable aligned surface portions. A linkage translates operation of a
manual actuator (19) into motion of the surface portions such that, in each predefined
position of the actuator, the surface portions of a different surface are aligned with
each other and face the touch-sensitive membrane in front of the surface portions of
the other surfaces.

Fig. 1



nertbr ane such that said sel ected one of the images is visible to the user
sthrough the touch-sensitive nenbrane while others of the ima

obscured fromthe user. 5 4. The device of claim %%gMﬁNTthT
plurality of physical display surfaces each bears a different one of the

I mges, and the novabl e surfaces aré_novabl e to nmake affy :
the surfaces visible to the user whiBe others of the s|ifiERIACEMENTOBNEEF d

fromthe user; and 10 in each of the positjons o t
the one of the surfaces bearing the imge that correspb%%-h-&-ﬂ@ﬁﬁ-a%ﬁ
to which the position also corresponds is visible to the user white the
ot hers of th8,ai4rfaces are obscured fromthe user, and transition of the
actuator fromthe one of the_positions to the other of the positions
results in the surfhc® denice (BQ comprising to the user in the one position
becom ng obscured 1%irchitgi(2 o) bsradffeatisl 4 plutdliRy of Rfmdtibss, bathififctioar f ace t hat
Is visible 3‘8 1 he Lger icth!he. othgg p05|t|08. biﬁoning visible to the user.
5. The devi £8Vige adisTRRtisRleY imase (L oresRApdipe P60y screen (11) for

di spl ayi n§ out put s af tontiesénsitiveinzemsber §10)Rlefining touchradea?{13) for the plurality a

t ransparent - itive menbrane (10) for receiving fromthe user

i nputs for t??r%ﬁ%%’?#@hs, the touch-sensitive menbrane defining at |east
one actuator (13) fdrcaneHen(23) eroperatiogivdthsthe taveh-gensitivesmensher tadefies or f or

one functi omheohélfireas¥or RRVPIREIR SH QIR ind SSUpRIOIRE SeculidPR) catdBthe f OF the
one function,than fo anotper )
circuitry to effect a selected one of the functions, CHARACTERISED BY
10 a plurality of physical display surfaces (201, 202; 311, 312) cooperating
to define the display images (18), at least some of the surfaces (202; 311, 312) being

movable to make any selected one of the images visible to a user of the device while

others of the images are obscured from the user;
the touch-sensitive member (10) defining at different times touch areas

15 (13) for each of the plurality of functions such that the touch areas defined for one
function of the'plurality of functions have a layout different from the touch areas
defined for another function of the plurality of functions, wherein each image
comprises labels (18) for the touch areas defined by the touch-sensitive member for a
different one of the functions; and .

20 an actuator (19) operable by the user, coupled to the surfaces such that
operation of the actuator results in movement of at least some of the surfaces, the
actuator having a plurality of positions (240, 241; 340, 341) each corresponding to a
different one of the functions wherein in each of the positions the one of the images
that corresponds to the function to which the position also corresponds is visible t6™

25 the user while the others of the images are obscured from the user, and transition of |
the actuator from one of the positions to another of the positions results in the image ]
that is visible to the user in the one position becoming obscured from the user and
further results in the image that is visible to the user in the other position becoming
visible to the user.

30 2. The device of claim 1 wherein:

the controller comprises means responsive to the actuator being in any
one of the positions, for antomatically causing the circuitry to effect the function
corresponding to that position.
3 'The'dgiricﬂe of claim 2 wherein:
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function, or (b) being a different actuator-fromthe at leﬁéé e actuat or
cfor another 25 function; wherein the plurality of physica LéﬁkNﬁmn'SHEET
surfaces (201, 202; 311, 312) forma | abel -display arrangenent (15)
underlying the touch-sensitive nmenbrane for displaying the |abels (18) of
the actuators (13) for the plurality of functions through|fQg
touch-sensitive nenbrane to the user 9 the plurality of phys EE}AQﬁMﬁﬂﬁﬁHEET
surfaces 30 cooperating to define the |abels for the act q%§r$[}6rNﬂMeﬂEm
functions, the novabl e surfaces being novable to nmake thell'ab8f s forthe-at

| east one actuator for any selected one of the functions visible 10 a user—
of the device through the touch- sensitive nenbrane while the | abels for

the actuators for others of the functions are 10 obscured fromthe user,

each of the plurali kbe ©hcH-BsHi9E menftaneik tlahgpapsitumdor (19) al so
corresponds to a different. positi.oni of the surfaces relative.to the

t ouch-sensitive mnﬁeﬁﬂrailﬂg?fsﬂhﬁﬁﬂf:&tcﬁél?% acey ealﬁzet?xaltoqc BERSIYEe act uat or
for a functinembeane soeitthabsaid/seddckddeoremfidrcimupes istvisiblegh thehset thrmighsknsi ti ve
menbr ane whj . | f u rs.f f Lons are
obscured fr @%18]%‘_%%%{}3}% ?E%/{ﬁberﬁ'?{ Wéﬁ a‘c’@ggastog%&’i ignalg% ?‘%29 %B&S}glgﬁr%ﬂp% {é%e?'
correspodds to sai d- fiheclevisa of clatin 1 wherein:

the plurality of physical display surfaces each bears a different one of
the images, and the movable surfaces are movable to make any selected one of the
surfaces visible to the user while others of the surfaces are obscured from the user;

and
10 in each of the positions of the actuator, the one of the surfaces bearing
the image that corresponds to the function to which the position also corresponds is
visible to the user while the others of the surfaces are obscured from the user, and
transition of the actuator from the one of the positions to the other of the positions
results in the surface that is visible to the user in the one position becoming obscured
15 from the user and further results in the surface that is visible to the user in the other
position becoming visible to the user.
5. The device of claim 1 further comprising
a display screen (11) for displaying outputs of the functions to the user,
and
20 a transparent touch-sensitive membrane (10) for receiving from the user
inputs for the functions, the touch-sensitive membrane defining at least one actuator
(13) for each of the functions, the at least one actuator for one function either (a) -
having a different corresponding label (18) for the one function than for another '
function, or (b) being a different actuator from the at least one actuator for another -
25 function; wherein
the plurality of physical display surfaces (201, 202; 311, 312) form a
label-display arrangement (15) underlying the touch-sensitive membrane for
displaying the labels (18) of the actuators (13) for the plurality of functions through
the touch-sensitive membrane to the user, the plurality of physical display surfaces
30 cooperating to define the labels for the actuators for the functions, the movable
surfaces being movable to make the labels for the at least one actuator for any
selected one of the functions visible to a user of the device through the touch-
sensitive membrane while the labels for the actuators for others of the functions are

A



the controller (23) is responsive to each position of the RERIACEMENT SHEET
;conflgurlng t he touch-sensitive nenbrane to define the actuators that
correspond to 10 the function that corresponds to the position of the
actuator and for causing the circuitry to effect the fun et
corresponds to the position of the actuator. 6. The devi
wher ei n: each physical display surface (201; 202; 311,
plurality of surface portions (203; 20¢; 302; 303; 304)
surface when aligned with-each other; and the |abel disp
further conprises a |linkage (205; 305, 306) connecting the actuator to at
| east sone of the surface portions, the |linkage translating operation of
the actuator into nmotion of said at | east sone of the surfaces such that,
in each of bhgurRATdh GRsusef, t he actuator, the 20 surface portions that
forma different one urfac are, al i d wth h.other and face
the touch-sensitive ﬁ‘g'h%tlt"‘gﬁB ﬂ‘nylo Poﬁléﬁoaig elaﬁtu?rﬁé?fggt?@ﬁ sensitive
menbr ane, oi:oztrifspoﬁdsrtb aalifferent pashmnirigacsf thosurfackwreiitive to thertbachesensitive The

conpr 1 ses._oBiebkaheSuctf e i BP 39063 G aclaRB o ﬁ% 3=y 20
posi ti oned yisihle tonthe asdryhradgladnrtou@awnsmmmerr@metwigbtthe la l:srfm‘ﬂng the
surf ace, eaﬁét}:%fs%ﬁﬂhéfoﬁfe? ﬂ&%hhé)&e Q?Xdu?&i ﬁoxﬁlﬂﬁé RRE wieh tHeRnpRE B part

anong the surtace, portions each he ot her surfaces, and constituting
with the sumltﬁe@qtsﬂﬂmeﬂ%ﬁoﬁmfyn@%%f surf ace

the controller (23) is responsive to each position of the actuator for
configuring the touch-sensitive membrane to define the actuators that correspond to
10 the function that corresponds to the position of the actuator and for causing the
circuitry to effect the function that corresponds to the position of the actuator.

6. The device of claim 4 or 5 wherein:
each physical display surface (201; 202; 311; 312) comprises
a plurality of surface portions (203; 204; 302; 303; 304) forming the
15 surface when aligned with each other; and .
the label display arrangément further comprises
a linkage (205; 305, 306) connecting the actuator to at least some of the
surface portions, the linkage translating operation of the actuator into motion of said
at least some of the surfaces such that, in each of the positions of the actuator, the
20 surface portions that form a different one of the surfaces are aligned with each other
and face the touch-sensitive membrane in front, relative to the touch-sensitive
membrane, of the surface portions that form the other surfaces.
7. The device of claim 4 or 5 wherein:
each physical display surface (201; 202) comprises -
25 a plurality of surface portions (203; 204) positioned substantially
adjacent each other and together forming the surface, each said surface portion
having a surface portion counterpart among the surface portions of each of the other
surfaces, and constituting with the surface portion counterparts a set of surface

[l

portions; and
30 the label display arrangement further comprises
a linkage (205) connecting the surface portions (204) of at least some of
the surfaces (202) to the actuator, the linkage translating operation of the actuator
into motion of at least some of the surface portions of each set relative to each other

[
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portions; and 30 the | abel display arrangenent fu:éé‘u roo..
~eonprises a |inkage.(205) connecting the surface portions (20 PIEAC&MEI\E?SHEET
sonme of the surfaces (202) to the actuator, the |linkage translating

operation of the actuator into notion of at |east sone of the surface R
portions of each set relative to each other 11 such that CAD Ol GRBeT
positions of the actuator, all but a different one of the s r?g%‘e ""Cv%%ons -
of each set is positioned behind, rel ?tl' ve to the touch-sen |Bét§e0n‘pr|¢mhr1996
either (a) said one surface portion of "said set or (b) a sujfac

anot her set, such that said different one surface portion of each set is
visible through 5 the touch-sensitive nmenbrane and all of the other surface
portions of each set are obscured. 8. The device of claim4 or 5 wherein

each physi cabuahi that, Byeashof aregosidibis oSthe h?tﬁ@t@ip,fdllﬂﬁﬁ ai\gifﬁéggkiﬁfﬁng tr?g gféf surface .
oL o, €30Sl o b A 57 AR S T P
conpri ses a plembaire; gither (a)caid ersl sarfaceimetion 6BRJ set ac (b)acurfacesportorfiof
different ONgnother set, such that said different one surface portion of each set is visible through
5 the touch-sensitive membrane and all of the other surface portions of each set are
obscured.
8. The device of claim 4 or 5 wherein
each physical display surface (311; 312) comprises
. aplurality of surface portions (302; 303; 304) forming the surface when
10 positioned substantially adjacent each other; and '
' the label display arrangement comprises
a plurality of rotatable members (301) each comprising a different one
of the plurality of surface portions of each one of the surfaces, and
a linkage (305, 306) connecting the rotatable members to the actuator,
15 the linkage translating operation of the actuator into rotation of the rotatable
‘members such that, in each of the positions of the actuator, each of the members
faces toward the touch-sensitive membrane the surface portion of a different one of
the surfaces and faces away from the membrane the surface portions of the other
surfaces.
20 9. The device of claim 5 wherein:
. the plurality of physical display surfaces comprise
a plurality of physical display surfaces (201, 202; 311, 312) each
bearing the labels (18) for the at least one actuator (13) for a different one of the
functions, at least some of the surfaces (202; 311, 312) being movable to display any -

[ ¥ond

25 selected one of the surfaces through the touch-sensitive membrane to the user while
others of the surfaces are obscured from the user; and
the actuator comprises _
an actuator (19) manually operable by the user, coupled to the surfaces
such that operation of the actuator translates into movement of at least some of the
30 surfaces, the actuator having a plurality of positions (240, 241; 340, 341) each
corresponding to a different one of the functions and each of the plurality of
positions also corresponding to a different positioning of the surfaces relative to the
touch-sensitive membrane such that the surface bearing the labels corresponding to a
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of the plurality of surface portions of each one-of the surfaces, and a
1inkage (305, 306) connecting the, rotdFaB#E=ﬁEﬁ5§F§=Fﬁ=Fhe actuator, 15
the linkage translating operation of t eHéh$MﬁEbHAPﬁT5”r3tatl n_of_the N
rotat abl e menbers such that, in each &theﬂﬁ&%iﬁgns of it he WWENE&HEEF
of the menbers faces toward the touch-Sensitive nenbrane
portion of a different one of the surfaces and faces awa ﬂﬁBhﬂ@ﬁ@Eﬁiﬁﬁﬁﬁﬂé_
the surface portions of the other surfqces. 20 .

claim5 wherein: the plurality of phyg?cal di splay surfa Q“@qu??!gvgmmﬁ
plurality of physical display surfaces (201, 202; 311, 31 T pearing
the labels (18) for the at |east one actuator (13) for a different one of
the functions, at |east sone of the surfaces (202; 311, 312) bei ng novabl e
to ngi spl ay &mﬁuaﬁ ispysitivned to)maplaj' ith ]!nbeﬁuo tmo.ssr thiguphghe gimehisemtﬁvesf ensihti ve
menbrane to_the of .t are o romthe
user; and t FE™R %‘xm{?sﬁ%%ﬁ aW':S‘E ﬁ%?fg? g?‘erﬂiﬁﬁgﬁ&% %Fgﬁerre by the
user, coupl evhenthet mmms fcthe peutlbn thaat:oroqspomdsno saidffundtienact uat or

transl ates into novenent of at |east some of the 30 surfaces, the actuator
having a plurality of positions (240, 241; 340, 341) each corresponding to
a different one of the functions and each of the plurality of positions

al so corresponding to a different positioning of the surfaces relative to

t he touch-sensitive nmenbrane such that the surface bearing the |abels
corresponding to a
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12 function is positioned to display its |abels to the user through the

t ouch-sensiti ve nenbrane while the | abel s borne by the other surfaces are
obscured fromthe user when the actuator is in the position that
correspopds to said function. 13 function is positioned to display its
| abel s to the user through the touch-sensitive nmenbrane while the | abels
borne by the other surfaces are obscur ed2f rom t he us
in the position that corresponds to said function. .

function is positioned to display its labels to the user through the touch-sensitive
membrane while the labels borme by the other surfaces are obscured from the user
when the actuator is in the position that corresponds to said function.
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