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(57) ABSTRACT 

An electronically active sheet includes a bottom substrate 
having a bottom electrically conductive Surface. A top 
Substrate having a top electrically conductive Surface is 
disposed facing the bottom electrically conductive Surface. 
An electrical insulator separates the bottom electrically 
conductive surface from the top electrically conductive 
surface. At least one bare die electronic element is provided 
having a top conductive side and a bottom conductive side. 
Each bare die electronic element is disposed so that the top 
conductive side is in electrical communication with the top 
electrically conductive surface and so that the bottom con 
ductive side is in electrical communication with the bottom 
electrically conductive surface. 
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SOLID STATE LIGHT SHEET AND 
ENCAPSULATED BARE DE SEMCONDUCTOR 

CIRCUITS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part applica 
tion of U.S. Utility application Ser. No. 11/454,479, entitled 
Solid State Light Sheet and Bare Die Semiconductor Cir 
cuits with Series Connected Bare Die Circuit Elements, 
which is a continuation-in-part application of U.S. Utility 
application Ser. No. 11/029,129, entitled Roll-to-Roll Fab 
ricated Light Sheet and Encapsulated Semiconductor Circuit 
Devices filed Jan. 4, 2004, and U.S. Utility application Ser. 
No. 11/029,137, entitled Roll-to-Roll Fabricated Light Sheet 
and Encapsulated Semiconductor Circuit Devices filed Jan. 
4, 2004, both of which are continuation-in-part applications 
of U.S. Utility application Ser. No. 10/919,830, entitled 
Light Active Sheet And Methods For Making The Same, 
filed Aug. 17, 2004, now U.S. Pat. No. 7,052.924, issued 
May 30, 2006, and which is a U.S. Utility application of U.S. 
Provisional Application Ser. No. 60/556.959, filed Mar. 29, 
2004. 

BACKGROUND OF THE INVENTION 

0002 The present invention pertains to bare die semi 
conductor roll-to-roll and batch manufacturing methods and 
devices. More particularly, the present invention pertains to 
an inorganic light emitting diode light sheet that can be used 
as a photo-radiation source for applications including, but 
not limited to, general illumination, architectural lighting, 
novelty lighting, display backlighting, heads-up displays, 
commercial and roadway signage, monochromatic and full 
color static and video displays, a radiation-source for photo 
curable materials, patterned light emissive images, scrolling 
displays, friend or foe identification, and the like. Further, 
the present invention pertains more particularly to an inor 
ganic light active sheet that can be used as a light-to-energy 
device for converting photo-radiation to electrical energy for 
applications including, but not limited to, Solar panels, 
CCD-type cameras, photo-sensors, and the like. Further, the 
present invention pertains more particularly, to methods for 
mass-producing the inventive light active sheet at relatively 
low cost. 

0003 Inorganic light emitting diodes (LED) are based on 
elements of the periodic table of a vast variety. They come 
out of semiconductor technology, and indeed, a semicon 
ductor diode Such as a silicon diode, or a germanium diode 
were among the first semiconductor devices. These were 
made by doping the silicon or the germanium with a small 
amount of impurity to make n-type (excess electrons) or 
p-type (excess holes) in the material. LEDs emit light 
because of the materials selected so that the light is emitted 
in the ultra-violet, visible, or infrared ranges of the spectrum. 
The types of materials used are made from vapor deposition 
of materials on semiconductor wafers and cut into dice (a 
single one is a die). Typically, the die, or LED dice, are about 
12 mill sq. The composition of the dice depends on the color, 
for example some red dice are AlInGaAs and some blue dice 
are InGaN. The variations are typically “three-five' varia 
tions, so-called because they vary based on the third and fifth 
period of the periodic table to provide the n- and p-type 
materials. 
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0004 The conversion of an LED die into an LED lamp is 
a costly process, involving very precise handling and place 
ment of the tiny LED die. The LED dice are most simply 
prepared as 3 mm LED lamps. The die is robotically placed 
in a split cup with electrodes on each side. The entire 
structure is encased in a plastic lens that attempts to focus 
the beam more narrowly. High brightness dice may also be 
Surface mounted with current-driving and Voltage limiting 
circuits, and elaborate heat sink and heat removal schemes. 
Connection is by soldering or solderless ultrasonic wire 
bond methods. The result is a discrete point source of light. 
The LED lamp has a pair of leads, which can then be 
soldered to a printed circuit board. The cost of forming the 
lamp and then soldering the lamp to a printed circuit board 
is a relatively expensive process. Accordingly, there is a 
need to reduce the cost of forming a light emitting device 
based on the LED die. 

0005. As an example application of LED lamps, it has 
recently been shown that ultraviolet LED lamps can be used 
to cure photo-polymerizable organic materials (see, for 
example, Loctite.R. 7700 Hand Held LED Light Source, 
Henkel-Loctite Corporation, Rocky Hill, Conn.). 
0006 Photo-polymerizable organic materials are well 
known and are used for applications such as adhesives, 
binders and product manufacturing. Photo-polymerization 
occurs in monomer and polymer materials by the cross 
linking of polymeric material. Typically, these materials are 
polymerized using radiation emitted from Sources of light 
including intensity flood systems, high intensity wands, 
chambers, conveyors and unshielded light sources. 
0007 As an example use of photo-polymerizable organic 
materials, precision optical bonding and mounting of glass, 
plastics and fiber optics can be obtained with photo-poly 
merizable adhesives. These materials can be used for opto 
mechanical assembly, fiber optic bonding and splicing, lens 
bonding and the attachment of ceramic, glass, quartz, metal 
and plastic components. 
0008 Among the drawbacks of the conventional systems 
that utilize photo-polymerizable organic materials is the 
requirement of a high intensity photo-radiation Source. Typi 
cally, light Sources, such as mercury vapor lamps, have been 
used to generate the radiation needed for photo-polymeriza 
tion. However, these light sources are an inefficient radiation 
Source because most of the energy put in to drive the lamp 
is wasted as heat. This heat must be removed from the 
system, increasing the overall bulk and cost. Also, the lamps 
have relatively short service life-times, typically around 
1000 hours, and are very costly to replace. The light that is 
output from these light sources usually covers a much 
broader spectrum than the photo-radiation wavelengths that 
are needed for photo-polymerization. Much of the light 
output is wasted. Also, although the material can be formu 
lated to be hardened at other wavelengths, the typical 
photo-polymerizable organic material is hardened at one of 
the peak output wavelengths of the mercury vapor lamp, to 
increase the polymerization efficiency. This peak output 
wavelength is in the UV region of the radiation spectrum. 
This UV radiation is harmful to humans, and additional 
shielding and protective precautions such as UV-filtering 
goggles are needed to protect the operators of Such equip 
ment. 

0009 FIG. 66 is a side view of an inorganic LED die 
available. A conventional inorganic LED die is available 
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from many manufacturers, typically has a relatively narrow 
radiation emission spectrum, is relatively energy efficient, 
has a long service life and is solid-state and durable. The die 
shown is an example of an AlGaAs/AlGaAs red die, 
obtained from Tyntek Corporation, Taiwan. These dice have 
dimensions roughly 12 milx12 milx8 mil, making them very 
small point light sources. As shown in FIG. 67, in a 
conventional LED lamp, this die is held in a metal cup so 
that one electrode of the die (e.g., the anode) is in contact 
with the base of the cup. The metal cup is part of an anode 
lead. The other electrode of the die (e.g., the cathode) has a 
very thin wire soldered or wire bonded to it, with the other 
end of the wire soldered or wire bonded to an anode lead. 
The cup, die, wire and portions of the anode and cathode 
leads are encased in a plastic lens with the anode and 
cathode leads protruding from the lens base. These leads are 
typically solder or wire bonded to a circuit board to selec 
tively provide power to the die and cause it to emit light. It 
is very difficult to manufacture these conventional lamps due 
to the very small size of the die, and the need to solder or 
wire bond such a small wire to such a small die electrode. 
Further, the plastic lens material is a poor heat conductor and 
the cup provides little heat sink capacity. As the die heats up 
its efficiency is reduced, limiting the service conditions, 
power efficiency and light output potential of the lamp. The 
bulkiness of the plastic lens material and the need to solder 
or wire bond the lamp leads to an electrical power source 
limits emissive source packing density and the potential 
output intensity per Surface area. 
0010. There is a need for a photo-radiation source that is 
energy efficient, generates less heat, is low cost and that has 
a narrow, broad and/or variable spectrum of radiation emis 
sion wavelength and intensity. A typical LED consists of a 
sub-millimeter sized die of light emitting material that is 
electrically connected to an anode lead and a cathode lead. 
The die is encased within a plastic lens material. However, 
the processing that takes the LED dice and turns it into an 
LED lamp is tedious and sophisticated, mostly due to the 
very small size of the LED die. It is very difficult to solder 
or wire bond directly to the dice, and so it is common 
practice to use LED lamps that are then solder or wire 
bonded onto a circuit board. Conventionally, LED lamps 
have been solder or wire bonded onto a circuit board in a 
formation to create a source of photo-radiation for photo 
polymerizable organic materials. 

0011. This solution is far from optimum, since the rela 
tively high cost of the LED lamps keeps the overall cost of 
the photo-radiation Source high. There is a need for a 
photo-radiation source that can use the LED dice directly, 
without the need for the lamp construction or a direct solder 
or wire bonded connection between the anode and cathode 
of the die. Such a system would have an efficient die packing 
density, enabling a high-intensity photo-radiation Source 
having a narrow emission band. 
0012 Wantanabe et al., published patent application 
US2004/0195576A1, teaches a device and method for form 
ing a transparent electrode over the light-emitting portion of 
an LED die. This reference is concerned with overcoming 
the difficulty of forming an electrode accurately at the light 
output surface of a minute LED device (10 square microns). 
A conventional LED is 300 square microns. The reference 
states that forming a transparent electrode on a semiconduc 
tor device so as not to shield emitted light is already known. 
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The crux of the Wantanabe invention is to form a transparent 
electrode directly and specifically over the light output face 
of a tiny LED device, or an array of such devices, instead of 
the conventional bonding or soldering of an opaque wire to 
connect the LED device to a power supply line or lead. To 
form the transparent electrode on Such a small device, this 
reference teaches the use of semiconductor and/or printed 
circuit board techniques. 
0013 An example of the steps of forming the Wantanabe 
device consist of: 

1) Providing a substrate 
2) Forming p-side wiring on the Substrate 
3) Transferring a light emitting diode onto the Substrate so 
the p side of the diode is connected to the wiring 
4) Forming an insulation resin layer to cover the Substrate, 
wiring and diode 
5) Selectively removing the insulation resin to expose the 
n-side surfaces of the diode 

6) Forming n-side wiring on the Surface of the insulation 
resin 

7) Forming a transparent electrode connecting the n-side of 
the diode to the n-side wiring 
0014. The steps for forming the transparent electrode are: 
7a) Forming a resist film to cover the insulation resin and the 
exposed n-side Surfaces 
7b) Selectively removing the resist layer to form an opening 
portion defining the light output Surface of the diode and the 
n-side wiring 
7c) Applying an electrode paste to the opening portion and 
the resist film 

7d) Removing the electrode paste from the resist film to 
leave electrode paste only where the opening portion is so 
that the light output surface of the diode and the n-side 
wiring are connected. 
0015 There are variations disclosed to the various steps 
and materials used, but in essence, the same cumbersome 
PCB-type processes are described in each of the examples. 
This reference shows that it is known to form a transparent 
electrode using PCB techniques on the light output surface 
of a diode to reduce the shielding of light emitted from the 
diode. But, replacing the conventionally-used opaque wire 
with a transparent electrode film is not new and is in the 
public domain (see, Lawrence et al., U.S. Pat. No. 4,495, 
514). 
0016 Oberman, U.S. Pat. No. 5,925,897, teaches using a 
diode powder between conductive contacts, forming a con 
ductor/emissive layer/conductor device structure. The diode 
powder consists of crystal particles 10-100 microns in size. 
The diode powder is formed by heating a mixture of In and 
Ga in a crucible and flowing nitrogen gas over the heated 
mixture. This powder now contains all n-type material. The 
powder is adhered to a glass plate that is coated with an 
appropriate contact metal. A p-type dopant is diffused into 
the powder crystals to form a p-region and the p-n diode 
junction. A top Substrate with a transparent conductive 
Surface is placed on the powder and the entire structure 
thermally annealed to enhance the adhesion of the powder to 
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the upper contact. Oberman states that the conventional 
LED is typically fabricated by connecting electrical contacts 
to the p and n regions of individual dies, and enclosing the 
entire LED die in a plastic package. Oberman's diode 
powder is specifically based on an observation that Surfaces, 
interfaces and dislocations appear to not adversely affect the 
light emitting properties of III-V nitrides. This reference 
says that the state-of-the-art nitride LED is grown on a 
Sapphire Substrate, and since Sapphire is non-conducting, 
both electrical contacts are made from the top of the struc 
ture. 

0017 Wickenden et al., U.S. Pat. No. 4,335,501, teaches 
a method for manufacturing a monolithic LED array. The 
individual LEDs are formed by cutting isolation channels 
through a slice of n-type material. The channels are cut in 
two steps, a first step is cutting a gap into the back of the 
slice of n-type material and then this gap is filled with glass. 
Then, in a second step the front of the slice is cut to complete 
the channel and the front cut is also filled with glass. Once 
the isolation channels have been formed, the tops of the 
remaining blocks of n-type material are doped to become 
p-type and the n-pjunction of each LED formed. Beam leads 
are formed connecting the p-regions of the LEDs. 

0018) Nath, et al., WO92/06144 and U.S. Pat. No. 5,273, 
608, teaches a method for laminating thin film photovoltaic 
devices with a protective sheet. The method provides the 
encapsulation of thin-film devices such as flexible solar cells 
within a top insulating substrate and a bottom insulating 
substrate. Nath's description of the relevant prior art shows 
that encapsulating thin film devices between insulating 
sheets is not new. This reference teaches that the use of a 
heated roller is undesirable. Nath's invention is to a specific 
method that heats a whole roll of composite material all at 
once to avoid the use of heated rollers. Nath teaches a new 
method for protecting and encapsulating thin film devices. 
Encapsulating thin film devices between insulating sheets is 
not new, but Nath teaches a specific method that avoids the 
use of heated rollers. 

SUMMARY OF THE INVENTION 

0019. The present invention is intended to overcome the 
drawbacks of the prior art. It is an object of the present 
invention to provide methods for manufacturing Solid-state 
light active devices. It is another object of the present 
invention to provide device structures for solid-state light 
active devices. It is yet another object of the present inven 
tion to provide a method of making a light sheet material. It 
is yet another object of the present invention to provide a 
method of manufacturing an encapsulated semiconductor 
circuit using a roll-to-roll fabrication process. It is yet 
another object of the present invention to provide a flat panel 
(e.g. LCD) display back light. It is yet another object of the 
present invention to provide a solid state general illumina 
tion source. It is yet another object of the present invention 
to provide a thin, flexible, durable, addressable display. It is 
yet another object of the present invention to provide a thin, 
flexible, durable, solid state bare die electronic circuit. 

0020. An electronically active sheet includes a bottom 
Substrate having a bottom electrically conductive surface. A 
top Substrate having a top electrically conductive surface is 
disposed facing the bottom electrically conductive surface. 
An electrical insulator separates the bottom electrically 
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conductive surface from the top electrically conductive 
surface. At least one bare die electronic element is provided 
having a top conductive side and a bottom conductive side. 
Each bare die electronic element is disposed so that the top 
conductive side is in electrical communication with the top 
electrically conductive surface and so that the bottom con 
ductive side is in electrical communication with the bottom 
electrically conductive surface. 
0021. The electrical insulator may comprise a hotmelt 
adhesive. Each bare die electronic element is embedded in 
the hot melt electrical insulator with the top conductive side 
and the bottom conductive side left uncovered by the 
electrical insulator. The electrical insulator binds the top 
substrate to the bottom substrate with the top conductive 
side of the bare die electronic element in electrical commu 
nication with the top electrically conductive pattern of the 
top substrate, and so that the bottom conductive side of the 
bare die electronic element is in electrical communication 
with the bottom conductive pattern of the bottom substrate. 
At least one electronic element may comprise a solid State 
semiconductor light emitting diode bare die. 
0022. The bare die electronic element can include a first 
conductor and a second conductor both disposed on either 
the top conductive side and the bottom conductive side, and 
wherein said bare die electronic element is disposed so that 
the first conductor and the second conductor are in electrical 
communication with respective wiring lines formed on 
either the top substrate and the bottom substrate. 
0023 The bare die electronic element may be plurality of 
individual bare die LED elements. The bottom electrically 
conductive Surface and the top electrically conductive Sur 
face are formed as a respective X and y wiring grid for 
selectively addressing the individual bare die LED elements 
for forming a display. 
0024. A phosphor or other re-emitter can be provided in 
or on at least one of the top substrate and the bottom 
substrate (or adjacent thereto), or formed in the electrical 
insulator. The phosphor or other re-emitter is optically 
stimulated by a radiation emission of a first wavelength from 
the light active semiconductor element to emit light of a 
second wavelength. Alternatively, the phosphor can be dis 
posed between the top and bottom conductive surfaces and 
electrically stimulated to emit light. In this construction 
electronic circuit elements, such as LED bare die, can be 
incorporated into a light sheet integrally formed with an 
electroluminescent (EL) phosphor light element. 
0025. In accordance with the present invention, a bare die 
semiconductor electronic circuit is provided comprising a 
first Substrate having a bottom side surface having at least a 
first and a second conductive line. A second Substrate is 
disposed adjacent to the first substrate. The second substrate 
has a top side Surface having a third conductive line. At least 
one bare die semiconductor electronic circuit element hav 
ing a first electrode and a second electrode disposed on an 
obverse side and a third electrode disposed on a reverse side 
is provided. An adhesive adheres the first substrate to the 
second substrate and binds the bare die semiconductor 
electronic circuit element to the first substrate and to the 
second substrate. The adhesive maintains the first electrode 
in electrical communication with the first conductive line, 
the second electrode in electrical communication with the 
second conductive line, and the third electrode is in electri 
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cal communication with the third conductive line. At least 
one of the first and the second substrate may be a flexible 
plastic sheet, such as PET, PEN, Kapton, polycarbonate, 
vinyl, and the like. At least one of the first, second and third 
wiring line can be formed from a printed conductive ink, 
Such as through silk screen, inkjet, gravure, donor sheet, 
electrostatic or other printing methods. Alternatively, the 
conductive lines can be formed by etching. The adhesive 
may be at least one of a hot melt and thermosetting adhesive. 
Alternatively, the adhesive may be at least one of a thermally 
active adhesive, a catalyst active adhesive, a solvent evapo 
ration active adhesive and a radiation active adhesive. 

0026. In accordance with the present invention, a first 
Substrate is provided having bottom side Surface having at 
least a first and a second conductive line. A bare die 
semiconductor electronic circuit element is provided having 
a first electrode and a second electrode disposed on an 
obverse side. An adhesive encapsulates and adheres the bare 
die semiconductor electronic circuit element to the first 
substrate so that the first electrode is in electrical commu 
nication with the first conductive line and the second elec 
trode is in electrical communication with the second con 
ductive line. A second Substrate can be disposed adjacent to 
the first substrate and bound to the first substrate by the 
adhesive. 

0027. The second substrate can include a top side surface 
having a third conductive line. The bare die semiconductor 
electronic circuit element includes a third electrode disposed 
on its reverse side. The adhesive encapsulates and adheres 
the bare die semiconductor electronic circuit element to the 
second substrate so that said third electrode is in electrical 
communication with the third conductive line. 

0028. An electrically conductive through-hole can be 
disposed in either the first substrate and/or the second 
Substrate for electrically connecting the bare die semicon 
ductor electronic circuit element to a conductive element 
disposed on a top side Surface of the first Substrate and/or on 
a bottom side surface of the second substrate. 

0029. A second bare die semiconductor electronic circuit 
element can be provided having at least one electrode. The 
adhesive encapsulates and adheres the second bare die 
semiconductor electronic circuit element to the first sub 
strate so that the electrode of the second bare die semicon 
ductor electronic circuit element is in electrical communi 
cation with at least one of the first electrode and the second 
electrode through the respective first and second conductive 
line. 

0030. In accordance with another aspect of the invention, 
an ultra-thin electronically active sheet is provided. At least 
one bare die electronic element is embedded in an electrical 
insulator. The bare die electronic element has at least a first 
conductive feature and a second conductive feature left 
uncovered by the electrical insulator. A first conductive 
structure disposed on the electrical insulator is electrically 
connected to the first conductive feature. A second conduc 
tive structure disposed on the electrical insulator and elec 
trically connected with the second conductive feature. 
0031. An active and passive radiation emitting device for 
identifying personnel, locations or goods includes a first 
Substrate having a first conductive surface. A pattern of 
active radiation emitting semiconductor elements are in 
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electrical communication with the conductive surface so that 
when the conductive Surface is energized the radiation 
emitting semiconductor elements emit radiation of at least a 
first wavelength. A second Substrate is provided and an 
adhesive encapsulates and adheres the bare radiation emit 
ting semiconductor elements to the first Substrate and secur 
ing the second substrate to the first substrate. At least one of 
a passive radiation reflecting Surface and an active thermal 
radiation source are fixed to at least one the first substrate 
and the second Substrate. The passive radiation reflecting 
Surface reflects radiation from an external radiation Source 
and the active thermal radiation source provides a detectable 
thermal or far IR emission. 

0032. A light emitting device includes a first bottom 
Substrate having an electrically conductive Surface. A second 
bottom Substrate having an electrically conductive Surface is 
provided adjacent to but electrically isolated from the first 
bottom substrate. A first bare die light emitting diode device 
having a top p junction conductor and a bottom njunction 
conductor is provided in electrical communication with the 
electrically conductive surface of the first bottom conductor. 
A second bare die light emitting diode device having a top 
njunction conductor and a bottom p junction conductor is 
provided in electrical communication with the electrically 
conductive surface of the second bottom conductor. The p/n 
junctions of the diodes may be reversed. A top Substrate has 
a conductive Surface in electrical communication with both 
the top p junction conductor of the first bare die light 
emitting diode device and the top njunction conductor of the 
second bare die light emitting diode device. The electrically 
conductive surface of the top substrate is effective for 
putting the first bare die light emitting diode device and the 
second bare die light emitting diode device into a series 
electrical connection. 

0033. The electrically conductive surface can be pro 
vided with a predetermined resistance value effective to 
create the equivalent of a ballast resistor within a desired 
resistance range in series with the first bare die light emitting 
diode device and the second bare die light emitting diode 
device. This equivalent ballast resistor enables the bare die 
light emitting diode devices to be driven at a desired current 
level for a given Voltage applied to the first and the second 
bottom substrates. The equivalent ballast resistor can be 
adjusted, through the selection of materials or geometry, so 
that the first and the second bare die light emitting diode 
devices can be connected in series even if they do not have 
the same electrical characteristics. 

0034 Subsequent bottom substrates and top substrates 
can be provided so that multiple series devices are con 
nected. Depending on the chosen materials, geometry and 
LED bare die chips, an AC driven variable intensity, variable 
color 110V (or 220V) source lighting device can be pro 
vided. Other Voltages and wavelength emissions are also 
possible using this inventive construction. 

0035) A light emitting device, comprising a first bottom 
Substrate having an electrically conductive Surface. A second 
bottom Substrate is provided having an electrically conduc 
tive surface. A first bare die light emitting diode device 
having a top p junction conductor and a bottom njunction 
conductor is provided. The bottom njunction conductor is in 
electrical communication with the electrically conductive 
surface of the first bottom conductor. A second bare die light 
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emitting diode device is provided having a top in junction 
conductor and a bottom p junction conductor. The bottom p 
junction conductor is in electrical communication with the 
electrically conductive surface of the second bottom con 
ductor. A top Substrate having a conductive surface is 
provided with the conductive surface in electrical commu 
nication with both the top p junction conductor of the first 
bare die light emitting diode device and the top n junction 
conductor of the second bare die light emitting diode device. 
The electrically conductive surface of the top substrate 
completes an electrical circuit with the first bare die light 
emitting diode device and the second bare die light emitting 
diode device in a series electrical connection. When a 
voltage of the correct polarity is applied to the first and the 
second bottom Substrates, the light emitting diodes light up. 
When a voltage of opposite polarity is applied to the first and 
second bottom Substrates, the series connected light emitting 
diode block electron flow. Other circuit elements can also be 
connected in parallel or series with the bare die light 
emitting diodes. 

0036) The electrically conductive surface of at least the 
first bottom substrate, the second bottom substrate and the 
top substrate has a predetermined resistance value effective 
to create a ballast resistor in series with the first bare die light 
emitting diode device and the second bare die light emitting 
diode device. In accordance with this aspect of the present 
invention, conventionally required discrete resistors are not 
needed. By selecting the proper materials, it is thus possible 
to create a light emitting device that can be connected to a 
predetermined Voltage source, such as a 12 volt system of an 
automobile, truck or boat. 

0037. At least one subsequent bottom substrate can be 
provided having Subsequent electrically conductive Surface. 
Subsequent bare die light emitting diodes can be provided 
with opposite polarities in electrical communication with the 
Subsequent electrically conductive Surface. At least one 
Subsequent top Substrate having a Subsequent top conductive 
Surface in electrical communication with the Subsequent 
bare die light emitting diodes is provided so that the sub 
sequent bare die light emitting diodes are connected in 
S1’S. 

0038) Opposite polarity bare die light emitting diode 
devices can be electrically connected in respective opposite 
polarity to and along with the first bare die light emitting 
diode device and the second bare die light emitting diode 
device to form a light emitting device that emits light when 
driven with an AC voltage. 

0039. An adhesive adheres the top substrate to the first 
bottom substrate and to the second bottom substrate. The 
adhesive also encapsulating the first bare die light emitting 
diode device and the second bare die light emitting diode 
device. The adhesive adheres the first bare die light emitting 
diode device to the first bottom substrate and to the top 
Substrate while maintaining the electrical communication 
between the top p junction conductor of the first bare die 
light emitting diode device to the conductive surface of the 
first bottom substrate. The adhesive also maintains the 
electrical communication between the bottom in junction 
conductor of the first bare die light emitting diode device to 
the conductive surface of the top substrate. The adhesive 
adheres the second bare die light emitting diode device to the 
second bottom substrate and to the top substrate while 
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maintaining the electrical communication between the bot 
tom p junction conductor of the second bare die light 
emitting diode device to the conductive surface of the 
second bottom Substrate. The adhesive also maintaining the 
electrical communication between the top in junction con 
ductor of the second bare die light emitting diode device to 
the conductive surface of the top substrate. The adhesive 
may comprise at least one of a thermally active adhesive, a 
catalyst active adhesive, a solvent evaporation active adhe 
sive and a radiation active adhesive. 

0040. The first and the second bare die light emitting 
diode devices are embedded in the adhesive with respective 
top conductive side and the bottom conductive side left at 
least partially uncovered by the adhesive. This allows the 
adhesive to bind the first bottom substrate and the second 
bottom substrate to the top substrate with the first and the 
second bare die light emitting diode devices in electrical 
communication with the respective conductive Surfaces. 
0041. A bare die semiconductor circuit includes a first 
Substrate having an electrically conductive Surface. A second 
Substrate is provided having an electrically conductive Sur 
face. A first bare die semiconductor circuit element has a first 
conductor and a second conductor. The second conductor of 
the first bare die semiconductor circuit element is in elec 
trical communication with the electrically conductive Sur 
face of the first substrate. A second bare die semiconductor 
circuit element has a first conductor and a second conductor. 
The second conductor of the second bare die semiconductor 
circuit element is in electrical communication with the 
electrically conductive surface of the second substrate. A 
series connecting Substrate has a conductive Surface. The 
conductive Surface of the series connecting Substrate is in 
electrical communication with both the first conductor of the 
first bare die semiconductor circuit element and the first 
conductor of the second bare die semiconductor circuit 
element. The electrically conductive surface of the series 
connecting substrate is effective for putting the first bare die 
semiconductor circuit element and the second bare die 
semiconductor circuit element into a series electrical con 
nection. 

0042. The present invention pertains to a solid state light 
emitting device having series connected bare die light emit 
ting diode devices for forming a higher Voltage light emit 
ting device. A first Substrate is provided having an electri 
cally conductive Surface. A second Substrate also has an 
electrically conductive surface. A first bare die light emitting 
diode device is provided having a first junction of a first 
polarity and a second junction of a second polarity. The 
second junction of the first bare die light emitting diode 
device is in electrical communication with the electrically 
conductive surface of the first substrate. A second bare die 
light emitting diode device is provided having a first junc 
tion of the second polarity and a second junction of the first 
polarity. The second junction of the second bare die light 
emitting diode device is in electrical communication with 
the electrically conductive surface of the second substrate. A 
series connecting Substrate is provided having a conductive 
Surface. The conductive Surface of the series connecting 
substrate is in electrical communication with both the first 
junction of the first bare die light emitting diode device and 
the first junction of the second bare die light emitting diode 
device. The electrically conductive surface of the series 
connecting Substrate being effective for putting the first bare 
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die light emitting diode device and the second bare die light 
emitting diode device into a series electrical connection. 
0043. The present invention pertains to a method of 
making a light active sheet. A bottom Substrate having an 
electrically conductive surface is provided. A hotmelt adhe 
sive sheet is provided. Light active semiconductor elements, 
such as LED die, are embedded in the hotmelt adhesive 
sheet. The LED die each has a top electrode and a bottom 
electrode. A top transparent Substrate is provided having a 
transparent conductive layer. The hotmelt adhesive sheet 
with the embedded LED die is inserted between the elec 
trically conductive surface and the transparent conductive 
layer to form a lamination. The lamination is run through a 
heated pressure roller system to melt the hotmelt adhesive 
sheet and electrically insulate and bind the top substrate to 
the bottom substrate. As the hotmelt sheet is softened, the 
LED die breakthrough so that the top electrode comes into 
electrical contact with the transparent conductive layer of 
the top substrate and the bottom electrode comes into 
electrical contact with the electrically conductive surface of 
the bottom substrate. Thus, the p and n sides of each LED 
die are automatically connected to the top conductive layer 
and the bottom conductive surface. Each LED die is encap 
sulated and secured between the substrates in the flexible, 
hotmelt adhesive sheet layer. The bottom substrate, the 
hotmelt adhesive (with the embedded LED die) and the top 
substrate can be provided as rolls of material. The rolls are 
brought together in a continuous roll fabrication process, 
resulting in a flexible sheet of lighting material. 
0044) This simple device architecture is readily adaptable 
to a high yield, low cost, roll-to-roll fabrication process. 
Applicants have proven the device architecture and method 
are effective by making many proof-of-concept prototypes. 
FIG. 119 shows photographs of working prototypes con 
structed in accordance with the inventive method for manu 
facturing an inorganic light sheet. FIG. 128(a) is a photo 
graph showing a step of the proof-of-concept prototype 
construction, this photo shows an active layer sheet com 
prised of LED die embedded in a sheet of hotmelt adhesive, 
the LED die being red emitting and yellow emitting. FIG. 
128(b) is a photograph showing another step of the proof 
of-concept prototype construction, this photo shows the 
three constituent layers—active layer sheet (LED die 
embedded in a sheet of hotmelt adhesive), a top substrate 
(ITO coated PET) and a bottom substrate (ITO coated PET). 
FIG. 128(c) is a photograph showing another step of the 
proof-of-concept prototype construction, this photo shows 
the three constituent layers with the active layer between the 
substrates to form an assembly. FIG. 128(d) is a photograph 
showing another step of the proof-of-concept prototype 
construction, this photo shows the assembled lamination 
being passed through a heat laminator to activate the hotmelt 
sheet by melting between pressure rollers. 
0045 Applicants have discovered that as the hotmelt 
sheet is softened, the LED dice breakthrough the adhesive so 
that the top electrode comes into electrical contact with the 
transparent conductive layer of the top Substrate and the 
bottom electrode comes into electrical contact with the 
electrically conductive surface of the bottom substrate. 
Thus, the p and n sides of each LED die are automatically 
connected to the top conductive layer and the bottom 
conductive Surface. Each LED die is completely encapsu 
lated within the hotmelt adhesive and the substrates. In 
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addition, the LED dice are each permanently secured 
between the substrates in the flexible, hotmelt adhesive sheet 
layer. FIG. 128(e) is a photograph showing the just con 
structed proof-of-concept prototype being applied a Voltage 
of a polarity and lighting up the yellow LED die. FIG. 128(f) 
is a photograph showing the just constructed proof-of 
concept prototype being applied a Voltage of the opposite 
polarity and lighting up the red LED die. 
0046. In accordance with an aspect of the present inven 
tion, a method of making a light active sheet is provided. A 
bottom Substrate having an electrically conductive Surface is 
provided. An electrically insulative adhesive is provided. 
Light active semiconductor elements, such as LED die, are 
fixed to the electrically insulative adhesive. The light active 
semiconductor elements each have an n-side and a p-side. A 
top transparent Substrate is provided having a transparent 
conductive layer. 
0047 The electrically insulative adhesive having the 
light active semiconductor elements fixed thereon is inserted 
between the electrically conductive surface and the trans 
parent conductive layer to form a lamination. The electri 
cally insulative adhesive is activated to electrically insulate 
and bind the top substrate to the bottom substrate. The 
device structure is thus formed so that either the n-side or the 
p-side of the light active semiconductor elements are in 
electrical communication with the transparent conductive 
layer of the top substrate, and so that the other of the n-side 
or the p-side of each the light active semiconductor elements 
are in electrical communication with the electrically con 
ductive surface of the bottom substrate to form a light active 
device. In accordance with the present invention, p and in 
sides of each LED die are automatically connected and 
maintained to the respective top and bottom conductor, 
completely securing each LED die between the substrates in 
a flexible, hotmelt adhesive sheet layer. 
0048. The bottom substrate, the electrically insulative 
adhesive and the top substrate can be provided as respective 
rolls of material. This enables the bottom substrate, the 
electrically insulative adhesive (with the LED die embedded 
therein) and the top Substrate together in a continuous roll 
fabrication process. It is noted that these three rolls are all 
that are necessary for forming the most basic working device 
structure in accordance with the present invention. This 
simple and uncomplicated structure is inherently adaptable 
to a high yield, continuous, roll-to-roll fabrication tech 
niques that is not obtainable using prior art techniques. 
0049. In a preferred embodiment, the electrically insula 
tive adhesive comprises a hotmelt material. The step of 
activating comprises applying heat and pressure to the 
lamination to soften the hotmelt material. At least one of the 
heat and pressure are provided by rollers. Alternatively, the 
adhesive may be composed so that activating it comprises at 
least one of solvent action (e.g., silicone adhesive), catalytic 
reaction (e.g., epoxy and hardener) and radiation curing 
(e.g., UV curable polymer adhesive). 
0050. The light active semiconductor elements can be 
light emitting diode die Such as is readily commercially 
available from semiconductor foundries. The light active 
semiconductor elements may alternatively or additionally be 
light-to-energy devices, such as Solar cell devices. To make 
white light, a first portion of the light active semiconductor 
elements emit a first wavelength of radiation and second 
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portion of the light active semiconductor elements emit a 
second wavelength of radiation. Alternatively, yellow light 
emitting LED die and blue light emitting LED die can be 
provided in proper proportions to create a desired white light 
appearance. Diffusers can be included within the adhesive, 
Substrates or as a coating on the Substrates and/or the 
adhesive to create a more uniform glowing Surface. 
0051. The electrically insulative adhesive can be a hot 
melt sheet material, such as that available from Bemis 
Associates, Shirley, Mass. The light active semiconductor 
elements can be pre-embedded into the hotmelt sheet before 
the step of inserting the adhesive sheet between the sub 
strates. In this way, the hotmelt sheet can have the semi 
conductor devices embedded off-line so that multiple 
embedding lines can Supply a roll-to-roll fabrication line. A 
predetermined pattern of the light active semiconductor 
elements can be formed embedded in the hotmelt sheet. The 
predetermined pattern can be formed by electrostatically 
attracting a plurality of light active semiconductor elements 
on a transfer member, similar to a laser printer electrostatic 
drum, and transferring the predetermined pattern onto the 
insulative adhesive. 

0.052 The predetermined pattern of the light active semi 
conductor elements can be formed by magnetically attract 
ing a plurality of light active semiconductor elements on a 
transfer member, Such as an optomagnetically coated drum, 
and transferring the predetermined pattern onto the insula 
tive adhesive. The predetermined pattern of the light active 
semiconductor elements can be formed using conventional 
pick and place machines. Or, an adhesive transfer method, 
described in detail herein, can be employed. In this case, the 
predetermined pattern is formed by transferring the semi 
conductor elements from a relatively lower tack adhesive to 
a relatively higher tack adhesive. 

0053. The transparent conductive layer can be formed by 
printing a transparent conductive material. Such as ITO 
particles in a polymer binder, to form conductive light 
transmissive connecting lands. Each land is provided for 
connecting with a respective light active semiconductor. A 
relatively higher conducting line pattern can be formed on at 
least one of the top substrate and the bottom substrate for 
providing a relatively lower path of resistance from a power 
Supply source to each light active semiconductor element. 
0054 The electrically conductive surface and the electri 
cally conductive pattern may comprise a respective X and y 
wiring grid for selectively addressing individual light active 
semiconductor elements for forming a display. 
0055 Color light can be provided by including LED 
capable of emitting different wavelengths of light. For 
example, a red emitting LED combined with a yellow 
emitting LED when driven together and located near each 
other will be perceived by the human eye as generating an 
orange light. White light can be generated by combining 
yellow and blue LED dice, or red, green and blue dice. A 
phosphor can be provided in the lamination. The phosphor 
is optically stimulated by a radiation emission of a first 
wavelength (e.g., blue) from the light active semiconductor 
element (e.g., LED die) to emit light of a second wavelength 
(e.g., yellow). 

0056. In accordance with another aspect of the present 
invention, a method is provided for making an electronically 

Apr. 26, 2007 

active sheet. The electronically active sheet has a very thin 
and highly flexible form factor. It can be manufactured using 
the low cost, high yield continuous roll-to-roll fabrication 
method described herein. The electronically active sheet can 
be used for making a lighting device, a display, a light-to 
energy device, a flexible electronic circuit, and many other 
electronic devices. The semiconductor elements can include 
resistors, transistors, diodes, and any other semiconductor 
element having a top and bottom electrode format. Other 
electronic elements can be provided in combination or 
separately and employed as components of the fabricated 
flexible electronic circuit. The inventive steps for forming 
the electronically active sheet include providing a bottom 
planar Substrate having an electrically conductive Surface. 
0057. An adhesive is provided and at least one semicon 
ductor element is fixed to the adhesive. Each semiconductor 
element has a top conductor and a bottom conductor. A top 
Substrate is provided having an electrically conductive pat 
tern disposed thereon. The adhesive with semiconductor 
element fixed thereto is inserted between the electrically 
conductive surface and the electrically conductive pattern to 
form a lamination. The adhesive is activated to bind the top 
substrate to the bottom substrate so that one oftop conductor 
and bottom conductor of semiconductor element is auto 
matically brought into and maintained in electrical commu 
nication with the electrically conductive pattern of the top 
substrate and so that the other of the top conductor and the 
bottom conductor of each semiconductor element is auto 
matically brought into and maintained in electrical commu 
nication with the electrically conductive surface of the 
bottom substrate to form an electronically active sheet. In 
accordance with another aspect of the present invention, a 
method is provided for making an encapsulated semicon 
ductor device. A bottom Substrate is provided having an 
electrically conductive Surface. An adhesive layer is pro 
vided on the electrically conductive surface. A predeter 
mined pattern of semiconductor elements are fixed to the 
adhesive. The semiconductor elements each having a top 
device conductor and a bottom device conductor. A top 
Substrate having a conductive pattern disposed thereon. A 
lamination is formed comprising the bottom Substrate, the 
adhesive layer (with the semiconductor elements) and the 
top substrate. The lamination is formed so that the adhesive 
electrically insulates and binds the top substrate to the 
bottom Substrate. In so doing, one of the top device con 
ductor and bottom device conductor of the semiconductor 
elements is in electrical communication with the conductive 
pattern of the top substrate and the other of the top device 
conductor and bottom device conductor of each semicon 
ductor element is in electrical communication with the 
electrically conductive layer of the bottom substrate. In this 
manner, each semiconductor element is automatically con 
nected to the top and bottom conductors that are preformed 
on the top and bottom substrates. There is no need for 
wirebonding, solder, lead wires, or other electrical connec 
tion elements or steps. 
0058. In accordance with another aspect of the present 
invention, at least one the semiconductor elements is pro 
vided with a middle conductor region between the top 
conductor and the bottom conductor. For example, the 
semiconductor can be an inpn or pnp transistor. The adhesive 
comprises at least one electrically conductive portion for 
making an electrical connection with the middle conductor 
region. 














































































