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(57) ABSTRACT 

A portable electronic device, for example a cellular tele 
phone or a personal digital assistant, has an internal Screen 
for the display of information, the electronic device also 
having an external Screen arranged to receive information 
from the electronic device and being capable of displaying 
this information on an electro-optic medium. There is also 
provided a cellular telephone having a visual indicator 
comprising an electro-optic medium having at least two 
different display States, the electro-optic medium being 
arranged to change its display State when a call is received 
by the telephone. 
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DISPLAYS FOR PORTABLE ELECTRONIC 
APPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority from Provisional 
Application Serial No. 60/251,443 filed Dec. 5, 2000, the 
entire disclosure of which is herein incorporated by refer 
CCC. 

BACKGROUND OF INVENTION 

0002 The present invention relates to portable electronic 
apparatus, for example, a cellular telephone or a personal 
digital assistant (PDA) having an external Screen for the 
display of information. 
0003. In another aspect, this invention relates a cellular 
telephone having a visual indicator arranged to indicate 
when a call is received. 

0004. The use of cellular telephones and other similar 
wireleSS telephones, for example direct Satellite telephones 
(for convenience all Such wireless telephones will hereinaf 
ter be referred to as “cell phones”) is expanding rapidly 
throughout the World, and an increasing proportion of Such 
phones are now equipped for wireleSS data access, either 
through the Internet or other data access Systems, including 
E-mail Systems. For example, traveling businesspeople 
require continuous access to their E-mail and often also need 
access to facsimiles and the resources available on the 
Internet or World Wide Web. 

0005. Unfortunately, because of the need for portability, 
the displays of most cell phones are inadequate for display 
ing anything more complicated than telephone numbers and 
brief textual E-mail messages. In particular, a typical cell 
phone display is wholly inadequate for displaying any 
reasonably complicated graphics, yet there are many occa 
Sions where field perSonnel urgently need access to corpo 
rate databases containing Such graphics. For example, a 
technician encountering a faucet, refrigerator or television 
Set of a type with which he is not familiar may require acceSS 
to a database describing the type. At present, Internet acceSS 
using cell phones is mainly confined to Sites with Special 
Simple designs which can be viewed on a typical cellphone 
Screen. Obviously, users would prefer the same Internet 
access which they have from their computers, and Site 
owners would prefer to avoid the expense and inconve 
nience of maintaining Separate Sites for computer and cell 
phone use, especially in View of Synchronizing Such sites. 
0006 The problems with cell phone screens can only 
become worse as so-called “third generation” (3G) cell 
phones are developed. Such third generation phones, using 
Special digital protocols, should provide data transfer at rates 
similar to those of broadband wired access, but will have no 
good way of displaying the large amounts of data they 
receive. 

0007. There is thus a clear need to equip cell phones with 
Some type of auxiliary display which is Substantially larger 
and has higher resolution than the display provided on the 
cell phone itself. One Solution is to provide an interface 
between the cell phone and a portable computer, thus 
enabling text and graphics transmitted to the cellphone to be 
displayed on the computer Screen, and Such interfaces are 
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well known in the art. However, the need for the portable 
computer greatly increases the traveling weight of the unit, 
and it may be inconvenient to connect the cell phone, the 
interface unit and the computer in the field. Furthermore, the 
liquid crystal display (LCD’s) conventionally used portable 
computers are fragile and are likely to be damaged if they 
are thrown into a bag with a technicians tools or left where 
Such tools might accidentally be dropped on them. Similar 
problems are encountered if one attempts to use an LCD 
monitor as the external display for a cell phone. Further 
more, the power requirements of personal computers or 
LCD monitors are So great that, unless a very large and 
heavy battery is used, the maximum time of operation on 
batteries of the external display will be substantially shorter 
than that of the cell phone. 
0008 Accordingly, there is a need for a cell phone to be 
equipped with an auxiliary display which is larger and has 
higher resolution than the display provided on the cellphone 
itself, but which is lighter, less complicated and less expen 
Sive than a personal computer or LCD monitor, and this 
invention Seeks to provide a Solution to this problem. 

0009 Essentially the same problems exists with PDA's, 
which have Small Screens inadequate for displaying web 
pages and other graphics, and, as more and more portable, 
hand-held electronic devices are developed, the problems of 
inadequate Screens and/or excessive power consumption 
will be exacerbated. 

0010 Another problem with cellphones is that they often 
ring at embarrassing times. Users of cell phones have 
received considerable criticism because of the distraction 
and disruption which occurs when Such phoneS ring in 
restaurants, cinemas, theaters or Similar places of entertain 
ment, public and busineSS meetings, worship Services and 
other types of meetings. Under Such circumstances, the user 
of a cell phone needs Some way to know when a call is 
received, without the inconvenience and embarrassment of 
an audible ring. In an attempt to avoid this problem, many 
cell phones are equipped with an indicator which vibrates 
when a call is received, and a Switch to enable the user to 
Select the ringing or vibrating indicator. However, Such 
Vibrating indicators give rise to other problems. They are 
usually Satisfactory when the cell phone is carried on the 
user, for example on a belt or in a pocket. However, many 
Women carry cell phones in a purse and may not notice the 
Vibrating indicator. Furthermore, is the cell phone is 
removed from the purse and placed on a table, desk or 
Similar hard Surface, the Surface may act as a Sounding 
board, and when the vibrating indicator is activated, may 
generate a noise which is at least as distracting as a ringing 
indicator. 

0011. One approach to solving this problem is to provide 
a Visual rather than audible warning of an incoming call. 
However, most conventional visual warning devices are 
ill-suited for use with cell phones. Conventional small 
incandescent bulbs, Such as are use in flash lights, may prove 
too fragile when Subjected to the handling to which cell 
phones are Subjected, and may impose current demands 
larger than those conveniently Supplied by cell phone bat 
teries. A light emitting diode could be used as a visual 
indicator, but draws power continuously, thus reducing the 
operating time of the cell phone, and is only visible over a 
limited range of orientations. Also, a light emitting diode 
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covers only a few Square millimeters, and thus may not be 
Visible when the phone is placed in certain positions relative 
to the user. 

0012. This invention seeks to provide a visual indicator 
for a cell phone which does not suffer from the aforemen 
tioned disadvantages. 

SUMMARY OF INVENTION 

0013 In one aspect, this invention provides a portable 
electronic device having an internal Screen for the display of 
information, the electronic device also having an external 
Screen arranged to receive information from the electronic 
device and being capable of displaying this information on 
an electro-optic medium. This invention is especially, 
though not exclusively, intended for use with cell phones 
and PDA's. This device of the invention may hereinafter be 
called an “external Screen device'. 

0.014. In another aspect, this invention provides a cellular 
telephone having a visual indicator comprising an electro 
optic medium having at least two different display States, the 
electro-optic medium being arranged to change its display 
state when a call is received by the telephone. This cell 
phone may hereinafter be called a “visual indicator cell 
phone”. 
0.015 Finally, this invention provides an external display 
for use with a portable electronic device having a data output 
port, the external display comprising data transmission 
means for transmitting data from the portable electronic 
device to the external display, the data transmission means 
having at least one connector arranged to engage the data 
output port of the portable electronic device, the external 
display further comprising an electro-optic medium 
arranged to display data received by the external display via 
the data transmission means. 

BRIEF DESCRIPTION OF DRAWINGS 

0016 FIG. 1 of the accompanying drawings is a sche 
matic front elevation of an external Screen device of the 
invention with its external Screen in its extended position; 
0017 FIG. 2 is a front elevation similar to that of FIG. 
1 but showing the external Screen in its retracted position; 
0.018 FIG. 3 is a schematic end elevation of a second 
external Screen device of the invention with its external 
Screen in its retracted position; 
0.019 FIG. 4 is a schematic front elevation of a visual 
indicator cell phone of the invention; 
0020 FIG. 5 is a three-quarter view, from behind and to 
one side of, the visual indicator cellphone shown in FIG. 4; 
and 

0021 FIG. 6 shows an external display of the invention 
in use with a cell phone. 
0022. The accompanying drawings are not strictly to 
Scale, emphasis instead generally being placed upon illus 
trating the principles of the invention. 

DETAILED DESCRIPTION 

0023. As already mentioned, in a first aspect this inven 
tion provides a portable electronic device, Such a cellphone 
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or PDA, having an internal screen for the display of infor 
mation, the electronic device also having an external Screen 
arranged to receive information from the electronic device 
and being capable of displaying this information on an 
electro-optic medium. 
0024. The external screen should be portable, and will 
typically be from about 2 to about 14 inches (51 to 355 
mm.), measured diagonally and preferably from about 4 to 
about 10 inches (101 to 254 mm.) so measured. The external 
screen is desirably less than about one half inch (13 mm.) in 
thickness and preferably less than about one quarter inch (6 
mm.). The external Screen should generally weigh less than 
about one pound (454g.) and desirably less than about 6 
ounces (170 g.). 
0025 To be a useful improvement over conventional 
internal cell phone displays, the external Screen should have 
a larger number of pixels than the internal Screen in at least 
one, and preferably both, dimensions. However, this is not 
absolutely essential; for example, a color external Screen 
could be used for Internet access to Supplement a mono 
chrome internal Screen to ease comprehension of material, 
Such as electrical wiring diagrams, in which color is essen 
tial for full understanding. The external Screen will typically 
have a resolution of at least 64x120 pixels and desirably 
half-VGA (320x240) or full-VGA (640x480) resolution or 
better. 

0026. As discussed in the various patents and applica 
tions mentioned below, electro-optic materials can be 
formed into flexible displays, and the resultant ability to 
form flexible external Screens is an important advantage of 
the present invention. Using a flexible external Screen has 
the important advantage that the external Screen can be 
movable between a retracted position, in which less than the 
full display area of the external Screen is displayed, and an 
extended position, in which Substantially the full display 
area of the external Screen is displayed, the external Screen 
extending a greater distance from the housing of the device 
in its extended position than in its retracted position. Such a 
retractable external Screen renders the Screen less likely to 
be damaged when the cell phone is not in use, and also 
makes the Stored cell phone leSS bulky to carry. 
0027. In one form of such a device, in its retracted 
position a major portion, and preferably Substantially all, of 
the external Screen may lie within the housing. For example, 
the external display could have the form of a scroll which 
could would around a rotatable member, the Scroll lying flat 
against the Side of the cell phone, or within the housing of 
the cell phone, when retracted, but extensible to form a flat 
external Screen. Alternatively, the retracted external Screen 
could have a folded (for example, concertina form) or 
Serpentine configuration (the latter may be preferred because 
it is easier to form electrical conductors which are flexible 
enough to withstand bending of the Screen into a Serpentine 
configuration than it is to form conductors which will 
withstand sharp folds) So that it folds tightly against the side 
of the cell phone when not in use, but can be extended to 
form a flat Screen. 

0028. In either case, the cell phone is desirably provided 
with one or more Support members arranged to Support the 
external Screen in its extended position. Conveniently, the 
Support member or members are themselves retractable, 
being movable between an extended position, in which they 
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are arranged to Support the external Screen in its extended 
position, and a retracted position, in which they lie closer to 
the housing of the cellphone than in their extended position. 
For example, the support members could fold out from the 
housing when the external display is in use. Such retractable 
Support members have the advantages of being leSS Suscep 
tible to damage while the cell phone is not in use, and also 
reduce the bulk of the phone when not in use. 
0029. The external screen may draw power solely from a 
battery located within the cell phone, eliminating the need 
for a separate battery, although the external Screen could of 
course have its own battery if desired. Desirably, the electro 
optic medium used in the external Screen should draw power 
primarily during image update So that the Screen is primarily 
drawing no power even while the user is reading. In this 
connection, the bistable nature of Some electro-optic display 
media, as discussed in detail below, greatly reduces the 
power requirements of the external display. The external 
Screen typically will contain row and column drivers and in 
Some cases a separate controller. 
0030 The external screen may be used purely for output 
(data display), but it could be provided with a least one 
manually-operable data input means, for example a touch 
Screen or one or more push buttons. Alternatively or in 
addition, the data input means could comprise a pointing 
device, for example a Small trackball. One preferred external 
Screen device variant of the invention uses a simple 
Sequence of four to eight buttons along one side of the 
external Screen in a manner Similar to that commonly used 
for automated teller machine (ATM’s) displays, personal 
digital assistants (PDAs), or handheld computers, thus 
permitting a useful degree of interactivity. A jog dial or a 
mouse may be used to Select options or Scroll between 
pages. However the external Screen device need not have 
any buttons, relying on the cell phone inputs for Selection 
and control. 

0.031 AS already indicated, the electro-optic medium 
used in the present external Screen device is desirably 
bistable, So that it only draws power as the Screen is being 
redrawn. (The terms “bistable” and “bistability” are used 
herein in their conventional meaning in the art to refer to 
displays comprising display elements having first and Sec 
ond display States differing in at least one optical property, 
and Such that after any given element has been driven, by 
means of an addressing pulse of finite duration, to assume 
either its first or Second display State, after the addressing 
pulse has terminated, that State will persist without power for 
at least Several times, for example at least four times, the 
minimum duration of the addressing pulse required to 
change the State of the display element. Some electro-optic 
media are capable of gray Scale and are Stable not only in 
their extreme black and white states but also in their inter 
mediate gray States. Thus, this type of display is properly 
called “multi-stable” rather than bistable, although the latter 
term may be used for convenience herein.) The electro-optic 
medium is also desirably reflective rather than transmissive, 
Since this eliminates the need for a backlight, and thus the 
power drain associated with Such a backlight. 

0.032 To achieve legibility in typical office lighting con 
ditions, the reflective display should have a reflectivity of at 
least one-third the brightness of white paper and a contrast 
ratio of at least 6 to 1, Similar to newspapers, but ideally 10 
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to 1 or better. Ideally the display should be such that it can 
be used as a Source for typical copier machines, So that a 
mobile worker could access a document, copy it from the 
external display using a Standard copier, and thereby obtain 
printouts with good resolution and readability. 

0033. The external screen device of the invention may 
function as both a cell phone and a PDA. Many PDA’s are 
today being provided with cell phone capability. However, 
an external Screen device of the present invention permits 
PDA functions to be added to a cellphone, and web software 
used to permit the user to access PDA functions Such as 
address book and calendar over a network. Thus, the cell 
phone and external display together make a cheap, thin 
mobile client that can nevertheless benefit from intense 
computations or large-scale database access back on the 
Server end. 

0034. The external display screen may be attached to the 
cell phone by any Suitable physical means and using any 
Suitable protocol. For example, the cell phone may serve as 
a universal serial bus (USB) master and the display device 
as a USB slave. This permits the device to access both data 
and adequate power in a well-defined and croSS-device 
Standardized way at a low incremental hardware cost. Fur 
thermore cell phones with USB masters could drive data to 
many other peripherals including large electronic ink signs 
and many multimedia devices. In addition, USB or similar 
Standards permit a large number of devices to be daisy 
chained or networked to a single cell phone in an easy 
manner So that all the devices can Share one external 
network access point. 

0035 While USB is a more elegant solution, serial lines, 
IIC, and 8-bit parallel are the current Standard communica 
tion methods for cell phones, and these may also be imple 
mented in the present invention. 
0036 Providing an external screen with a common reso 
lution Such as VGA would enable many wireleSS application 
providers to all write to a common Standard. Support for a 
common markup language such as HTML or XML would 
enable many types of external portable Screens to exist and 
to benefit from the same wireleSS applications, Spawning a 
new class of cell phone peripherals. 

0037. In the external screen device of the present inven 
tion, the external Screen may be detachable from the cell 
phone, and/or may be Supplied as an after-market accessory 
which can be temporarily or permanently attached to a cell 
phone. Desirably, the external Screen is provided with a 
mechanism which provides universal attachment of a Small 
("pocket sized”) external Screen to the side of a cell phone 
So as to facilitate Single handed use of the System. For 
example, a plastic Slide track piece with an adhesive back 
may be sold with the screen. The slide track is attached to the 
side of the cell phone when the user wishes to add the 
external Screen functionality. The track can be made low 
profile So that it does not materially impact the form factor 
of the original cellphone. The edge of the external Screen (or 
part of the top half of the edge) may be designed So it can 
be easily Slid, Secured, and removed from the track. 
0038 Also a cable for the external screen can be spooled 
within the footprint of the unit so as to preserve portability 
and avoid mishandling during transport. The advantages of 
this approach are: 1) universality, 2) simplicity, 3) low cost, 
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4) no additional loose parts/cradles, 5) no significant volume 
added to the phone when the external display is not in use, 
6) people can use the product in either of two configurations. 
0.039 Since the external screen will typically be bistable, 
the cell phone need not buffer data for a complete Screen. 
Instead the cell phone may write out all or a portion of the 
Screen information in a manner Similar to outputting to a 
printer rather than operating a traditional display. Thus, a 
large image may be created by refreshing discrete portions 
of the display Sequentially. Reducing the buffer memory 
needs of the cell phone in this manner greatly reduces its 
cost. The device would not need RAM, a microprocessor, 
flash memory, or a battery, although it would typically still 
need a microcontroller. Because the electronic ink external 
display can update in parts, it can also employ peripheral 
communications Standards like USB rather than high-speed 
clocked data lines, Such as are used by most LCD displayS. 
0040. The typical energy draw for portable cell phone 
Screens is based on sizes ranging from 1-4 inch (25 to 101 
mm.) diagonals, and consists of 44 J power draw (25 J for 
the display and 19 J for the backlight) assuming a typical 
usage model (8 hour day, 5% transmit, 5% receive, 90% 
Standby, backlight times out 10 Seconds after last key press, 
total use 60 minutes/day for 6 calls of 10 minutes each; 
shows only time, date and Signal strength in Standby). Since 
the total energy budget for the cell phone is 26855 J, this is 
a tiny fraction of the energy budget. The display may draw 
1.2 mW/0.9 mW during talk/standby, but while the buttons 
are being pressed the backlight is on and draws 108 mW. 
(Source: R. Akins “Displays for Hand-held Portable Elec 
tronic Products”, SID (Society for Information Display) 
Invited Paper, SID Digest, May 2000). 
0041 An external Screen using an electronic ink display 
medium need draw very little power. It is estimated that a 
USB external cell phone display would use about 20 mA 
during an update (most of which goes to powering the 
microcontroller), which might last 1 second. If an update 
took place once every 10 Seconds this would be a steady 
state power draw of 20 mA*5V (USB power)* 1 sec/10 
sec=10 mW. Over one hour, this would use 36 J, an almost 
negligible amount of power. Thus, while there could be 
batteries in the display, preferably the external display is 
powered by the phone, thus reducing the cost of the external 
display and maximizing its portability. 

0042. The visual indicator cell phone of the present 
invention will now be discussed in detail. AS already men 
tioned, this cell phone uses a visual indicator comprising an 
electro-optic medium of variable optical appearance to pro 
vide a Visual indication when a call is received by the phone. 
Although the Visual indicator could simply change from one 
State to another (say from black to white) when a call is 
received, the human eye is far more Sensitive to changes in 
optical appearance than to optical appearance itself. Accord 
ingly, it is desirable that the Visual indicator be arranged to 
“flash” (i.e., to change repeatedly between its two display 
States) when a call is received by the phone. 
0.043 Electro-optic visual displays are well suited to act 
as a visual indicator for a cell phone. To enable the cell 
phone to be used with services such as caller ID and call 
waiting, desirably the electro-optic medium has at least two 
modes of changing repeatedly between it two or more 
display States. Different colors, frequencies, intensities or 
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other visual cues may be used in combination with caller ID 
or call waiting to indicate information about the call. Other 
Visual States Such as Voice mail or E-mail waiting may also 
be visually indicated. 

0044) The electronic ink visual indicator may be attached 
to the Surface of the cell phone or be present in an external 
cellphone case or other peripheral attachment. (In Saying 
that the Visual indicator is present on an external Surface of 
the cell phone or other object, we do not exclude the 
possibility that the visual indicator may be overlain by one 
or more Substantial transparent layers, provided only that the 
visual indicator is readily visible to a user of the cell phone 
or other object. Most electro-optic media require electrodes 
on both sides of the medium, so the visual indicator will 
usually have a Substantially transparent electrode overlying 
the electro-optic medium itself. In addition it may be desir 
able to cover the electro-optic medium with one or more 
protective layers to protect the medium itself against any 
combination of moisture, ultra-violet radiation, and the 
Sweat or skin oils of a user holding the cell phone.) The 
Visual indicator may be curved, flexed or conformed to the 
Surface. In order that it may be conspicuous, the Visual 
indicator desirably covers a large portion of the Surface on 
which it is provided. Typically, the visual indicator should 
cover an area of at least about 1 cm; when provided on the 
external Surface of the cellphone, it desirably covers at least 
about 5 percent of the external Surface of the cell phone. 

004.5 The thin, flexible nature of certain electro-optic 
media allows them to cover a Surface in an ergonomic, 
lightweight way while Still achieving a large display area, 
which is a critical requirement for a visual indicator. The 
Visual indicator may be wrapped around multiple sides of 
the cell phone, So that it is visible regardless of the orien 
tation of the phone. Typically, the external Surface of a cell 
phone will comprise at least three separate Surfaces, and the 
Visual indicator Should be present on at least two of these 
Surfaces. Many cell phones have a Substantially cuboidal 
form with a front Surface bearing a keypad, an opposed rear 
Surface, and at least two Side opposed Surfaces and two 
opposed end Surfaces extending between the front and rear 
Surfaces, and in Such phones it is desirable that the Visual 
indicator be present on the rear Surface and an opposed pair 
of the Side and rear Surfaces, So that when the cell phone is 
placed face down on a Surface, the visual indicator will be 
visible from almost any direction. 
0046. In certain special situations, for example cell 
phones intended for noisy industrial environments, the 
Visual indicator may be the only ring indicator present on the 
cell phone. However, most users will prefer a choice 
between audible and visual “ringing” and thus desirable the 
cell phone comprises an audible indicator means for indi 
cating when a call is received by the phone, and Selector 
means whereby a user may Select operation of either the 
Visual indicator means or the audible indicator means when 
a call is received. 

0047 As already indicated, the low power requirement of 
many electro-optic media permits the Visual indicator to 
function with minimal battery drain. The bistability of Such 
media allows persistent “flags”, Such as E-mail or Voice mail 
flags, to remain visible without drawing power. The light 
weight of an electro-optic visual indicator achieves its 
functionality with minimal reduction of portability. 
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0.048. In both the external screen device and visual indi 
cator cell phone of the present invention, a variety of 
electro-optic media may be used. The electro-optic medium 
could, for example, be of the rotating bichromal object type 
as described, for example, in U.S. Pat. Nos. 5,803,783; 
5,777,782 and 5760,761. The electro-optic medium could 
also be an electrochromic medium, a preferred electrochro 
mic medium being a nanochromic film comprising an elec 
trode formed at least in part from a Semi-conducting metal 
oxide and a plurality of dye molecules capable of reversible 
color change attached to the electrode. Nanochromic films of 
this type are described, for example, in International Appli 
cations Publication Nos. WO 98/35267 and WO 01/27690; 
the entire contents of these two applications are herein 
incorporated by reference. 
0049. However, the presently preferred type of electro 
optic medium is an electrophoretic medium, preferably an 
encapsulated electrophoretic medium. Electrophoretic dis 
plays have been the Subject of intense research and devel 
opment for a number of years. Such displayS can have 
attributes of good brightness and contrast, wide viewing 
angles, State bistability, and low power consumption when 
compared with liquid crystal displayS. Numerous patents 
and applications assigned to or in the names of the Massa 
chusetts Institute of Technology and E Ink Corporation have 
recently been published describing encapsulated electro 
phoretic media. Such encapsulated media comprise numer 
ous Small capsules, each of which itself comprises an 
internal phase containing electrophoretically-mobile par 
ticles Suspended in a liquid Suspension medium, and a 
capsule wall Surrounding the internal phase. Typically, the 
capsules are themselves held within a polymeric binder to 
form a coherent layer positioned between two electrodes. 
Encapsulated media of this type are described, for example, 
in U.S. Pat. Nos. 5,930,026; 5,961,804; 6,017,584; 6,067, 
185; 6,118,426; 6,120,588; 6,120,839; 6,124.851; 6,130, 
773; 6,130,774; 6,172,798; 6,177,921; 6,232,950; 6,241, 
921; 6,249,271; 6,252,564; 6,262,706; 6,262,833; 6,300, 
932; 6,312,304; and 6,323,989, and in International 
Applications Publication Nos. WO 97/04398; WO 
98/03896; WO 98/19208; WO 98/41898; WO 98/41899; 
WO 99/10769; WO 99/10768; WO 99/10767; WO 
99/53373; WO 99/56171; WO 99/59101; WO 99/47970; 
WO 00/03349, WO 00/03291; WO 99/67678; WO 
00/05704; WO 99/53371; WO 00/20921; WO 00/20922; 
WO 00/20923; WO 00/26761; WO 00/36465; WO 
00/38000; WO 00/38001; WO 00/36560; WO 00/20922; 
WO 00/36666; WO 00/59625; WO 00/60410; WO 
00/67110; WO 00/67327 WO 01/02899, WO 01/07691; WO 
01/08242; WO 01/17029; WO 01/17040; and WO 01/80287. 
The entire disclosures of all these patents and published 
applications are herein incorporated by reference. 
0050. An encapsulated, electrophoretic medium typically 
does not Suffer from the clustering and Settling failure mode 
of traditional electrophoretic media and provides further 
advantages, Such as the ability to print or coat the display on 
a wide variety of flexible and rigid substrates. (Use of the 
word “printing is intended to include all forms of printing 
and coating, including, but without limitation: pre-metered 
coatings Such as patch die coating, slot or extrusion coating, 
Slide or cascade coating, curtain coating, roll coating Such as 
knife over roll coating, forward and reverse roll coating, 
gravure coating, dip coating; Spray coating; meniscus coat 
ing, Spin coating, brush coating, air knife coating; Silk 
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Screen printing processes; electrostatic printing processes; 
thermal printing processes, inkjet printing processes; and 
other similar techniques.) Thus, the resulting display can be 
flexible. Further, because the display medium can be printed 
(using a variety of methods), the display itself can be made 
inexpensively. 

0051 Since the preferred types of encapsulated electro 
phoretic media for use in the present invention are identical 
to those described in the aforementioned patents and appli 
cations, they will not be described in detail herein, the reader 
being referred to these patents and applications for full 
details. 

0.052 Preferred embodiments of the invention will now 
be described, though by way of illustration only, with 
reference to the accompanying drawings. 

0053. The external screen device of the present invention 
shown in FIG. 1 is a cell phone (generally designated 10) 
having a Substantially cuboidal housing to one side of which 
is attached an antenna 12. The front Surface 14 of the 
housing carries an earpiece 16, a Small internal Screen 17 for 
the display of data, a main key pad 18 comprising ten keys 
numbered 1-9 and 0 in the conventional key pad layout (the 
markings on these and other keys described below are 
omitted from the drawings to avoid unnecessary clutter), and 
an auxiliary key pad 20, which contains six keys used for 
Special functions needed in a cell phone, Such as "power', 
“send” etc. Finally, the front Surface 14 carries a microphone 
22. All the components of the cellphone 10 So far described 
are conventional and hence will not be further described 
herein. 

0054 However, in addition, the cellphone 10 is provided 
with a flexible external Screen 24, which is movable between 
an extended position, shown in FIG. 1, in which the screen 
is held substantially flat so that the full display area of the 
Screen is visible to a user, and a retracted position, shown in 
FIG. 2, in which the screen 24 is “folded” in a serpentine 
configuration against the housing of the cell phone. The 
Screen 24 comprises an encapsulated electrophoretic 
medium (“an electronic ink”) on which data from the cell 
phone can be displayed. 

0055. The screen 24 is provided, along its edge remote 
from the housing, with an end member 26, which is formed 
of a rigid plastic material and which bears four push buttons 
28 and a miniature trackball 30, when the trackball 30 is in 
use, the lower two (in FIG. 1) of the push buttons 28 are 
employed as the buttons needed for the trackball 30 to be 
used in the conventional manner. 

0056. The cell phone 10 further comprises a top support 
member 32, a bottom Support member 34 and an end Support 
member 36, which together form a frame Surrounding the 
screen 24 and the end member 26. (Those skilled in 
mechanical engineering will appreciate that Some interlock 
ing mechanism is needed to enable to Support members 32, 
34 and 36 to be stable in the positions shown in FIG. 1 but 
still able to move to the positions shown in FIG. 2, as 
described below. However, Since Such interlocking mecha 
nism can be of any conventional type, it will not be 
described in detail herein.) The end member 26 extends 
slightly beyond the Side edges (the top and bottom edges as 
illustrated in FIG. 1) of the screen 24 and the projecting end 
portions of the end member 26 are received into recesses 38 
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provided in the top and bottom support members 32 and 34, 
these recesses Serving to hold the end member 26 in position 
and thus holding the screen 24 substantially flat in the 
optimum configuration for viewing. 

0057. As illustrated in FIG. 2, when the screen 24 is not 
needed for displaying data (for example during voice calls), 
it can be retracted to the retracted position shown in this 
Figure. The end member 26 is removed from the recesses 38 
and inserted into recesses 40 in the top and bottom Support 
members 32 and 34, these recesses 40 lying close to the 
phone housing. The screen 24 is held between the end 
member 26 and the housing as a Series of Serpentine folds, 
if, as is typically the case, the Screen 24 includes a plastic 
Substrate, this Substrate may be given a “set to facilitate the 
Screen 24 adopting the correct Serpentine configuration. The 
end support member 36 is temporarily detached from the top 
and bottom support members 32 and 34, moved to a position 
adjacent the end member 26 and again attached to the 
support members 32 and 34. Each of the Support members 
32 and 34 is, as shown in FIG. 2, in two sections connected 
hinged adjacent the recesses 40, and the Outer Sections, 
designated 32A and 34A, of the Support members 32 and 34 
respectively are folded at right angles to the adjacent Sec 
tions so that they lie parallel to the length of the end member 
26 and immediately “outside” (to the right in FIG. 2) the end 
support member 36. It will be seen that retracting the screen 
24 in this manner greatly reduces the bulk of the cell phone 
10 when the screen 24 is not required. 
0.058 FIG.3 shows an end elevation of a second external 
Screen cell phone (generally designated 50) of the present 
invention which resembles that shown in FIGS. 1 and 2 but 
which has a different arrangement for Storing the retracted 
external Screen 24', the end elevation being taken in a 
direction corresponding to looking upwardly from the lower 
end of FIG. 2, the external screen 24' being shown in its 
retracted position. The cell phone 50 has a housing 52, and 
the external screen is provided with an end member 28 and 
top, bottom and end Support members, all of which are 
essentially identical to those shown in FIG. 2. (The portion 
of the bottom Support member adjacent the housing 52 is 
omitted from FIG. 3 to show details of the retracted Screen 
24'.) However, instead of being stored in a folded serpentine 
configuration as shown in FIG. 2, the screen 24' is stored in 
a scroll-like fashion. To this end, a spindle 54 is rotatably 
mounted on the top and bottom Support members adjacent 
the housing 52. AS the Screen 24' is retracted, it is wound 
around the spindle 54, the portion of the screen 24 wound 
in a helical configuration around the Spindle being denoted 
24" in FIG.3. Although not shown in FIG.3, the spindle 54 
is provided with biasing means in the form of helical Springs 
(other types of biasing means may of course be Substituted) 
which bias the spindle 54 to rotate clockwise in FIG. 3, so 
that once the Screen 24' is released from recesses corre 
sponding to the recesses 38 shown in FIGS. 1 and 2, the 
screen 24' will automatically wind around the spindle 54 
under the bias provided by the biasing means. 
0059) The visual indicator cell phone (generally desig 
nated 70) shown in FIGS. 4 and 5 is similar to that shown 
in FIG. 1 except it lacks both the internal screen 17 and the 
external Screen, although either or both of these Screens 
could be provided if desired. As best seen in FIG. 5, the 
housing 52 of cell phone 70 is essentially cuboidal, having 
a front Surface 14, an opposed rear Surface, and opposed 
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pairs of end Surfaces and Side Surfaces extending between 
the front and rear Surfaces. AS indicated by the shading in 
FIGS. 4 and 5, the cell phone 70 is provided with a visual 
indicator 72 which covers a Small area at the upper end (in 
FIG. 4) of the front surface 14, the whole of the adjacent end 
face and large portions of the rear and both Side Surfaces 
(only one side surface is visible in FIG. 5, but a correspond 
ing portion of the other Side Surface is also covered by the 
visual indicator 72). The visual indicator 72 is arranged to 
flash black and white when a call is received. The cell phone 
70 is also provided with a conventional audible ring indi 
cator, and a toggle button 74 (FIG. 4) is provided adjacent 
the microphone 22 to enable the user to toggle between the 
audible and Visual indicators. 

0060 FIG. 6 illustrates an external display (generally 
designated 90) of the present invention in use with a cell 
phone essentially identical to that shown in FIGS. 1 and 2. 
The external display comprises a housing 92, having essen 
tially the form of a flat cuboid, and an electro-optic Screen 
94 located within the housing 92. The housing 92 is provided 
adjacent one edge with buttons 28 and a trackball 30 similar 
to the corresponding device shown in FIGS. 1 and 2. 
However, the external display is not mounted upon the cell 
phone but is detachably connected thereto by means of a 
flexible cable 96, this cable being plugged by means of a 
connector 98 into a data output socket (not shown) provided 
on the cell phone. The cable 96 enables data to be trans 
mitted from the cell phone to the external display, and may 
also provide for data transmission in the opposed direction, 
So that, for example, data input by means of the buttons 28 
or trackball 30 may be conveyed to the cellphone. Many cell 
phones are already equipped with Serial ports to enable them 
to be used with external modems, and these Serial ports may 
be employed as the data output Socket for communication 
with the external Screen. 

0061 From the foregoing description, it will be seen that 
the external Screen display of the present invention greatly 
reduces the problems associated with displaying data on 
portable, hand-held electronic devices. It will also been Seen 
that the Visual indicator cell phone of the present invention 
solves most of the problems associated with the use of 
audible ring indicators on cell phones. 
0062) While the invention has been particularly shown 
and described with reference to specific preferred embodi 
ments, it should be understood by those skilled in the art that 
various changes in form and detail may be made without 
departing from the Spirit and Scope of the invention. For 
example, although the external display shown in FIG. 6 is 
illustrated with only a series of buttons and a trackball, it will 
readily be apparent that Such an external display could 
incorporate a keyboard, thus greatly facilitating the use of 
the attached cell phone for Sending E-mail. Accordingly, the 
whole of the foregoing description should be construed in an 
illustrative and not in a limitative Sense, the invention being 
defined Solely by the appended claims. 

1. A portable electronic device having an internal Screen 
for the display of information, the electronic device also 
having an external Screen arranged to receive information 
from the electronic device and being capable of displaying 
Said information on an electro-optic medium: 

2. A portable electronic device according to claim 1 
comprising a cellular telephone. 
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3. A portable electronic device according to claim 1 
comprising a personal digital assistant. 

4. A portable electronic device according to claim 1 
wherein the external Screen has a larger number of pixels 
than the internal Screen in at least one dimension. 

5. A portable electronic device according to claim 4 
wherein the external Screen has a larger number of pixels 
than the internal Screen in both dimensions. 

6. A portable electronic device according to claim 1 
wherein the external Screen has a resolution of at least 320 
by 240. 

7. A portable electronic device according to claim 6 
wherein the external Screen has a resolution of at least 640 
by 480. 

8. A portable electronic device according to claim 1 
wherein the external Screen is from about 2 to about 14 
inches in size, measured diagonally. 

9. A portable electronic device according to claim 8 
wherein the external Screen is from about 4 to about 10 
inches in size, measured diagonally. 

10. A portable electronic device according to claim 1 
wherein the external Screen has a thickness not greater than 
about one half inch. 

11. A portable electronic device according to claim 10 
wherein the external Screen has a thickness not greater than 
about one quarter inch. 

12. A portable electronic device according to claim 1 
wherein the external Screen has a weight not greater than 
about 6 ounces. 

13. A portable electronic device according to claim 1 
wherein the external screen is flexible. 

14. A portable electronic device according to claim 1 
having a housing and wherein the external Screen is movable 
between a retracted position, in which less than the full 
display area of the external Screen is displayed, and an 
extended position, in which Substantially the full display 
area of the external Screen is displayed, the external Screen 
extending a greater distance from the housing in its extended 
position than in its retracted position. 

15. A portable electronic device according to claim 14 
wherein, in its retracted position, a major portion of the 
external Screen lies within the housing. 

16. A portable electronic device according to claim 14 
wherein, in its retracted position, the external Screen has the 
form of a scroll wound around a rotatable member. 

17. A portable electronic device according to claim 14 
wherein, in its retracted position, the external Screen has a 
folded or Serpentine configuration. 

18. A portable electronic device according to claim 14 
further comprising at least one Support member arranged to 
Support the external Screen in its extended position. 

19. A portable electronic device according to claim 18 
wherein the at least one Support member is movable between 
an extended position, in which it is arranged to Support the 
external Screen in its extended position, and a retracted 
position in which it lies closer to the housing than in its 
extended position. 

20. A portable electronic device according to claim 1 
wherein the external Screen is arranged to draw power from 
a battery located within the portable electronic device. 

21. A portable electronic device according to claim 1 
wherein the external Screen is provided with at least one 
manually-operable data input means. 
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22. A portable electronic device according to claim 21 
wherein the data input means comprises at least one push 
button. 

23. A portable electronic device according to claim 21 
wherein the data input means comprises a pointing device. 

24. A portable electronic device according to claim 1 
wherein the portable electronic device is arranged to act as 
a universal Serial bus master and the external Screen as a 
universal Serial bus slave. 

25. A portable electronic device according to claim 1 
which functions as both a cellular telephone and a portable 
digital assistant. 

26. A portable electronic device according to claim 1 
wherein the external screen is detachable from the portable 
electronic device. 

27. A portable electronic device according to claim 1 
wherein the electro-optic medium comprises an electro 
phoretic medium. 

28. A portable electronic device according to claim 27 
wherein the electrophoretic medium is an encapsulated 
electrophoretic medium. 

29. A portable electronic device according to claim 1 
wherein the electro-optic medium comprises a rotating 
bichromal member medium. 

30. A portable electronic device according to claim 1 
wherein the electro-optic medium comprises an electrochro 
mic medium. 

31. A portable electronic device according to claim 1 
wherein the electrochromic medium is a nanochromic film 
comprising an electrode formed at least in part from a 
Semi-conducting metal oxide and a plurality of dye mol 
ecules capable of reversible color change attached to the 
electrode. 

32. A cellular telephone having a visual indicator com 
prising an electro-optic medium having at least two different 
display States, the electro-optic medium being arranged to 
change its display State when a call is received by the 
telephone. 

33. A cellular telephone according to claim 32 wherein the 
electro-optic medium is arranged to change repeatedly 
between Said at least two different display States when a call 
is received by the telephone. 

34. A cellular telephone according to claim 33 wherein the 
electro-optic medium has at least two modes of changing 
repeatedly between Said at least two different display States 
when a call is received by the telephone. 

35. A cellular telephone according to claim 32 wherein the 
visual indicator covers an area of at least about 1 cm. 

36. A cellular telephone according to claim 32 wherein the 
Visual indicator is provided on the external Surface of the 
cellular telephone. 

37. A cellular telephone according to claim 36 wherein the 
Visual indicator covers at least about 5 percent of the 
external Surface of the cellular telephone. 

38. A cellular telephone according to claim 36 wherein the 
external Surface of the cellular telephone comprises at least 
three separate Surfaces and the Visual indicator is present on 
at least two of Said Separate Surfaces. 

39. A cellular telephone according to claim 38 having a 
Substantially cuboidal form with a front Surface bearing a 
key pad, an opposed rear Surface, and at least two Side 
opposed Surfaces and two opposed end Surfaces extending 
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between the front and rear Surfaces, and wherein the Visual 
indicator is present on the rear Surface and an opposed pair 
of the Side and rear Surfaces. 

40. A cellular telephone according to claim 32 wherein the 
Visual indicator is provided on an external case or other 
peripheral attachment of the cellular telephone. 

41. A cellular telephone according to claim 32 further 
comprising an audible indicator means for indicating when 
a call is received by the telephone, and Selector means 
whereby a user may select operation of either the Visual 
indicator means or the audible indicator means when a call 
is received by the telephone. 

42. A cellular telephone according to claim 32 wherein the 
electro-optic medium comprises an electrophoretic medium. 

43. A cellular telephone according to claim 42 wherein the 
electrophoretic medium is an encapsulated electrophoretic 
medium. 

44. A cellular telephone according to claim 32 wherein the 
electro-optic medium comprises a rotating bichromal mem 
ber medium. 

45. A cellular telephone according to claim 32 wherein the 
electro-optic medium comprises an electrochromic medium. 

46. A cellular telephone according to claim 45 wherein the 
electrochromic medium is a nanochromic film comprising 
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an electrode formed at least in part from a Semi-conducting 
metal oxide and a plurality of dye molecules capable of 
reversible color change attached to the electrode. 

47. An external display for use with a portable electronic 
device having a data output port, the external display com 
prising data transmission means for transmitting data from 
the portable electronic device to the external display, the 
data transmission means having at least one connector 
arranged to engage the data output port of the portable 
electronic device, the external display further comprising an 
electro-optic medium arranged to display data received by 
the external display via the data transmission means. 

48. An external display according to claim 47 wherein the 
data transmission means comprises a flexible cable. 

49. An external display according to claim 47 provided 
with at least one manually-operable data input means. 

50. An external display according to claim 49 wherein the 
data input means comprises at least one push button. 

51. An external display according to claim 49 wherein the 
data input means comprises a pointing device. 


