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[57] ABSTRACT

An organic clectroluminescent material is sealed within the
outer housing of a portable radio telephone along with the
control grids to cause the material to luminesce in a pixilated
pattern. The pixels are controlled to both create a decorative
design on the housing of the telephone and to generate a user
input-output region and a display region. A touch screen may
be included within the user input-output region.
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1
COMMUNICATION MODULE HAVING
SELECTIVELY PROGRAMMABLE
EXTERIOR SURFACE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is related to U.S. application Ser. No.
08/747,846 filed Nov. 13, 1996 in the name of Kubes et al.
and ctitled “Elcctroluminescent Backlit Devices” and U.S.
Pat. No. 5,877,695, filed on even date herewith in the name
of Kubes and entitled “Visual Alarm [or a Communication
Module”, both of which are hereby incorporated by refer-
ence herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to communication devices,
such as mobile telephones, pagers and personal digital
assistance (PDAs), and more particularly, to an exterior
surface for such devices which incorporate organic elec-
troluminescent materials.

2. Description of the Related Art

In modem modular digital communication devices, such
as, mobile telephones, pagers and PDAs, the external
appearance and aesthetic design aspects of such devices are
becoming increasingly important both from the standpoint
of consumer marketing appeal as well as from the user
interface point of view. Such devices are now manufactured
with various bright colored plastic housings and arc oftcn
decorated with designs such as [owers o increase their
appeal to consumers. Certain designs of cellular telephones,
for example, also offer customization features such as flip
covers over the display and keypad arecas which come in
assorted colors as well as with artistic designs on the outer
surface. In addition, various models of modular communi-
cation devices may incorporate different sizes and/or color
combinations of keypads and have various sizes of display
areas, lypically liquid crystal displays (LLCDs), depending
upon the number of parameters needed to be displayed and
the type of use for which the device is intended.

Mobile telephones have also included numerous different
types of user inputs. For example, keypads may include
traditional push switches or rectangular spring biased
molded plastic kcys, cach with or without backlighting.

The popularity of each of these techniques for decorating
the exterior of a communication device comes and goes with
the decorative trends of the moment. Keypad and other uscr
interface designs are generally fixed when a device such as
a mobile telephone is manufactured and substantial expense
is required in order to change the design. Moreover, with
current approaches to mobile phone user interfaces and
aesthetic decoration, there is very little opportunity for a user
to customize the external appearance of the phone from time
to time after it has been purchased and put into use.

Thus, a need exists for a design by which the appearance
of a communication device such as a mobile telephone, can
be selectively programmed by either the manufacturer or the
user in a universal fashion. That is, it would be a distinct
advantage if not only the color and/or design of the exterior
of the device could be selectively defined and/or periodically
changed by a user, but also the actual user interface, includ-
ing user input and output designs on the exterior surface of
the device. The system of the present invention incorporates
such advantages.

BRIEF SUMMARY OF THE INVENTION
In one aspect the present invention includes an outer
housing for a modular telecommunication device in which
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an upper and lower shell are sealed to one another and
formed of a material which is impervious to moisture and
oxygen with at least a portion of the upper shell being
transparent to light. An electroluminescent display assembly
is contained within the sealed upper and lower shells and
includes a composite layer of electroluminescent material
having the characteristic of producing illumination in
response to current How through the material. A first layer of
electrically conductive material is positioned on one side of
the layer of composite electroluminescent material and
comprises a plurality of parallel elongate conductive strips
each of which is separate and electrically insulated from the
other and connected to an electrical terminal on the outside
of the sealed upper and lower shells. A second layer of
electrically conductive material is positioned on the other
side of the layer of composite organic electroluminescent
material and comprises a plurality of parallel elongate
conductive strips each of which is also separate and elec-
trically insulated from the other and extending in a direction
at an angle to the conductive stirps in the first layer to define
a pixel area within the organic electroluminescent layer
between each crosspoint region between an overlying and
underlying conductive strip. Each of the strips in said second
layer are also connected to an electrical terminal on the
outside of the sealed upper and lower shells. A circuit
selectively applies electrical power to the electrical termi-
nals connected to selected ones of the separate strips within
the first and second conductive layers to illuminate the pixel
areas at the crosspoint regions between each underlying and
overlying conductive strip to which electrical power is
selectively applied which allows the illuminated pixels to be
visible through all portions of the upper and lower shell
which are transparent.

In a further aspect of the outer housing for the modular
telecommunication device, the conductive material in one of
the first and second layers of conductive material includes
indium tin oxide (or another suitable clear, electrically
conductive material or alloy) and the conductive material in
the other layer includes aluminum (or other suitable reflec-
tive conductive material or alloy) and the respective longi-
tudinal axes the conductive strips in the two layers extend
perpendicular to one another.

In yet another aspect, the present invention includes a
housing for a portable radio telephone having an outer shell
formed of a material which is impervious to moisture and
oxygen with at least a portion of the shell being transparent
to light to define user input-output and user display regions.
An organic clectroluminescent display assembly is con-
tained within the outer shell and includes a composite layer
of organic electroluminescent material having the charac-
teristic of producing illumination in response to current flow
through the material. A first layer of electrically conductive
material containing indium tin oxide or other clear, electri-
cally conductive material is positioned on one side of the
layer of composite organic electroluminescent material with
the first layer comprising a plurality of parallel elongate
conductive strips separated from one another and connected
to an electrical terminal on the outside of the outer shell
through a sealed aperture. A second layer of clectrically
conductive material containing aluminum or other reflective,
electrically conductive material is positioned on the other
side of the layer of composite organic electroluminescent
material with the second layer comprising a plurality of
parallel elongate conductive strips separated from one
another and extending in a direction perpendicular to the
conductive strips in the first layer to define a plurality of
pixel areas within the organic electroluminescent layer
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between each crosspoint region between an overlying and
underlying conductive strip. Each of the strips in the second
layer are also connected to an electrical terminal on the
outside of the outer shell through a sealed aperture. A touch
sensitive screen may be positioned beneath at least a portion
of the outer shell which is transparent and within the user
input-output region with the screen having electrical con-
nections passing through the sealed outer shell for connec-
tion to external circuitry for receiving input signals from a
user. A circuit for selectively applying electrical power to the
electrical terminals is connected to selected ones of the
separate strips within the first and second conductive layers
to illuminate the pixel areas at the crosspoint regions
between each of the conductive strips on opposite sides of
the composite organic electroluminescent layer to which
clectrical power is selectively applied and allow the illumi-
nated pixels to be visible through all portions of the upper
and lower shell which are transparent. The illuminated
pixels provide visible guidance to a user within the user
input-output region as to where to touch the screen in order
to enter a desired input into the radio telephone and to
provide visible messages to a user within the user display
region which messages are related to operation of the radio
telephone.

BRIEF DESCRIPTION OF THE DRAWINGS

For an understanding of the present invention and for
further objccts and advantages thercof reference can now be
had to the [ollowing description, taken in conjunction with
the accompanying drawings in which:

FIG. 1 is a top perspective view of a mobile radio
telephone subscriber station constructed in accordance with
the principles of the present invention;

FIG. 2 is an end view of the mobile radio telephone
subscriber station of FIG. 1 constructed in accordance with
the principles of the present invention;

FIG. 3 is an illustrative cross section view showing the
construction of a portion of the exterior sidewall of the
telephone of FIG. 1 which includes one layer of organic
electroluminescent material for monochrome display gen-
eration in accordance with one embodiment of the invention;

FIG. 3a is an illustrative cross section view showing a
portion of the construction of the exterior sidewall of the
telephone of FIG. 1 which includes three layers of organic
clectroluminescent materials for full color display genera-
tion in accordance with another embodiment of the inven-
tion;

FIG. 4 is a an illustrative top view ol the conductive
control grids for the organic electroluminescent material of
FIG. 3 which is used in the housing of the cellular radio
telephone illustrated in T'IG. 1;

FIG. 5 is a diagrammatic cross section view, taken about
the lines 5—35 of FIG. 1, showing the various layers of
material comprising the organic electroluminescent outer
shell of the telephone of FIG. 1;

FIG. 6 is a diagrammatic cross section view, taken about
the lines 6—6 of FIG. 1, showing the various layers of
material comprising the organic electroluminescent surface
ot the telephone of FIG. 1;

FIG. 7 is a schemaltic diagram of an illustrative brightness
control for an organic electroluminescent layer of the type
used in the present invention;

FIG. 8 is a schematic diagram illustrating the control of
character segments in organic electroluminescent material
layers of the type used in the present invention;
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FIG. 9 is a block diagram of the control circuitry for a
segmented character display;

FIG. 10 is a schematic diagram of the control circuitry for
a monochromatic graphics display incorporating an organic
electroluminescent material display of the type used in the
present invention;

FIG. 11 is a sequence diagram illustrating the control of
an organic electroluminescent display by the circuit of FIG.
10;

FIG. 12 is a block diagram of the circuitry for the control
of a full color graphics organic electroluminescent display of
the type used in the present invention;

FIG. 13 is a sequence diagram illustrating the control of
an organic electroluminescent display of the type used in the
present invention by the circuit of FIG. 12; and

FIG. 14 is a timing diagram of the sequencing of pixel
drivers in an organic electroluminescent display of the type
used in the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring first to FIG. 1, there is shown a top perspective
view of an illustrative modular communication device 11,
such as mobile radio telephone subscriber station, con-
structed in accordance with the teachings of the present
invention. It should be understood that the housing of the
modular device 11 might be adapted for other communica-
tion units such as pagers, personal digital assistance (PDAs),
laptop computers and the like. As can be seen, the upper
surface 12 of the mobile telephone 11 is generally plain and
smooth with apertures 13 for allowing sound to emanate
from a speaker within the telephone to the car of a user and
apertures 14 for allowing sound from the voice of a user to
reach a microphone within the telephone 1. A folding radio
transmitting and receiving antenna 15 is also illustrated. As
shown in the bottom end view of the telephone 11, the
exterior surface 16 of the telephone may be relatively plain
and smooth and may incorporate only a simple on/off switch
17 for selectively energizing the circuitry of the telephone.
Part or all of the outer shell of the housing of the mobile
telephone is composed of organic electroluminescent mate-
rials. These materials comprise synthetic monomers and
polymers, i.e. plastics, that have the characteristic of pro-
ducing light when subjected to an electric potential. Organic
electroluminescent materials include material referred to as
PPV (poly-p-phenylene-vinylene) a so-called “conjugated
polymer” which emits a yellow-green light when energized.
Such organic electroluminescent materials are also referred
to as light emitting polymers (I.LEPS). Another organic
electroluminescent material referred to as “Alq” is not a
polymer but a hydroxyquinoline-aluminum monomer
deposited material available from Kodak of Rochester, N.Y.
Examples of organic electroluminescent materials suitable
for use in the present invention are available from Electro-
materials Corporation of America of Mamaroneck, N.Y;
Amersham International PLC of Buckinghamshire,
England; Cambridge Display Technology, Ltd. of
Cambridge, England; Eastman Kodak of Rochester, N.Y.;
Philips Research Laboratories of Eindhoven, Netherlands;
and Pioneer Electronics Corp. of Japan. These different
types of materials and assemblies will be referred to herein
generically as “organic electroluminescent materials.”

Referring to FIG. 3, there is shown an illustrative cross
section view of a segment of an outer shell comprising
organic electroluminescent material of the type described
above and employed in the present invention. The top layer
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22 of the segment 21 comprises a transparent substrate such
as a clear plastic, glass or the like which is impermeable to
both moisture and oxygen. Immediately beneath the trans-
parent layer 22 is a layer 23 comprising a plurality of narrow
strips of a first translucent electrically conductive material
preferably composed of indium tin oxide (ITO) or other such
compound. This layer 23 may be formed by taking a solid
layer of ITO and then selectively etching away parallel
spaced apart strips to leave a series of parallel elongate
conductive “wires” separated from one another across the
entire area. The bottom conductive layer 24 is preferably
also formed of elongate parallel strips of a second suitable
electrically conductive material that may be reflective and is
preferably composed of aluminum (Al) or other suitable
compound. The bottom layer 24 also forms a plurality of
parallel, spaced apart conductive strips which are each
perpendicular to the strip in the ITO layer 23 and which also
act like “wires” and conduct electricity along the surface of
the layer 24. I .ocated between the ITO conductive layer 23
and the Al conductive layer 24 are one or more layers of
electroluminescent material 25 and 26 such as a LEP or Alq.
If an LEP or Alg material is used, a hole transport and
electron transport layer may be included on the top and
bottom of the LEP or Alq layer, respectively. As mentioned
above, these electroluminescent materials, such as PPV or
Alg for example, produce a substantially high level of
luminescence and emit light 27 in each discreet region
which is exposed to a relatively low voltage potential. Thus,
a voltage or current across the etched “wires” in layers 23
and 24 would cause light to be produced from the regions of
the composite layers 25/26 of electroluminescent material
which is exposed to that voltage at the crosspoints of the two
“wires.” The single layer of electroluminescent material
25/26 produces monochromatic light the color of which is
determined by the material chosen to form the composite
layer.

Referring to FIG. 34, there is shown an illustrative cross
section view of an alternate embodiment of an outer shell of
organic electroluminescent material which includes three
separate and independent layers of organic electrolumines-
cent material and voltage control layers, rather than one
layer as is illustrated in FIG. 3, the materials for each of the
three composite organic electroluminescent layers 25/26 are
preferably chosen so that each produces a different “primary
color” of light when it is luminescing. Since the voltage of
control layers 23 and 24 are separately and independently
controlled, a full color display can be generated by this
embodiment.

Referring next to FIG. 4, there is a top view of an
illustrative segment of the organic electroluminescent mate-
rial 21 as shown in FIG. 3 wherein it is depicted how the
etched wires comprising the ITO (or other similar material)
layer 23 extend parallel to one another in one direction
across the substrate while the etched wires of the Al (on
other similar material) layer 24 extend parallel to one
another in an orthogonal direction to the I'TO wires. The
point at which an ITO “wire” 23 and an Al “wire” 24
intersect one another forms a “pixel” in that when current
flows through each of the two intersecting wires, an electric
potential is produced between them which causes the
organic electroluminescent material 25-26 located between
the crosspoints and exposed to that voltage potential to
produce light. The light 27 exists from the substrate through
the transparent layer 22. Thus, a display device including
any number of pixels located at a selectively spaced distance
from one another can define a display area of desired
resolution. Displays may be generated on the surface of the

7/9/2025 12:13:06

10

15

20

25

30

35

40

45

50

55

60

65

6

material 21 by selectively energizing particular pixels by
pulsing current selectively through the orthogonally inter-
secting layers of “wires” formed on the upper and lower
surfaces on each of the side of the light emitting polymer or
Alq layers 25-26.

Multicolor displays may be formed by stacking a plurality
of the layers of material 21 shown in FIG. 3, as shown in
FIG. 3a, and choosing the particular organic electrolumi-
nescent materials 25-26 used to construct each of the
stacked assemblies 21 so that each layer produces a light of
a different primary color. By varying the timing of the
enablement of each of the pixels and the intensity of the light
produced from each of the primary color organic electrolu-
minescent material layers in, for example a three layer
assembly, a full color display made up of generally all colors
can be created.

Referring next to FIG. §, there is shown a partial cross
section view taken along lines 5—35 of FIG. 1 of the outer
housing of the telephone instrument 11 construction in
accordance with the present invention. It can be seen how
the outer housing 9 of the telephone can be made up of two
half housings which are fitted together to enclose the tele-
phone circuitry. Each half housing comprises an inner lower
shell 31 and an outer upper shell 37 which are sealed to one
another. Each of the shells 31 and 37 is both moisture and
oxygen impermeable. Between the sealed shells 31 and 37
there may be located a touch screen layer 33 constructed in
accordance with well known techniques for providing for
user input of information by touching a screen with either
the user’s finger or an instrument. The touch will produce a
signal indicative of the specific area on the screen which was
touched and thereafter interpreted by circuitry in accordance
with the message on the screen overlying the touched area.

More specifically, touch screen technology is a general
term for any type of touch or pressure sensitive user input
device. This technology responds to either impulse or a
moving touch. The devices may be constructed in clear
layers and be positioned over an active display image. They
can also be positioned under flexible membranes and/or
resilient materials. Touch sensitive devices employ X and Y
direction membranes across the face of the device and in
essence also form a grid or array of*pixels.” When the
surface of the touch device is touched by a user, the position
of that touch is determined by the voltage drop across each
of the respective membranes at a particular “pixel” location.
Continuous, accurate and even moving touch information
can be conveyed and applications are only dependent on the
sophistication of the triggering and sensing electronics and
the material used in the touch sensitive screens. Electrical
connections to both the touch sensitive screens as well as the
light emitting organic electroluminescent material screens
described above in connection with FIGS. 3 and 4 may be
made by wires, ribbon cables, flex conductors and/or any
other type of elastomeric connector.

Above the touch screen layer 33 there is a conductive
surface 34 which is etched or otherwise partially removed to
form an array of elongate parallel aluminum (Al), or other
suitable material, conductive “wires” 24. Above the layer 24
comprising aluminum “wires” are a pair of layers of material
25-26 comprising electroluminescent polymer materials.
Immediately above the composite layer 35 of electrolumi-
nescent polymers 25-26 is a layer of indium tin oxide (ITO),
or other suitable material, conductive materials 36 which has
also been etched into a series of parallel strips comprising
“wires” 23. As discussed above in connection with FIGS. 3
and 4, each of the “wires” 23 and 24 is connected to a power
supply to be selectively driven with electric current by a
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circuit not shown. Each of the “wires™ 24 in the ITO layer
36 is positioned to extend in an orthogonal direction to the
“wires” 23 in the aluminum layer 34 and each are connected
to a separate driver circuit (not shown) which selectively
connects an electric potential to selected ones of the “wires”
to illuminate “pixcl” arcas within the layer 25-26 of organic
clectroluminescent material at each crosspoint of electrically
energized wire in the respective layer 34 or 36 and produce
light 27 which exits through transparent shell 37. The upper
surface of the array comprising upper outer shell 37 is
formed of transparent material which is impermeable to both
moisture and oxygen. Sealing of each of the inner and outer
shells to one another to form an assembly comprising a half
housing is important in an organic electroluminescent device
because both moisture and oxygen rapidly degrade the
efficiency of the organic electroluminescing material. Such
materials must be protected from these substances by being
sealed within impermeable bearers. Alternatively, a trans-
parent touch sensitive device 33 might be applied to the
upper surface of the outer shell 37 rather than being located
within the sealed assembly.

While FIG. 5 only depicts the upper surface and the
rounded side surfaces of the telephone instrument 11 as
being covered by one or more layers of an organic elec-
troluminescent material, it should also be understood that
the entire outer surface of the telephone instrument 11 might
be covered with such material. While a touch sensitive
surface may not be needed in areas other than areas intended
to accept user input, the entire outer surface of the telephone
11 may advantageously be covered with organic electrolu-
minescent material for reasons further described below.

It should also be understood that while a single composite
layer 35 of organic electroluminescent material is indicated,
(sandwiched between a layer 34 of aluminum (or other
similar material) wires 24 on one side and a layer 36 of ITO
(or other similar material) wires 23 on the other side),
multiple composite layers of organic electroluminescent
material each surrounded by control grid-like “wiring” may
be provided as illustrated in FIG. 3b. Such multiple com-
posite layer assemblies would then enable a full range of
colors to be implemented in an organic electroluminescent
display by selectively energizing different layers which
produce light of different primary colors in varying degrees
and in varying patterns.

Referring next to FIG. 6, there is shown a longitudinal
cross section view taken about lines 6—6 of FIG. 1. As
indicated in FIG. 1, the upper surface area 12 of the housing
of the telephone 11 may be selectively configured by
software, either programmed by the manufacturer or by the
user, into one or more discreet areas. For example, there is
shown in FIG. 1 a first area 10 which may comprise a display
area of the telephone and a second area 9 which may
comprise a keyboard/user input-output area for the tele-
phone. As illustrated in more detail in FIG. 5, the entire area
on the upper surface comprises an outer shell 37 and an inner
shell 31 formed both being formed of an oxygen and
moisture impermeable material and sealed together around
their periphery. A layer of conductive aluminum (or other
similar material) grid “wires” 34 and an orthogonal layer of
ITO (or other similar material) grid “wires” 36 underlie and
overlie, respectively, the composite layer of organic elec-
troluminescent materials 35. The outer impermeable shell 37
is sealed against the lower impermeable shell 32 to ensure
that no moisture or oxygen reach the composite layer 35 of
organic electroluminescent materials.

The upper surface 12 of the telephone has been arbitrarily
divided into a keypad area 9 and a display area 10. Under-
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lying the keypad area 9 is the touch sensitive keypad device
33 adapted for responding to user input by touch against the
upper surface of the keypad area 9. The organic electrolu-
minescent upper surface 12 of telephone 11 allows the
system to be selectively programmed by software to define
the pixilated regions throughout the surface arca 12 into
various zones. One zone can be arbitrarily designated as a
display area, such as 10, and the other arbitrarily defined as
a user input-output area 9. Just as the face of a cathode ray
tube (CRT) screen can be configured and changed by the
software driving the electron guns simultaneously scanning
the screen and selectively energizing pixels thereon to cause
the screen to produce an image, so also the ITO (or other
suitable material) and Al (or other suitable material) electric
grid(s) can be driven to stimulate the pixels defined by each
of the grid cross points above and below the organic
electroluminescent material layers positioned between each
of the cross points to produce light at selected locations and
thereby, any desired image. Moreover, different areas may
contain different images during different times. For example,
when the telephone is turned on but not being actively used
to send or receive communication, the system could be
programmed to produce a selected color over the entire
exterior surface of the telephone, which, as described above,
can be covered by one or more of the composite organic
electroluminescent layer assemblies to produce various col-
ors. Similarly, the system can be programmed by software
controlling a circuit for selectively applying electric power
to the organic electroluminescent layer assemblies to gen-
erate and display a given design, such as a flower, on the
front upper surface 12 of the telephone when it is in standby
mode. In the event the user receives a call or desires to place
a call and puts the telephone into active mode, the image of
the flower can be caused by the software to disappear and the
surface area immediately be visually reconfigured into the
keypad and display areas 9 and 10, described above. In
addition, the coloration of background and lettering of both
the display and keypad area can be selectively programmed
by either the manufacturer or the user. Thus, a certain
background color and certain colors of letters can be selec-
tively chosen based upon user preference.

Referring next to FIG. 7, there is shown an illustrative
schematic diagram of a power supply and control for an
organic electroluminescent device of the type employed in
the present invention. A pair of ITO (or other suitable
material) and Al (or other suitable material) layers 41 and 42
are, respectively, grounded and connected to a voltage
source 43 through means for varying the voltage between
the organic electroluminescent layers 44 and 45. By chang-
ing the voltage drop across voltage control 46 the degree of
color intensity in the light produced by the organic elec-
troluminescent layers 44 and 45 is varied.

FIG. 8 illustrates an array of electrode pairs comprising
elements S1a—b charging 57a—b. Each of the electrode pairs
may comprise the opposed surface areas at the crosspoints of
a plurality of clongate orthogonal “wires” of Al (or other
suitable material) and ITO (or other suitable material). The
area between the two conductive electrodes is filled with a
composite layer of organic electroluminescent material so
that upon selective application of a voltage between different
ones of the electrode pairs by a power supply, there is
created an 7 element character display, for example, to
selectively display the numbers 0—9. Each of the elements
51a—57a is connected, respectively, to a row control bus
driver lead from a power supply (not shown) while each of
the elements 515—57b is connected, respectively, to a col-
umn control bus driver lead. It should be noted that most
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conventional drive schemes and circuits used in conven-
tional LCD type displays can be utilized on organic elec-
troluminescent displays or backlights.

Referring to FIG. 9, there is shown a column/row drive
circuit for one of each of the pair of the elemental segments
shown in FIG. 8. A random access memory 61 is connected
to a microprocessor 62 which drives a register 63. The
output of the register 63 is connected to a plurality of the
elements, for example segment 51a, as well as additional
clements. Upon selective energization of the register by the
microprocessor under control of control software stored in
RAM memory, a sequence of elements are energized to
create a changing display in a color defined by the compo-
sition of the organic electroluminescent material between
the elements.

Referring next to FIG. 10, there is shown a circuit for
controlling a full monochrome graphic display. A random
access memory 71 is connected through a controller 72
which selectively drives a column register 73 and a row
register 74. A digital/analog converter 75 controls the
amount of power to be delivered to the rows and columns of
the orthogonal “wires” by the circuit. The row register
controls, for example, the voltage on the plated “wires” in
one of the orthogonal directions 76 of the organic electrolu-
minescent display (FIG. 4) while the column register 73
controls the voltage to be applied to the plated “wire” in the
other orthogonal direction 77 of the organic electrolumines-
cent display (FIG. 4). Thus, pixels on a grid-like array such
as that illustrated comprising the front surface 12 of the
telephone 11 in FIG. 1, may be selectively controlled by
software contained within the RAM 71 to selectively gen-
crate either a solid color or an image design or pattern as
desired on that surface. The circuitry of FIG. 10 is for the
control of a single color of organic electroluminescent
material.

Referring next to FIG. 11, a sequence chart illustrating the
sequence of operation of the circuit of FIG. 10 is depicted.
In step 1, all rows are disabled followed by step 2 where the
row register is loaded for one of the rows, e.g. row M. In step
3, the system enables row M by applying voltage to it and
at step 4 a delay is implemented. Finally, at step 5 the system
increments M and moves back to 1 to disable all rows and
cycle through again. The column leads are controlled a
similar fashion. The cyclic operation of such rows and
columns are controlled by software to produce the desired
display.

Referring next to FIG. 12, there is shown an illustrative
circuit diagram for a driving circuit for an organic clcctrolu-
minescent display of the type employed in the present
invention which implements a full display color. In FIG. 12,
a microprocessor 81 controls the down counter 82 within a
column rcgister 83. A digital/analog convertcr 84 controls
the intensity ol each color. The column register 83 controls
one direction while a row register 86 controls the other
orthogonal direction. There is a duplicate circuitry of FIG.
12 for each color so that full enablement of full color
graphics is possible il the colors in cach layer of organic
electroluminescent material are chosen, for example, to be
primary colors, respectively.

Referring briefly to FIG. 13, there is shown a sequence
chart depicting the operation of FIG. 12. In Step 1, all rows
are turned off and the system moves to step 2 at which the
circuit is disabled. At 3, the system downloads the counter
column 1 for row M, at 4 downloads the counter column 2
for row M and so forth through column N for row M to
scquence through the pattern.
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In FIG. 14, there is depicted a timing diagram illustrating
the driver output for different levels of illumination of a
pixel. For example, in pattern “a” there is no voltage and
therefor the pixel is unlit. In pattern “b” there is a relatively
short pulsc which creates a dim pixcl while in pattcrn “c” the
pixel is driven for a considerable period of time thus
producing a brighter pixel. The display given is for a time
slot for one row.

By way of gcncral summary, the basic principles of
operation ol the organic electroluminescent display incor-
porated into the present invention are somewhat related to
those used in liquid crystal displays (LCDs). An organic
clectrolumincescent layer such as a light cmitting polymcr
layer or layers (LEPs) or Alg are sandwiched between two
conductive layers comprising Indium Tin Oxide (ITO) (or
other suitable material) and Aluminum (Al) (or other suit-
able material) that are etched, usually via a laser, or stereco
lithography, into conductive elongate conduclive strips com-
prising “wires.” Each of the etched “wires” on these respec-
tive areas run perpendicular to one another. At the crossing
point of the “wircs” between the top ITO (or other suitable
material) layer and the bottom Al (or other suitable material)
layer, a pixel is formed. A particular pixel is lighted by
voltage when the appropriate ITO (or other suitable
material) “wirc” and the corresponding “Al” (or other suit-
able material) are combined in a circuil. The current going
through the crosspoint between the two wires excites the
LEP or Alq layer and light is emitted. In current technology,
organic electroluminescent materials, such as LEPs and Alq
have been developed that exhibit the colors green, yellow,
blue and red. The color green/yellow has proven to be the
most efficient color so far. The light emitting organic elec-
trolumincscent material display opcratcs at a rclatively low
voltage and a reasonable current and give light levels that are
comparable to both light emitting diodes (LEDs) and liquid
crystal displays (LCDs).

In one aspect of the system of the present invention, a
organic electroluminescent layer with conductive ITO (or
other suitable material) and Al (or other suitable material)
laycers is attached to a touch screen type device and utilized
as a user interface which can be molded or bonded o the
cover of a communication device such as a cellular tele-
phone. The addition of a touch screen to the organic elec-
troluminescent layer eliminates the need for any type of
keypad connections in the product. This greatly reduces the
part count and simplifies manufacturing of the device.
Moreover, as pointed out above, the cover of the telephone
12 is utilized as a display, keypad and any othcr uscr
interface device desired by selective programming the con-
trol software to produce the desired display area on the front.
‘T'his dramatically reduces the size of the cellular telephone
ovcer thosc in which the display and keypad arc scparatc and
take up considerable space cach.

In one technique for constructing one embodiment of the
assembly of the invention, the touch screen device 33 is laid
over the upper surface of the bottom outer shell 31 and
bonded into place. Next the aluminum layer (or other
suitable material) 34 of the organic electroluminescent
assembly is deposited and “etched” to form conductive
“wires” 23 comprising elongate spaced apart arcas on the
surface. Next, the layers 25 and 26 of the organic electrolu-
minescent composite layer 35 are deposited to the appro-
priate thickness. Finally, the ITO (or other suitable material)
conductive layer 36 is deposited on the surface and “ctched”
into conductive “wires” 24 with the aluminum and ITO (or
other suitable material) etched “wires” running perpendicu-
lar to cach othcr in order to define the required pixcls over
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the surface, preferably comprising a rectangular grid array.
Finally, moisture and oxygen impermeable upper outer
transparent shell 37 is deposited inside an outer cover and on
the surface of the ITO (or other suitable material) layer to
encapsulate the composite organic electroluminescent layer
35 and conductive layers 34 and 36.

In addition, the {lexibility of the organic electrolumines-
cent layer in the touch screen allow all surfaces of the outer
shell of the telephone to be covered if desired. This allows
the display or the keypad or the uscr interfacc and combi-
nations thercol to take up the entire upper visible surlace
area of the telephone as illustrated with surface 12 of
telephone 11. Connection to the ITO and Al (or other
suitable materials, respectively) layers as well as the touch
screen is made by conductive layers deposited on the shell
of the telephone or by simply leaving through holes that
allow for connection to the etched wires of the two conduc-
tive layers and for connection to the touch screen. It should
also be noted that an option to the embodiment shown in
FIG. 5§, would be to place the touch screen device on the top
of the organic electroluminescent material. This places the
touch screen device on the upper surface of the teclephone
outer shell rather than on the bottom.

The connection methods to the display could be any of the
following: ribbon cable, clastomeric connectors, flex
connectors, wires, etc. However, each of the etched wires of
each of the layers must have a connection in order to be
driven and define pixels within the organic electrolumines-
cent material.

Although preferred embodiments of the method and appa-
ratus of the present invention have been illustrated in the
accompanying drawings and described in the foregoing
description, it is understood that the invention is not limited
to the embodiment(s) disclosed but it capable of numerous
rearrangements, modifications and substitutions without
departing from the spirit of the invention as set forth and
defined in the following claims.

What is claimed is:

1. An outer housing for a modular telecommunication
device comprising:

an upper and lower shell sealed to one another and formed
of a matcrial which is impcrvious to moisturc and
oxygen with at least a portion of said upper shell being
transparent to light;

an organic clectroluminescent display asscmbly contained
within said sealed upper and lower shells which
includes,

a composite laycr of organic clectrolumincscent matcrial
having the characteristic of producing illumination in
response to voltage across the material;

a first layer of electrically conductive material on one side
of said layer of composite organic electroluminescent
material, said first layer comprising a plurality of
parallel elongate conductive strips separated trom one
another and connected to an electrical terminal on the
outside of said sealed upper and lower shells;

a second layer of electrically conductive material on the
other side of said layer of composite organic electrolu-
minescent material from said first layer, said second
layer comprising a plurality of parallel elongate con-
ductive strips separated from one another and extend-
ing in a direction at an angle to the conductive strips in
said first layer to define a pixel area within the organic
electroluminescent layer between each crosspoint
region between an overlying and underlying conduc-
tive strip, each of said strips in said second layer also
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being connected to an electrical terminal on the outside
of said sealed upper and lower shells; and

a circuit for selectively applying electrical power to the
electrical terminals connected to selected ones of said
separate strips within said first and second conductive
layers to illuminate said pixel areas at the crosspoint
regions between each underlying and overlying con-
ductive strip to which electrical power is selective
applied and allow said illuminated pixels to be visible
through portions of said upper and lower shell which
arc lransparent.

2. An outer housing for a modular telecommunication
device as set forth in claim 1 wherein the conductive
matcrial in onc of said first and sccond layers of conductive
material includes a material such as indium tin oxide and the
conductive material in the other layer includes a material
such as aluminum.

3. An outer housing for a modular tcleccommunication
device as set [orth in claim 1 wherein said plurality of strips
in said first layer of conductive material extend in a direction
orthogonal to said plurality of strips in said second layer of
conductive matcrial.

4. An outer housing for a modular telecommunication
device as set forth in claim 1 wherein said composite layer
of organic electroluminescent material having the charac-
teristic of producing illumination in rcsponsc to voltage
across the material includes at . least two separate layers ol
a light emitting polymer material such as poly-phenylene-
vinylene.

5. An outer housing for a modular tcleccommunication
device as set [orth in claim 1 wherein said composite layer
of organic electroluminescent material having the charac-
teristic of producing illumination in response to voltage
across thc matcrial includes a hydrox-yquinolinc-aluminum
monomer malerial, or Alg.

6. An outer housing for a modular telecommunication
device as set forth in claim 1 wherein said organic elec-
troluminescent display assembly contained within said
sealed upper and lower shells also which includes:

a touch sensitive screen underlying at least a portion of
said outer shell which is transparent to light to define a
user input region, said screen having electrical connec-
tions passing through said sealed upper and lower
shells for connection to external circuitry for receiving
input signals from a uscr.

7. An outer housing for a modular telecommunication
device as set forth in claim 6 wherein said circuit for
selectively applying electrical power to the electrical termi-
nals connccted to sclected oncs of said scparate strips within
said first and second conductive layers is controlled in a
manner that illuminates selected pixels in the organic elec-
troluminescent layer at the crosspoints between each of the
underlying and overlying conductive strips in said user input
region defined by said touch sensitive screen to provide
visible guidance to a user as to where to touch said screen
in order to enter a desired input into the said modular
tclecommunications device.

8. An outer housing for a modular telecommunication
device as set forth in claim 1 wherein said organic elec-
troluminescent display assembly contained within said
scaled upper and lowcer shells also which includes:

an area of said display assembly underlying at least a
portion of said outer shell which is transparent to light
to define a user display region, and wherein

said circuit for selectively applying electrical power to the
electrical terminals connected to selected ones of said
separate strips within said first and second conductive
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layers is controlled in a manner that illuminates
selected pixels in the organic electroluminescent layer
at the crosspoints between each of the underlying and
overlying conductive strips in said user display region
underlying said transparent portion of said upper shell
to provide visible messages to a user related to opera-
tion of said modular telecommunications device.

9. An outer housing for a modular telecommunication
device as set forth in claim 1 wherein said organic elec-
troluminescent display assembly contained within said
scalcd upper and lowcer shells also which includces:

an area of said display assembly underlying at least a

portion of said outer shell which is transparent to light
to define a decorative display region, and whercin said
circuit for selectively applying electrical power to the
electrical terminals connected to selected ones of said
separate strips within said first and second conductive
laycrs is controlled in a manncr that illuminatcs
selected pixels in the organic electroluminescent layer
at the crosspoints between each of the underlying and
overlying conductive strips in said decorative display
region underlying said transparent portion of said upper
shell to provide a decorative design to at least a portion
of the upper surface of said modular telecommunica-
tions device.

10. An outer housing for a modular tcleccommunication
device as set forth in claim 6 wherein said sealed upper and
lower shells also includes at least a second complete and
separate organic electroluminescent display assembly and
also includes:

an area of said first display assembly underlying at least

a portion of said outer shell which is transparent to light
to define a user display region adjacent to said user
input region,

an area of said second display assembly underlying at

least a portion of said outer shell which is transparent
to light to define a decorative display region; and
wherein

said circuit for selectively applying electrical power to the

electrical terminals is connected to selected ones of said
separate strips within both said first and second con-
ductive layers of said first organic electroluminescent
display assembly and first and second conductive layers
of said second organic electroluminescent display and
is selectively operative in either one of two modes, a
first mode in which it is operative and controlled in a
manner that illuminates selected pixels in the organic
clectroluminescent layer of the second display assem-
bly at the crosspoints between each of the underlying
and overlying conductive strips in said decorative dis-
play region to provide a decorative design to the upper
surface of said modular telecommunications device
and, alternatively, in a second mode in which it is
operative and controlled in a manner that illuminates
selected pixels in the organic electroluminescent layer
of the first display assembly at the crosspoints between
each of the underlying and overlying conductive strips
in said user input and user display regions to provide
visible guidance to a user as to where to touch said
screen in order to enter a desired input into the said
modular telecommunications device and to provide
visible messages to a user related to operation of said
modular telecommunications device.

11. An outer housing for a modular telecommunication
device as set forth in claim 10 wherein said circuit for
selectively applying electrical power to the electrical termi-
nals is operated in said first mode when the telecommuni-
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cations device is in an idle state and in said second mode
when the telecommunications device is in an active state.

12. An outer housing for a modular telecommunication
device as set forth in claim 1 wherein said sealed upper and
lower shells also includes at least two additional complete
and separate organic electroluminescent display assemblies,
and wherein the composite layers of organic electrolumi-
nescent material in each of said three assemblies is chosen
to produce light in each of three primary colors and said
circuit for selectively applying electrical power to the elec-
trical terminals is connected to selected ones of said separate
strips within said first, second and third conductive layers of
said three assemblies and controlled so that a full color
display is produced and visible through the transparent
portion of said outer shell.

13. An outer housing for a modular telecommunication
device as set forth in claim 1 wherein said sealed upper and
lower shells are substantially entirely transparent to light,
said organic electroluminescent display assembly contained
within said sealed upper and lower shells underlies substan-
tially all of the transparent portions of said shells and said
circuit for selectively applying electrical power to the elec-
trical terminals is controlled to provide a substantially
uniform color to the exterior of said modular telecommuni-
cation device.

14. An outer housing for a portable radio telephone
comprising:

an outer shell formed of a material which is impervious to
moisture and oxygen with at least a portion of said shell
being transparent to light to define user input-output
and user display regions;

an inner shell formed of a material which is impervious to
moisture and oxygen which is sealed around periphery
to said outer shell;

an organic electroluminescent display assembly contained
between said inner and outer shells which includces,

a composite layer of organic electroluminescent material
having the characteristic of producing illumination in
responsc to currcnt flow through the matcrial;

a first layer of electrically conductive material containing
a material such as indium tin oxide on one side of said
laycr of composite organic clectrolumincscent matcrial,
said first layer comprising a plurality of parallel elon-
gate conductive strips separated from one another and
connected to an electrical terminal on the outside of
said outer shell through a sealed connection;

a second layer of electrically conductive material con-
taining a material such as aluminum on the other side
of said layer of composite organic electroluminescent
material, said second layer comprising a plurality of
parallel elongate conductive strips separated from one
another and extending in a direction perpendicular to
the conductive strips in said first layer to define plu-
rality of pixel areas within the organic electrolumines-
cent layer between each crosspoint region between an
overlying and underlying conductive strip, each of said
strips in said sccond layer also being connccted to an
electrical terminal on the outside of said outer shell
through a sealed connection;

a touch sensitive screen possibly underlying at least a
portion of said outer shell which is transparent and
within said user input-output region, said screen having
electrical connections passing through either of said
sealed shells for connection to external circuitry for
receiving input signals from a user; and

a circuit for selectively applying electrical power to the
electrical terminals connected to selected ones of said
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separate strips within said first and second conductive
layers to illuminate said pixel areas at the crosspoint
regions between each of the conductive strips on oppo-
site sides of the composite organic electroluminescent
layer to which electrical power is selective applied and
allow said illuminated pixels to be visible through all
portions of said upper and lower shell which are
transparent to provide visible guidance to a user within
said user input-output region as to where to touch said
screen in order to enter a desired input into the said
radio telephone and to provide visible messages to a
user within said user display region which are related to
operation of said radio telephone.

15. An outer housing for a portable radio telephone as set
forth in claim 14 wherein said composite layer of organic
clectroluminescent material having the characteristic of pro-
ducing illumination in response to current flow through the
material includes at least two separate layers of a light
emitting polymer material such as poly-phenylene-vinylene.

16. An outer housing for a modular telecommunication
device as set forth in claim 14 wherein said composite layer
of organic electroluminescent material having the charac-
teristic of producing illumination in response to current flow
through the material includes a hydrox-yquinoline-
aluminum monomer material (Alg).

17. An outer housing for a portable radio telephone as set
forth in claim 14 wherein said sealed inner and outer shells
also include at least a second complete and separate organic
electroluminescent display assembly and also includes:

an arca of said first display assembly underlying at least

a portion of said outer shell which is transparent to light
to define said user input-output and user display
regions,
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an area of said second display assembly underlying at

least a portion of said outer shell which is transparent
to light to defline a decorative display region; and
wherein

said circuit for selectively applying electrical power to the

electrical terminals is connected to selected ones of said
separate strips within both said first and second con-
ductive layers of said first organic electroluminescent
display assembly and first and second conductive layers
of said second organic electroluminescent display and
is sclectively operative in cither onc of two modcs, a
first mode in which it is operative and controlled in a
manner that illuminates selected pixels in the organic
electroluminescent layer of the second display assem-
bly at the crosspoints between each of the underlying
and overlying conductive strips in said decorative dis-
play region to provide a decorative design to the upper
surface of said portable telephone housing and,
alternatively, in a second mode in which it is operative
and controlled in a manner that illuminates selected
pixels in the organic electroluminescent layer of the
first display assembly at the crosspoints between each
of the underlying and overlying conductive strips in
said user input and user display regions to provide said
visible guidance to a user as to where to touch said
screen in order to enter a desired input into the said
radio telephone and to provide said visible messages to
a user related to operation of said radio telephone.
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