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7) ABSTRACT

Improved electroluminescent and photonic devices with
integrated logic and control circuits are disclosed. Low
mobility, contact barrier, space charge limitation and carrier
balancing are provided solutions that increase efficiency,
reliability and longevity of the devices. Device power loss
and power requirements are reduced. True-ohmic contact
materials allow a gate-controlled, light emitting organic
triode MESFET configuration that eliminates commonly
used ITO thereby increasing luminous output, and providing
ease of address and control by integrally fabricated comple-
mentary MESFET address and control circuitry. The devices
can be fabricated by printing or by weaving appropriate
materials, and can be configured as color displays.
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ELECTROLUMINESCENT DEVICES AND
DISPLAYS WITH INTEGRALLY FABRICATED
ADDRESS AND LOGIC DEVICES FABRICATED
BY PRINTING OR WEAVING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. non-
provisional application Ser. No. 09/823,269, filed Mar. 30,
2001 entitled “Electroluminescent devices and displays with
integrally fabricated address and logic devices fabricated by
printing or weaving”, which is a continuation-in-part of U.S.
patent application Ser. No. (09/218,233, filed Dec. 22, 1998,
each of which are hereby incorporated by reference in their
entirety.

FIELD OF THE INVENTION

[0002] This invention is directed toward triode electrolu-
minescent devices, structures and materials comprising car-
rier injection contacts which are applied to improve or
replace organic light emitting diode (LED) fabrication pro-
cesses and contact materials. More particularly, the inven-
tion is directed toward solution deposited and ink-jet printed
metal-organic and organic-polymer semiconductors and
electroluminescent semiconductors which are used to form
panel displays and other photonic devices and products.
Alternately, the devices can be fabricated by weaving con-
stituent materials.

BACKGROUND OF THE INVENTION

[0003] U.S. Pat. Nos. 5,656,883 and 5,663,559, both to
Alton O. Christensen, Sr. (Christensen) disclose true-ohmic
contact structures for injecting charge into a vacuum inter-
face, namely, field emission. U.S. Pat. No. 5,977,718, U.S.
patent application Ser. No. 08/281,912 and U.S. patent
application Ser. No. 09/218,233, all to Christensen, disclose
other materials of a true-ohmic contact interface to inor-
ganic, organic and polymer devices. More specifically, U.S.
patent application Ser. No. 09/218,233 discloses woven
polymer semiconductors and electroluminescent fibers com-
prising pixel components and control circuitry. Furthermore,
U.S. patent application Ser. No. 08/281,912 discloses true-
ohmic contacts to inorganic and metal-organic materials.

[0004] The status of the prior art in electroluminescent
(EL) polymer device design is well documented by the
review article by R. H. Friend, et al., in “Electrolumines-
cence in Conjugated Polymers,” NATURE, Vol. 397, Jan.
14, 1999, p 121. This article, hereafter referred to as
“Friend”, is limited to conjugate polymer light emitting
diode devices (LED’s) having indium-tin oxide (ITO) as the
hole-injecting contact. The reference is cited not only as
background of the prior art, but also because specific needs
for improvement in the prior art are discussed. These are
summarized as follows by topic with applicable page, col-
umn and initial line number:

[0005] 1. TLow barrier contacts: (page 124, col. 2, line 17)
Friend states that both hole-injecting and electron-injecting
electrodes with relatively low barriers for charge injections
are required so that high current densities and concomitant
light emission are produced at low voltages.

[0006] 2.TLow mobility: (page 124, col. 2, line 12) Friend
states that mobility is field (energy) dependent.
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[0007] 3. Space charge limitation: (page 124, col. 2, line 1)
Friend states that current flow in LED’s is not limited by
injection, but bulk limited by build up of space charge from
low carrier mobility.

[0008] 4. Current balancing: (page 125, col. 1, line 5)
Friend states that injection and transport of holes into the
bulk of the polymer must be matched by injection and
transport of electrons from the opposite electrode, and that
the control of injection rates (by introducing hetrojunctions)
has been shown to be effective for obtaining charge balance.

[0009] 5. Reduced radiative emission: (page 126, col. 1,
line 25) Friend states that in device structures of the type
discussed here, the presence of a metallic cathode (ITO)
provides a mirror thereby reducing the emission rates.

[0010] 6. Interchain interaction reduces radiative emis-
sion: (page 125, col. 2, line 38 and page 126, col. 1, line 3)
Friend states that interchain interactions produce lower
energy excited states not strongly radiative,

[0011] 7. Need economic integrated pixel control cir-
cuitry; (Page 127, col. 1) Friend discusses needs for eco-
nomically efficient means for producing integrated pixel
control circuitry.

[0012] Improvements in these areas will be set forth in
subsequent sections of this disclosure.

SUMMARY OF THE INVENTION

[0013] This disclosure is directed toward improvements in
efficiency and operation of solution deposited and ink-jet
printed electroluminescent and photonic devices. These
devices can also be fabricated by weaving. Prior art interface
low mobility, contact barrier, space charge limitation and
carrier balancing are incorporated. These properties tend to
increase efficiency, increase reliability and longevity, reduce
a power loss, and reduce power requirement of LED
devices. Contact materials and a light emitting triode con-
figuration are disclosed that eliminates ITO commonly used
in prior art devices. This increases luminous output, and
provides ease of address and control by the use of integrally
fabricated triode address and control circuitry.

[0014] As mentioned above, U.S. Pat. Nos. 4,663,559, and
5,656,883 to Christensen disclose a true-ohmie, no-barrier,
non-tunneling, injecting contact between the low work func-
tion metal Cr.sub.3Si and SiO.sub.2 (silica) as a n-type
semiconductor, co-deposited as a cermet. Contact equilib-
rium accumulates the silica conduction band with electrons.
These electrons are less than 1 electron volt (¢V), and
typically 0.6 eV from vacuum level. In U.S. patent appli-
cation Ser. No. 09/218,233, this same interface physics is
extended to an injecting, non-tunneling ohmic contact
obtained between the cermet and n-type polymer semicon-
ductors and electroluminescent (EL) material. This type of
contact, at equilibrium, injects electrons into the polymer
semiconductor conduction band, prohibits tunneling, and
permits only minimal hole conduction. The ohmic contact to
EL semiconducting polymers allows a third, gate terminal to
be effective in controlling avalanche in the semiconductor.
The cermet contact to EL polymer blocks hole current flow,
increases EL carrier recombination, and improves efficiency
and luminous output over prior art tunneling EL devices.
Furthermore, U.S. patent application Ser. No. 09,218,233
discloses woven polymer semiconductors and electrolumi-
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nescent fibers comprising pixel components and control
circuitry. The apparatus and methods can be used to produce
a flexible, cloth-like flat screen display.

[0015] U.S. Pat. Nos. 5,656,883 and 5,663,559, U.S.
patent application Ser. No. 08/281,912 and U.S. patent
application Ser. No. 09/218,233 are hereby entered into this
disclosure by reference. This disclosure sets forth apparatus
and methods for improving triode electroluminescent
devices, structures and materials comprising carrier injec-
tion contacts, which are now applied to improve or replace
organic LED fabrication processes and contact materials.

[0016] The improved apparatus and methods are particu-
larly applicable to solution deposited and ink-jet printed
metal-organic and organic/polymer semiconductors and
¢lectroluminescent semiconductors that form devices, dis-
plays and other photonic devices and products. Elements are
printed in pattern and in a sequence required to produce
cooperative elements of the devices

[0017] An alternate means of fabrication is the weaving
process disclosed in U.S. patent application Ser. No. 09/218,
233 and previously entered into this disclosure by reference.
A class of such polymers, consisting of microfibers of
micron and sub-micron dimension, is woven into silk-like
fabrics. The ability of certain co-polymers to emit light has
been known for less than two decades. Selected conjugate or
ladder-type polymers may have dielectric, resistive, thermal
conductivity, n or p type conductivity and EL properties

[0018] The above references entered by reference teach
the principles, materials and means for providing true solid/
solid interface Mott-Gurney, no-barrier, true-ohmic contact
to n-type semiconducting inorganic and metal-organic com-
pounds, polymers and co-polymers of band gaps greater
than 2 eV used in electronic circuitry, EL and other photonic
devices. In summary, the teachings and effects are as fol-
lows:

[0019] 1. When contact is made between an n-type semi-
conductor and a conductor whose work function quadrature-
.sub.m is less than half of (E.sub.g/2.quadrature.) where
E.sub.g is the semiconductor band gap and .quadrature. is
the electron affinity, then charge exchange occurs to obtain
equilibrium;

[0020] 2. in the charge exchange, interface traps are filled
and the conduction band of the semiconductor is accumu-
lated with electrons;

[0021] 3. the greater the positive difference between
(E.sub.g/2-.quadrature.-.quadrature..sub.m) and work func-
tion quadrature..sub.m the greater charge exchange occurs to
achieve equilibrium, filling some bulk traps as well; and

[0022] 4. the net effect is to increase conductivity, electron
mobility and reduce space charge

[0023] These principles, materials, and methods are uti-
lized in the present invention. Two high conductivity con-
tacting metals, each capable of producing true ohmic contact
to semiconductors and EL semiconductors of band gap
greater than 1.5 eV, are employed in the apparatus of the
present invention. These contact materials are CuCa.sub.2
with a work function of about 1.6 eV, and Al.sub.2Li.sub.3
with a work function of about 1 eV. CuCa.sub.2 prevents
diffusion and electromigration of Cu, has a relatively high
conductivity and adapts readily into the prior art LED
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processing environment requiring background pressure of
10.sup.-6 mbar of O.sub.2 (see Friend, page 123, col. 2, line
34). When fabricated by printing or other deposition means,
Alsub.2Lisub.3 requires a suitably positive pressure of
argon (Ar) both during the solution formation and the
deposition. Polymers and co-polymers of electrolumines-
cent devices and both CuCa.sub.2 and Alsub.2Li.sub.3
require protective coating, or overall encapsulation, to pre-
vent oxidation. Either CuCa.sub.2 contacts or preferably
Alsub.2Lisub.3 contacts improve LED operation. Both
CuCa.sub.2 and Alsub.2Lisub.3 alloy with polymer and
co-polymer semiconductors and electroluminescent devices
at about 30.degree. centigrade.

[0024] Disclosed are method and means of eliminating the
barrier and reduced radiative emission of prior art ITO
cathode by transforming the LED structure into a triode gate
controlled metal semiconductor field effect transistor (MES-
FET)-like structure having a surrounding gate that controls
carrier energy and carrier balance. The true-ohmic contacts
disclosed inject carriers and fill interface and bulk traps. This
increases carrier mobility by a factor approaching 10.sup.4
and space-charge distance by a significant factor, allowing
more concentration of radiative chain emission and thus
more radiated output. The pixel MESFET operates in a
short-channel, normally “off”, gate-controlled high-energy
mode, up to and including avalanche, thereby increasing
radiative output and decreasing power required. Basis infor-
mation on MESFET operation is included in the literature.
The MESFET field has polymer-chain field orientation,
rather than LED cross-chain field, thereby further improving
efficiency and radiative emission by lowering non-radiative
interchain reaction. The MESFET’s surrounding gate
enhances carrier balancing. Carrier balancing may be
“tuned” for a particular polymer or copolymer by the
positioning of the gate relative to the cathode. The MESFET
gate electrode provides reduced cross talk and ease of pixel
addressing as compared to LED’s.

[0025] Since the MESFET device comprises organic ele-
ments, it will sometimes be referred to as an “organic”
MESFET or “OMESFET”.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] So that the manner in which the above recited
features, advantages and objects the present invention are
obtained and can be understood in detail, more particular
description of the invention, briefly summarized above, may
be had by reference to the embodiments thereof which are
illustrated in the appended drawings:

[0027] FIG. 1 is a partial cross section of a prior art
electroluminescent diode;

[0028] FIG. 2 is a partial cross section of an improve
version of the prior art diode shown in FIG. 1;

[0029] FIG. 3 is a cross section schematic of the preferred
OMESFET used in pixels and control circuitry;

[0030] FIG. 4 is a partial planar view schematic of the
preferred OMESFET used in pixels and control circuitry
shown in FIG. 3;

[0031] FIG. 5 is a partial cross section of an OMESFET
suitable for fabrication using printing methods;
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[0032] FIG. 6 is a partial planar view of the OMESFET
illustrated in FIG. 5;

[0033] FIG. 7 is a planar topology of a pixel comprised of
three pairs of red, green and blue (RGB) emitting OMES-
FET’s;

[0034] FIG. 8 is a cross section of the preferred comple-
mentary OMESFET logic device,

[0035] FIG.9 is a conceptual, planar diagram of an ink-jet
printing system filling polymer semiconductor areas in pat-
tern and sequence to form an EL device; and

[0036] FIG. 10 is a partial cross section showing inter-
connected pixel elements shown in FIG. 3 and the OMES-
FET logic device shown in FIG. 8.

DETAILED DESCRIPTION OF THE
INVENTION

[0037] The invention discloses electroluminescent and
photonic devices with improved efficiency and operation.
The devices are designed for efficient and cost effective
fabrication using solution deposition and ink-jet printing
methodology. Alternately the devices can be woven from
appropriate materials as disclosed in U.S. patent application
Ser. No. 09/218,233.

[0038] Interface low mobility, contact barrier, space
charge limitation and carrier balancing are incorporated in
the improved devices. These properties tend to increase
efficiency, increase reliability and longevity, reduce a power
loss, and reduce power requirement of LED devices. The use
of true-ohmic contact materials in a light emitting triode
OMESFET configuration is disclosed. This contact material
in the disclosed configuration eliminates ITO commonly
used in prior art devices.

[0039] This increases luminous output, and provides ease
of address and control by the use of integrally fabricated
triode address and control circuitry.

[0040] The above cited references, which are entered into
this disclosure by reference, teach the principles, materials
and means for providing true solid/solid interface Mott-
Gurney, no barrier, true-ohmic contact to n-type semicon-
ducting inorganic and metal-organic compounds, polymers
and copolymers of band gaps greater than 2 eV. These
contacts are embodied in electronic circuitry, EL and other
photonic devices. Again summarizing, the references teach
that a contact made between an n-type semiconductor and a
conductor whose work function is less than the semicon-
ductor band gap, charge exchange occurs to obtain a state of
equilibrium. In the charge exchange process, interface traps
are filled and the conduction band of the semiconductor is
accumulated with electrons. The greater the difference
between the band gap and the work function, the greater the
exchange to achieve equilibrium thereby filling some bulk
traps as well. The net effect is to increase conductivity and
electron mobility of the device. These basic principles are
applied to the present disclosure.

[0041] Two high conductivity contacting metals, each
capable of producing true ohmic contact to semiconductors
and EL semiconductors of band gap greater than 2 eV, are
employed in the present invention. These contact materials
are CuCa.sub.2 with a work function of about 1.6 eV, and
Alsub.2Li.sub.3 with a work function of about 1 eV. CuCa-
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sub.2 adapts readily into the prior art LED processing
environment requiring background pressure of 10.sup.-6
mbar of O.sub.2. As mentioned previously, printing and
other solution deposition processes of Alsub.2Li.sub.3
requires a suitably positive pressure of argon (Ar) both
during the solution formation and the deposition. Polymers
and co-polymers of electroluminescent devices and both
CuCa.sub.2 and Al.sub.2Li.sub.3 require protective coating,
or overall encapsulation, to prevent oxidation. Either CuCa-
sub.2 contacts, or preferably Alsub.2Li.sub.3, contacts

improve LED  operation. SiO.sub.2  pacifies
Alsub.2Lisub.3.
[0042] Prior art LEDs are contact barrier controlled and

operate by tunneling of carriers. In the present invention,
barriers are eliminated and radiative emission is reduced
relative to prior art ITO cathode devices by transforming a
LED structure into a triode having structural characteristics
of an OMESFET including a surrounding Schottky gate that
controls carrier energy and balance. True-ohmic contacts are
formed and inject carriers fill interface and bulk traps. This
increases carrier mobility by a factor approaching 10.sup.4
and space-charge distance by a factor of 40 or more, thereby
allowing more concentration of radiative chain emission and
thus more radiated output.

[0043] The pixel OMESFET embodiment operates in a
short-channel, normally “off”, gate-controlled high-energy
mode, up to and including avalanche, thereby increasing
radiative output and decreasing power required. Details of
MESFET operation is included in standard texts such as a
publication by M. E. Sze, Physics of Semiconductor
Devices, page 322. The OMESFET field has polymer-chain
field orientation, rather than LED cross-chain field, thereby
further improving efficiency and radiative emission by low-
ering non-radiative interchain reaction. The OMESFET’s
surrounding gate enhances carrier balancing.

[0044] Animportant feature of the invention is that carrier
balancing may be “tuned” for a particular polymer or
co-polymer by the positioning of the gate relative to the
cathode. The OMESFET gate electrode provides reduced
cross talk and ease of pixel addressing as compared to
LED’s. OMESFET pixel address and control circuitry are
integrally fabricated with pixel arrays for efficiency and
economy of fabricating display products

DESCRIPTION OF THE DEVICES

[0045] Attention is first directed to FIG. 1 which is a
partial section view of the prior art LED. The structure is
generally denoted by the numeral 10. Starting at the bottom
of the illustration, an organic EL. material 14 contacts an ITO
hole injection barrier contact 12. A low electron barrier
contact is identified at 15 and may be Al, Ca, Mg or
combinations thereof as reviewed by Friend. The resulting
barrier is about 0.2 eV. Components 14 and 15 are encap-
sulated with a polymer encapsulating material 16. The prior
art device is illustrated for background purposes only, and no
claims are made regarding this illustration of the prior art.

[0046] FIG. 2 illustrates a partial section of an improved
LED. The structure is generally denoted by the numeral 20.
The device 20 is an improvement over the prior art device
in function as well as in fabrication. Regarding fabrication,
the device 20 as embodied can be solution deposited or
“printed”, as opposed to prior art deposition and etching
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methods. These techniques significantly reduce fabrication
costs. As an example, an improvement is embodied by first
printing or otherwise depositing organic electroluminescent
material 14 upon a contact 12, followed by an overlay
printing of a true-ohmic contact metal 18, and finally by an
overlay printing of an interconnect metal 17. The true-ohmic
contact metal 18 preferred is one having the largest ratio of
the band gap of the EL. material 14 to the work function of
the contact metal. The preferred contact 18 is
Alsub.2Lisub.3 of work function of about 1 eV. Solution
forming and printing volatile Al.sub.2Li.sub.3 requires the
same oxygen free environment as for layer 14, plus a
suitable positive pressure of Ar. An alternative embodiment
for contact 18 is to print CuCa.sub.2 of work function of
about 1.6 ¢V, which does not require an Ar environment.
Both contact metals result in the previously discusses device
operation and performance specifications. The same oxygen
free environment required for printing of the EL material 14
is used to form solution and printing of CuCa.sub.2. Com-
ponents 14, 17 and 18 are encapsulated with a polymer
material 16 on the contact 12, which is preferably a ITO hole
injection contact 12.

[0047] Attention is next directed to FIG. 3 which is a
partial section of the improved EL device embodied as a
OMESEFET structure used in red, blue and green (R, B and
G) pixels, and also used in pixel address and control
circuitry. The OMESFET is an integral component of a
video display, which is discussed in subsequent sections of
this disclosure. The OMESFET structure is generally
denoted by the numeral 30. The device 30 comprises a
metal-organic or copolymer n-type EL semiconductor 33. A
source true-ohmic contact metal 32 contacts the source end
of the EL semiconductor 33, and a drain true-ohmic contact
metal 37 contacts the drain end of the EL semiconductor 33.
Ahigh work function surrounding gate metal 35 contacts the
EL semiconductor 33 between the source contact metal 32
and the drain contact metal 37. The gate 35 is preferably
fabricated from printed Au or other conductors and having
a barrier to n-type semiconductor 33 of 5 eV or more.
Interconnect metals for source 31, drain 37 and gate 35 are
denoted by 31, 36 and 34, respectively. When the gate 35 is
located equidistant from source 32 and drain 37, the dis-
tances designated 38 and 39 are equal and about 3000
nanometers (nm) each. Some co-polymer semiconductors
may require gate 35 to be closer to source contact 32 for
current balancing. In that instance, neither 38 nor 39 should
exceed 3000 nm, to eliminate space-charge current limita-
tion. Current balancing can thereby be “tuned” by placement
of the gate 35.

[0048] Still referring to FIG. 3, the OMESFET device 30
is operated normally in the “off” mode. The source inter-
connect metal 31 is normally connected to system ground
potential, as shown at 71 in FIG. 7. Gate interconnect metal
34 is operated at a negative potential relative to the source
31. That potential is supplied by address and control logic as
discussed in subsequent sections of this disclosure. The
drain interconnecting metal 36 1s operated at a positive
potential relative to that of source 31 and gate interconnect
34. That potential is also supplied by address and control
logic device illustrated in FIG. 10.

[0049] Attention is next directed to FIG. 4, which is a
partial planar view of the OMESFET shown in sectional
view in FIG. 3. The structure is again denoted by the
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numeral 30. The organic semiconductor 33 is shown
bounded on the left with the true-ohmic contact metal 32 of
the source, and on the right by the true-ohmic contact metal
37 of the drain. The high barrier surround gate conductor 35
is shown positioned on the organic semiconductor 33
approximately midway between the true-ohmic contact met-
als 32 and 37. The interconnect metals 33, 34 and 36 have
been omitted for clarity.

[0050] FIG. 5 shows a partial cross section of the EL
device configured as an OMESFET and further configured
for fabrication using solution deposition and printing tech-
niques. This embodiment of the improved OMESFET is
denoted as a whole by the numeral 50. Organic semicon-
ductor material is deposited upon a substrate 51. True-ohmic
contact metals 53 and 55 are next deposited upon the organic
semiconductor material 33 as elements source and drain
contacts, respectively. Preferably in the same fabrication
step, a high barrier surface gate conductor 34 is deposited
upon the organic semiconductor 33 at a distance 38 from the
true-ohmic contact metal 53 and a distance 39 from the
true-ohmic contact metal 56. Finally, source interconnect
metal 52, drain interconnect metal 55, and gate interconnect
metal 34 are deposited over the elements 53, 56 and 54,
respectfully. The elements must be encapsulated to protect
from oxygen. This encapsulation is not shown for reasons of
clarity.

[0051] FIG. 6 is a partial planar view of the OMESFET
shown in sectional view in FIG. 5. The structure is again
denoted by the numeral 50. The organic semiconductor 33 is
shown bounded on the left with the true-ohmic contact metal
53 of the source, and on the right by the true-ohmic contact
metal 56 of the drain. The high barrier surround gate
conductor 54 is shown positioned on the organic semicon-
ductor 33 approximately midway between the true-ohmic
contact metals 53 and 56. The interconnect metals 52, 34 and
55 have been omitted for clarity.

[0052] FIG. 7is aplanar view of a three pairs of red, green
and blue (RGB) emitting EL OMESFETs configured as a
pixel. Green luminous EL co-polymer 74, blue luminous EL
co-polymer 75, and red luminous EL co-polymer 76' are
deposited upon a transparent substrate and oxygen barrier
79. Common source true-ohmic contact and interconnect
metals are denoted by the numeral 71. Gate electrodes for
redundant green pixel elements, blue pixel elements and red
pixel elements are identified as 72, 76 and 78, respectfully.
Elements 77 and 77 are inter EL co-polymer isolation
dielectric elements. The pixel common drain and true-ohmic
contact and interconnect is shown at 73.

[0053] FIG. 8 is a cross section of a complementary
OMESFET logic device 70. Such a device is suitable for
controlling pixels in a video display as will be illustrated
subsequently. A logic output interconnect metal is shown at
88 contacting high barrier surrounding gates 81 and 85.
Isolating dielectric 84 abuts opposing sides of the logic
output interconnect metal 88. Element 82 is an n-type
semiconductor with a high barrier surrounding gate 81.
Element 83 is a p-type semiconductor with a high barrier
surrounding gate 84. A n-source ohmic contact metal 82' and
cooperating n-drain interconnect metal 82" contact the
n-type semiconductor 82. Likewise, a p-drain ohmic contact
metal 83' and cooperating p-drain interconnect metal 83"
contact the p-type semiconductor 83. A gate metal 87
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contacts the high barrier surrounding gates 85 and 81, the
p-type semiconductor element 83, and the n-type semicon-
ductor element 82. The gate interconnect metal 87 is isolated
from the p-drain interconnect metal 83" and the n-drain
interconnect metal 82" by isolating dielectric material 84

Fabrication by Printing

[0054] The devices of the present disclosure, and more
specifically a color video display device, can be fabricated
by printing elements of the device upon a transparent
substrate in patterns and in a sequence required to fabricate
the device.

[0055] FIG.9 is a conceptual, planar diagram of an ink-jet
printing system 90 filling polymer semiconductor areas in
pattern and sequence to form an EL device. An ink jet 91 is
supplied with appropriate materials for printing a device
from a plurality of reservoirs 98, 98' and 98". It should be
understood that additional or fewer reservoirs can be
employed. Material is fed to the ink jet printer in quantity
and type under the control of a central processor unit (CPU)
95, which is preprogrammed to fabricate a specific device.
The ink jet 91 moves along a path 99 back and forth across
an area 97 of semiconductor material depositing or “writing”
appropriate components until the desired pattern and width
is completed. Movement is controlled by the CPU 95 is
preprogrammed to fabricate a specific type of device. Print-
ing is carried out under a controlled atmosphere until the
device is encapsulated for protection.

[0056] FIG.9 illustrates, as an example, the ink-jet system
90 fabricating a particular portion of a specific device. The
example device will have a potential between source 92 and
drain 94, and a field therebetween controlled by gate 93. The
object of ink-jet printing illustrated is to provide polymer
chains parallel to the field applied to the device thereby
increasing radiative emission, and reducing cross-chain car-
rier movement that seldom contributed to such emission.

[0057] Tt should be emphasized that fabrication of the
devices discussed above by material deposition is not lim-
ited to ink jet printing. Other means of material deposition
may be used such as stamping particular elements in par-
ticular patterns. Furthermore, combinations of material
deposition may be effectively employed. As an example, a
surface of organic semiconducting material can be fabri-
cated by a number of means, and subsequent elements of the
device can be deposited upon the semiconductor by ink-jet
printing, or by stamping, or by other suitable methods.

Fabrication by Weaving

[0058] The devices of the present disclosure, and more
specifically a color video display device, can alternately be
fabricated by weaving or knitting particular inorganic and
organic materials that are formed into fibers. This process is
described in more detail in previously entered reference U.S.
patent application Ser. No. 09/218,233. Polymer fibers,
preferably in the form of thread, are used for EL, and
dielectric isolation. Metals or cermets, preferably in the form
of thread, are used for interconnection conductive polymer.
Constituent fiber dimensions determine the size of the
display device. Fiber width of all materials of the display can
vary from sub-micron to millimeter dimensions. Size of the
overall display is limited by the tensile strength of interwo-
ven dielectric fibers. These fibers bear the stress of the
looming of the display fabric, and are allowed to stretch as
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long as functional integrity is maintained. In weaving,
“woof” refers to threads woven back and forth across fixed
threads of the “warp” in a loom. In the context of the present
disclosure, the length at which fiber strength fails and at
which the fiber breaks determines the maximum dimension
of warp and woof of the weaving loom. Pixel density of the
display is proportional to the EL polymer fiber width, where
the least display area has the highest pixel density. For a
constant pixel density as display area increases, the thick-
ness of the insulating fibers are increased to withstand the
increased warp and woof tensions of the loom, thereby
increasing the overall thickness of the display panel. The
resulting fabric display has an overall area, or number of
displays of a woven batch, limited only by the weaving
loom’s capability and the breaking point of the insulating
fibers used. A full color flat-panel display can be as thin,
front-to-back including encapsulation, of less than one-half
inch. The display retains operational performance with
mechanical flexing.

[0059]

[0060] FIG. 10 is a partial cross section showing an
integrated logic EL device 100 comprising the pixel element
shown in FIG. 3 and the OMESFET logic device shown in
FIG. 8. Material 184 is isolating diclectric material, which
surrounds many elements of the device. Contacts 132, 135
and 137 are source, gate and drain contacts, respectfully,
interfacing an organic semiconductor material 133. Logic
output interconnect metal 188 contains p-source ohmic
contact metal 186 and n-drain contact metal 189. The
elements 183 and 182 are p-type semiconductor material and
n-type semiconductor material, respectively. High barrier
surround gates 185 and 181 contact the elements 183 and
182, respectfully. The elements 183' and 182' are p-drain
ohmic contact metal and n-source ohmic contact metal,
respectfully, and 183" and 182" are p-drain and n-drain
interconnect metals, respectfully. Gate interconnect metal
187 connects the high barrier surrounding gates 185 and
181. The entire device is encapsulated with a suitable
material (not shown) to exclude oxygen.

[0061] Several complementary OMESFETs are required
to accomplish any given logic and control functions and can
be integrally fabricated in layers above and connected to
gate, source and drain terminals 34, 31 and 36, respectfully,
shown in FIG. 3.

[0062] While the foregoing disclosure is directed to
embodiments of the present invention, other and further
embodiments of the invention may be devised without
departing from the basic scope thereof is determined by the
claims that follow.

Integrated Logic Device

What is claimed is:

1. An EL device comprising: (a) an EL material; (b) a
interconnect metal contacting said EL material; (¢) A true-
ohmic injection contact contacting said EL material and said
interconnect metal; and (d) a hole injection barrier contact
which contacts said EL material.

2. The EL device of claim 1 wherein said EL device is
fabricated by printing said EL material and said true-ohmic
injection contact and said interconnect metal and said hole
injection barrier contact in pattern and sequence required to
produce cooperative elements of said EL device.

3. The EL device of claim 2 wherein: (a) said EL material
is first printed upon said hole injection barrier contact; (b)
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said true-ohmic injection contact is next printed upon said
EL material; and (c) said interconnect metal is next printed
upon said EL material and said true ohmic injection contact.

4. The EL device of claim 1 further comprising polymer
encapsulating material which encapsulates said EL material
and said interconnect metal and said true-ohmic injection
contact.

5. The EL device of claim 1 wherein said EL material and
said interconnect metal and said true-ohmic injector contact
are formed into fibers and said fibers organized in a warp and
a woof of a weaving loom and are woven thereby forming
a weave to fabricate said device.

6. The EL device of claim 5 wherein said weave is affixed
to a transparent substrate.

7. The EL device of claim 1 wherein said true-ohmic
contact metal comprises Al.sub.2Li.sub.3.

8. The EL device of claim 1 wherein said true-ohmic
contact metal comprises CuCa.sub.2.

9. The EL device of claim 1 wherein said EL material is
organic.

10. A method for fabricating an EL device comprising the
steps of: (a) providing an EL material; (b) contacting said EL
material with an interconnect metal; (c) contacting said EL
material and said interconnect metal with a true-ohmic
injection contact; and (d) contacting said EL material with a
hole injection barrier contact.

11. The method of claim 10 wherein said EL device is
fabricated by printing in pattern and in sequence required to
produce cooperative elements of said EL device.

12. The method of claim 11 comprising the additional
steps of: (a) first depositing said EL material upon said hole
injection barrier contact; (b) next printing said true-ohmic
injection contact upon said EL material; and (c) next printing
said interconnect metal upon said EL material and said true
ohmic injection contact.

13. The method of claim 10 comprising the additional step
encapsulating said EL material and said interconnect metal
and said true-ohmic injection contact within an oxygen
barrier polymer material.

14. The method of claim 11 comprising the additional step
of printing with an ink jet printer.

15. The method of claim 11 comprising the additional step
of printing within an oxygen free environment.

16. The method of claim 10 comprising the additional
steps of: (a) forming said EL material and said interconnect
metal and said true-ohmie injector contact into fibers; (b)
organizing said fibers in a warp and a woof of a weaving
loom; and (c) weaving said fibers with said loom thereby
forming said EL device.

17. A OMESFET comprising: (a) a substrate; (b) an
organic semiconductor contacting said substrate; (c) a first
true ohmic contact metal contacting said semiconductor and
at a first edge of said semiconductor; (d) a second true ohmic
contact metal contacting said semiconductor at a second
edge of said semiconductor opposite said first edge; and (e)
a high barrier surround gate contacting said semiconductor
between said first true-ohmic contact metal and said second
true-ohmic contact metal.

18. The OMESFET of claim 17 further comprising: (a) a
source interconnect metal contacting said first true-ohmic
contact metal; (b) a drain interconnect metal contacting said
second true-ohmic contact metal; and (c) a gate interconnect
metal contacting said semiconductor and said high barrier
surround gate.

Jan. 19, 2006

19. The OMESFET of claim 17 wherein said high barrier
surround gate is equidistant between said first true-ohmic
contact metal and said second true ohmic contact metal.

20. The OMESFET of claim 17 wherein said is high
barrier surround gate is spaced 3000 nm or less from said
first true ohmic contact metal.

21. The OMESFET of claim 17 wherein a first portion of
said OMESFET is formed by depositing upon said substrate
said semiconductor and subsequently printing said first
true-ohmic contact metal and said second true-ohmic contact
metal and said high barrier surround gate in pattern and
sequence required to produce cooperative elements of said
OMESFET.

22. The OMESFET of claim 21 wherein said source
interconnect metal and said gate interconnect metal and said
drain interconnect metal are subsequently printed upon said
first portion forming a second portion of said OMESFET.

23. The OMESFET of claim 17 wherein said semicon-
ductor and said first true-ohmic contact metal and said
second true ohmic contact metal and said high barrier
surround gate and said source interconnect metal and said
gate interconnect metal and said drain interconnect metal are
formed into fibers and said fibers are organized in a warp and
a woof of a weaving loom and are woven thereby forming
a weave to fabricate said OMESFET.

24. The OMESFET of claim 23 wherein said weave is
subsequently attached to said substrate.

25. The OMESFET of claim 23 wherein said first and said
second portions are encapsulated to all components of said
OMESFET from oxygen.

26. A method for fabricating a OMESFET comprising; (a)
providing a substrate; (b) affixing a semiconductor to said
substrate; (c) affixing a first true ohmic contact metal to a
first edge of said semiconductor; (d) affixing a second true
ohmic contact to a second edge of said semiconductor and
opposite said first edge; and (e) affixing a high barrier
surround gate to said semiconductor between said first
true-ohmic contact metal and said second true-ohmic contact
metal.

27. The method of claim 26 further comprising the steps
of: (a) contacting said first true-ohmic contact metal with a
source interconnect metal; (b) contacting said second true-
ohmic contact metal with a drain interconnect metal; and (c)
contacting said semiconductor and said high barrier sur-
round gate with a gate interconnect metal.

28. The method of claim 26 wherein said is high barrier
surround gate is spaced 3000 nm or less from said first true
ohmic contact metal.

29. The method of claim 26 comprising the additional step
of fabricating a first portion of said OMESFET by depositing
upon said substrate said semiconductor and said first true-
ohmic contact metal and said second true-ohmic contact
metal and said high barrier surround gate in pattern and
sequence required to produce cooperative elements of said
OMESFET.

30. The method of claim 29 comprising the additional step
of fabricating a second portion of said OMESFET by
printing said source interconnect metal and said gate inter-
connect metal and said drain interconnect metal upon said
first portion of said OMESFET in pattern and sequence
required to produce cooperative elements of said OMES-
FET.

31. The method of claim 26 comprising the additional
steps of: (a) forming said semiconductor and said first
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true-ohmic contact metal and said second true ohmic contact
metal and said high barrier surround gate and said source
interconnect metal and said gate interconnect metal and said
drain interconnect metal into fibers; (b) organizing said
fibers in a warp and a woof of a weaving loom; and (c)
weaving said fibers with said loom thereby forming a weave
to fabricate said OMESFET.

32. The method of claim 31 comprising the additional step
of affixing said weave to said substrate.

33. The method of claim 26 comprising the additional step
of encapsulating all components of said OMESFET to
exclude oxygen.

34. A video display comprising an EL device and inte-
grally fabricated address and logic devices for controlling
said EL device, wherein said EL device comprises: (a) an EL
material; (b) a interconnect metal contacting said EL mate-
rial; (c) A true-ohmic injection contact contacting said EL
material and said interconnect metal; and (d) a hole injection
barrier contact which contacts said EL material.

35. The display of claim 34 wherein said EL device
comprises at least one OMESFET comprising: (a) a sub-
strate; (b) an organic semiconductor contacting said sub-
strate; (c) a first true ohmic contact metal contacting said
semiconductor and at a first edge of said semiconductor; (d)
a second true ohmic contact metal contacting said semicon-
ductor at a second edge of said semiconductor opposite said
first edge; () a high barrier surround gate contacting said
semiconductor between said first true-ohmic contact metal
and said second true-ohmic contact metal; (f) a source
interconnect metal contacting said first true-ohmic contact
metal; (g) a drain interconnect metal contacting said second
true-ohmic contact metal; and (h) a gate interconnect metal
contacting said semiconductor and said high barrier sur-
round gate.

36. The display of claim 34 further comprising: (2) an
optically transparent substrate; and wherein (b) said display
is fabricated by printing semiconductor elements of said
display and insulating elements of said display and metal
conducting elements of said display upon said substrate in
pattern and sequence required to produce cooperative ele-
ments of said display.

37. The display of claim 34 wherein: (a) semiconductor
elements of said display are formed from semiconductor
fibers, and insulating elements of said display are formed
from insulating fibers, and metal conducting elements of
said display are formed from conducting fibers; (b) said
semiconducting fibers and said conducting fibers and said
insulating fibers are organized in a warp and a woof of a
weaving loom; and (c) said semiconducting fibers and said
conducting fibers and said insulating fibers are woven in said
loom to produce said video display.

38. The display of claim 35 wherein said EL device
comprises three pairs of red, blue and green emitting OMES-
FETs.
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39. A method for fabricating a video display comprising
an EL device and integrally fabricated address and logic
devices for controlling said EL device, the method compris-
ing the steps of: (a) providing an organic EL material; (b)
interconnecting a metal contacting said EL material; (c)
contacting said EL material and said interconnect metal with
a true-ohmic injection contact; and (d) contacting said EL
material with a hole injection barrier.

40. The method of claim 39 wherein said EL device
comprises at least one OMESFET comprising: (a) a sub-
strate; (b) an organic semiconductor contacting said sub-
strate; (c) a first true ohmic contact metal contacting said
semiconductor and at a first edge of said semiconductor; (d)
a second true ohmic contact metal contacting said semicon-
ductor at a second edge of said semiconductor opposite said
first edge; (e) a high barrier surround gate contacting said
semiconductor between said first true-ohmic contact metal
and said second true-ohmic contact metal; (f) a source
interconnect metal contacting said first true-ohmic contact
metal; (g) a drain interconnect metal contacting said second
true-ohmic contact metal; and (h) a gate interconnect metal
contacting said semiconductor and said high barrier sur-
round gate.

41. The method of claim 39 further comprising the steps
of: (a) providing an optically transparent substrate; (b)
depositing said organic EL material upon said substrate; and
wherein (c) fabricating said display by printing insulating
elements of said display and metal conducting elements of
said display upon said substrate in pattern and sequence
required to produce cooperative elements of said display.

42. The method of claim 39 comprising the additional
steps of: (a) forming semiconductor elements of said display
from semiconductor fibers, and forming insulating elements
of said display from insulating fibers, and forming metal
conducting elements of said display from conducting fibers;
(b) organizing said semiconducting fibers and said conduct-
ing fibers and said insulating fibers in a warp and a woof of
a weaving loom; and (c) weaving said semiconducting fibers
and said conducting fibers and said insulating fibers in said
loom to produce said video display.

43. The method of claim 40 wherein said EL device
comprises three pairs of red, blue and green emitting OMES-
FETs.

44. The OMESFET of claim 17 wherein said high barrier
surround gate is positioned at a distance from said first
true-ohmic contact metal to tune carrier balance.

45. The method of claim 26 comprising the additional step
of tuning carrier balance by varying distance between said
high barrier surround gate and said first true-ohmic contact
metal.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RAAN
IPCH %S

CPCH¥S

H AT SOk
S\EREERE

BEX)

NI T EBERZ B B AR BB KR TR, BHEIE
Btk , EMRE  ZRSEHRAMBRFENBRALIR , UREEE
HME  IRMENED. BETRSHR[EMNERER, ERBEAM
MR AR TFIHRIEHEIN R BN =MEMESFETEE , HERTERN
ITO, \igN T Fett | B BAFIERN EAMMESFET ih ik K2 & &
BRMT ST ISu MRS, XERE LIRS R S 4mEAE WA RR
g, HETUEBEAEEE REE.

patsnap

BB AR MR RER A B R S Ym 4 1 A B & 9 3t 41k K2 BB 2R 4

US20060012294A1 NI (»&E)B 2006-01-19
US11/072643 RiEH 2005-03-07
CHRISTENSEN ALTON@SR
CHRISTENSEN ALTON@SR

XylonZA BJLLC

CHRISTENSEN ALTON O SR

CHRISTENSEN, ALTON O. SR.

H05B33/00 HO1L33/00 HO1L51/00 HO1J1/62 HO1L27/32 HO1L29/76 HO1L51/10 HO1L51/52 HO5B33/14

HO1L27/308 HO1L27/32 HO1L27/3211 HO1L51/0508 HO1L51/0512 Y10S428/917 HO1L51/105 HO1L51
/5203 HO1L51/5287 HO1L51/5296 HO1L51/102 HO1L27/3216 HO1L27/3218

US7611393

Espacenet USPTO

T

=< T



https://share-analytics.zhihuiya.com/view/1b2a9e84-5b28-4ea6-9320-c05b61b99d70
https://worldwide.espacenet.com/patent/search/family/025238276/publication/US2006012294A1?q=US2006012294A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220060012294%22.PGNR.&OS=DN/20060012294&RS=DN/20060012294

