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A flat panel display.

@ A flat panel display (100, 362, 400, 450) with a
screen (104), apertures (112) in a sheet of ma-
terial (108) and electron sources (106). A poten-
tial difference is established between the screen
(104) and the sheet (108). The electron sources
(106) are positioned under the numerous aper-
tures (112) which focus the electrons from the
sources (106) to different positions on the
screen (104). Additional electrodes (325, 350)
are positioned in the display to further focus
and steer the electrons toward the screen (104).
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The present invention relates generally to a video
display and more particularly to a flat panel display.

One of the hurdles to reducing the cost, the size
and the weight of a television or a computer is its dis-
play. Researchers have been trying for a long time to
make a low cost and high resolution flat panel display
that is reliable, efficient and easy to manufacture.

One prior art approach for a flat panel display has
a flat phosphor screen set at a high voltage and mul-
tiple layers of insulated metallic grids set at low vol-
tages. Electrons emitted from sources are modulated
by the low voltages on the metallic grids as they prop-
agate through the grids, and are accelerated by the
high voltage to form images on the screen. The inter-
vening metallic grids serve as focusing structures.
Unfortunately, it is expensive and difficult to reliably
make and align multiple layers of insulated metallic
grids with small enough apertures for high resolution
images.

Another prior art approach uses dynamically
varying voltages applied onto phosphor stripes on a
screen. This is known as the switched-anode techni-
que. The sources commonly used for such an ap-
proach are field emission cathodes which are solid
state electron-emitters controlled by gates. Ageneral
discussion on field emission cathodes can be found
in "Physical properties of thin-film field emission
cathodes with molybdenum cones," written by C.A.
Spindt et. al. The screen is located very close to the
gates of the field emission cathodes without any in-
tervening focusing grid structures. A number of posi-
tive voltages on the numerous phosphor stripes at-
tract the electrons from the sources to form images
on the screen.

With the screen very close to the gates, to pre-
vent voltage breakdown, the potentials on the screen
are comparable in magnitude to the potentials on the
gates. This implies that the potential differences be-
tween the screen and the gates are low leading to
electrons reaching the screen with low energy; this in
turn reduces the electron-to-light conversion effi-
ciency of the display.

A significant number of the electrons do not
reach the screen. They are collected by the gates.
Since the potentials on the screen are comparable to
the potentials on the gates, the fact that a significant
number of electrons are collected by the gates implies
wasting a significant percentage of the power. This
leads to a low power efficiency display.

Also, images usually vary dynamically. This re-
quires a dynamically varying voltage for each stripe
on the screen. Again, to prevent voltage breakdown,
the electric fields between adjacent stripes cannot be
too high. The fixed voltage difference between adja-
cent pixels limits the distance between stripes which
in turn limits the resolution of the display.

It will be apparent from the foregoing that there
is still a need for a low cost and high resolution flat
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panel display that is reliable, efficient and easy to
manufacture.

The present invention provides a low cost, high
resolution flat panel display that is reliable, efficient
and easy to manufacture. Its pixel resolution is high
with excellent image contrast. The display has a high
electron-to-light conversion efficiency and a high
power efficiency.

A preferred embodiment of the invented display
generates an image on a screen by means of an elec-
tron source and an aperture in a sheet of material.
The sheet is positioned between the electron source
and the screen which emits visible light to form im-
ages when struck by electrons. The electrons pass
through the aperture when they move from the elec-
tron source toward the screen.

The screen and the sheet are at different poten-
tials so that the aperture in the sheet functions as an
electron-optical lens guiding a substantial amount of
the electrons from the source to form the image on
the screen of the flat panel display.

Other aspects and advantages of the present in-
vention will become apparent from the following de-
tailed description, taken in conjunction with the ac-
companying drawings, illustrating by way of example
the principles of the invention.

Figure 1 shows a cross-sectional view of a prefer-
red embodiment of the invention.

Figures 2A-C shows equipotential surfaces es-
tablished in the preferred embodiment.

Figure 3 is a ray-tracing diagram illustrating the
electron paths from an electron source in the prefer-
red embodiment.

Figures 4A-D depict different cross-sectional
structures for the sheet of material in the preferred
embodiment.

Figure 5 shows a cross-sectional view of the pre-
ferred embodiment with two electron sources.

Figure 6 illustrates a cross-sectional view of the
preferred embodiment with three electron sources for
a color display.

Figures 7A-B show the top views of two different
apertures, each with numerous electron sources in
the preferred embodiment of the invention.

Figures 8A-B illustrate cross-sectional views of
two different types of electrodes to further guide the
electrons in the preferred embodiment.

Figure 9 shows another preferred embodiment of
the invention with a curved screen.

Figures 10A-B shows different views of a working
embodiment of the invention.

Figure 11 shows the top view of a part of the sheet
of material with four apertures in the working embodi-
ment.

Figures 12A-B show different positions of a pair
of focusing electrodes relative to an aperture in the
working embodiment.

Figure 13 shows another working embodiment of
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the invention.

Figures 14A-B depict two types of field emission
cathodes for the working embodiments.

The present invention provides a low cost, high
resolution flat panel display that is reliable, efficient
and easy to manufacture.

Figure 1 shows a cross-sectional view of a prefer-
red embodiment of the invented display 100. Ascreen
104, preferably a phosphor screen, is spaced apart
from an electron source 106. A sheet of material 108
defines an aperture 112 through which a substantial
amount of electrons 126 emitted by the electron
source 106 travels to reach the screen 104. The elec-
tron source 106 preferably comprises a field emission
cathode including an electron-emitter 109 and a gate
107 that modulates the number of electrons emitted
by the emitter 109.

A potential difference is established between the
screen 104 and the sheet 108 so that the aperture 112
in the sheet 108 functions as an electron-optical lens.
This lens guides the electrons 126 from the electron
source 106 to strike the screen 104, causing the
screen 104 to emit visible light in the form of an image
102.

Figure 2A shows the aperture in the sheet func-
tioning as an electron-optical lens 123 in the prefer-
red embodiment of the invention. The voltage applied
to the screen 104 is significantly more positive than
the voltage applied to the sheet 108. The potential dif-
ference set up between the screen 104 and the sheet
108 establishes a plurality of equipotential surfaces
122. Figure 2B shows equipotential surfaces 151 in
the vicinity of the aperture 112 of the electron-optical
lens 123. Those surfaces 151 characterize the case
in which the voltage level at the sheet 108 is between
the voltage level at the screen 104 and the gate 107
of the electron source 106. Figure 2C shows equipo-
tential surfaces 153 in the vicinity of the aperture 112
when the voltage level at the sheet 108 is lower than
both the voltage level at the screen 104 and the gate
107.

The lens 123 guides the electrons 126 through
the aperture 112 to form the image 102 on the screen.
Figure 3 is a ray-tracing diagram illustrating the elec-
tron paths from the electron source 106. The elec-
tron-optical lens 123 has a focal length f, 179, defin-
ing a focal point 175. This is the point where parallel
rays converge. To generate an image with a desired
magnification M, the electron source 106 is prefer-
ably positioned from the focal point 175 a distance x,
177, which is approximately given as:

x = (fIM) (1).
A general discussion on electron-optical lens can be
found in "Electron Beams, Lenses and Optics," writ-
ten by A.B. El-Kareh and J.C.J. El-Kareh.

Figures 4A-D depict different cross-sectional
structures for the sheet of material in the preferred
embodiment. Figure 4A shows the sheet 108A being
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a sheet of metal 200. Figure 4B illustrates the sheet
108B with a piece of metal 208 on both sides of a
piece of insulator 206. Figure 4C shows the sheet
108C being a piece of metal 212 on one surface 214
of a piece of insulator 216.

The sheet of material does not have to be thin rel-
ative to the distance 183 from the top surface of the
sheet of material to the gate of the source. Figure 4D
shows the preferred embodiment of the invention in
which the sheet of material extends to the gate 107 of
the source 106. The wall 203 of the sheet of material
108D does not have to be perpendicular to the plane
of the sheet of material; the wall can define an oblique
angle with respect to the plane. As an added precau-
tion, if the sheet of material 108 is not "thin", a piece
of insulator is preferably formed at the surface of the
sheet adjacent to the gate 107. This prevents the gate
107 from forming conductive paths with the sheet of
material; for example, the surface 204 of the sheet
108D is insulated by a piece of insulator 201 from the
gate 107.

The aperture 112 in the sheet of material 108 is
easy and inexpensive to make. For an average size
display, such as 6” by 8”, with VGA resolution (640
pixels by 480 pixels), the display has hundreds of
thousands of pixels. In the display using intervening
metallic grids, it is difficult and expensive to make
multiple layers of insulated metallic grids with all their
apertures aligned for the large number of pixels. The
simplicity in structure of the sheet of material in the
present invention reduces the cost and the complex-
ity while increases the reliability of making the dis-
play.

In addition to the formation of the electron-optical
lens 123, the sheet 108 captures electrons travelling
along undesirable directions from the electron source
106. An electron emitted at an angle that misses the
aperture 112 is blocked by the sheet 108 so the sheet
limits the divergence angle of the electrons emitted
from the source 106.

Another benefit of the sheet 108 is that in a typ-
ical phosphor screen 104, phosphor has to be depos-
ited at each pixel. The sheet 108 may be used as the
patterning mask for phosphor depositions in the
same manner as conventional Cathode-Ray-Tubes.
This helps to ensure color registration between the
electron sources and the phosphor on the screen us-
ing matured technologies developed for CRTs.

The display 100 has large number of pixels, sharp
edge resolution, and excellent color saturation. The
number of pixels on a display depends on the aper-
ture size and the spacing between apertures. Itis not
difficult to make a 10” * 10” sheet of metal with a
thickness of about 50 microns, and with apertures
about 80 microns wide and about 300 microns apart
to produce a display capable of VGA resolution.

The sharp edge resolution of the image 102 is
due to the sheet limiting the divergence angle of the
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electrons. Only electrons travelling along paths that
are within the aperture reach the screen 104. With a
substantially collimated electron beam 182, the
boundary of the aperture 112 serves as a sharp de-
marcation for the image 102.

The image 102 also has excellent color satura-
tion because a significant amount of electrons are fo-
cused to each pixel without exciting adjacent pixels
which usualiy are for different colors.

Compared to the displays using multiple layers of
insulated metallic grids or the switched-anode techni-
que, the present invention has a high electron-to-light
conversion efficiency and a high power efficiency.
This is because the source 106 is close to the aper-
ture 112, and the potential difference between the
screen 104 and the sheet of material 108 is high rel-
ative to the potential difference between the sheet of
material 108 and the gate 107. These characteristics
lead to a significant amount of the emitted electrons
reaching the aperture 112 to be accelerated to the
screen 104. With a high potential difference between
the screen and the sheet of material, the energy of the
electrons is high when they reach the screen. This
leads to a high electron-to-light conversion efficien-
cy.

The electrons that do not reach the screen are
either captured by the sheet of material 108 or the
gate 107. The voltages on the gate and the sheet are
significantly lower than the voltage on the screen.
With power defined as voltage * current, the elec-
trons captured by the sheet and the gate lead to wast-
ing very little power. So the display has a high power
efficiency especially in comparison to the display us-
ing the switched-anode technique.

Figure 5 shows a cross-sectional view of the pre-
ferred embodiment with two electron sources 250,
252 next to each other for one aperture 112. The
sources are positioned so that a substantial amount
of the electrons from the two sources are again guid-
ed by the electron-optical lens to form on the screen
104 two images 254, 256 which are substantially sep-
arate from each other. With such a structure, one
does not need to vary voltages on the screen to at-
tract electrons to different pixels as in the switched-
anode technique.

Figure 6 illustrates three electron sources 275,
277, 279 next to each other for a color display 287.
The sources are positioned so that a substantial
amount of the electrons from the sources are guided
by the electron-optical lens to form on the screen
three substantially separate images 281, 283, 285.
The three collimated beams of electrons 291, 293,
295 strike onto three pixels on the screen 104. Each
pixel has a different phosphor so that the three phos-
phors generate the three primary colors. By modulat-
ing each of the sources, one can generate all the col-
ors from the three primary colors on the screen 104.

To enhance an image, a plurality of sources are
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formed adjacent to the source in Figure 1 or the sourc-
es in Figure 6. Figure 7A shows the top view of an
aperture 300 in a sheet of material with three groups
of electron sources 302, 304, 306; for example, the
group 302 has sources 308, 312 and 314. Each group
enhances the image of and is adjacent to each source
in Figure 6. Figure 7B shows the top view of an aper-
ture 316 in a sheet of material with one group 318 of
electron sources to enhance the image of and is ad-
jacent to the source in Figure 1. At least 30% of the
electrons emitted from each group of electron sourc-
es are guided by the electron-optical lens in their cor-
responding display to their screen. The numerous
electron sources in each group provide an image with
even intensity and reduce the noise level of the image
through the averaging effect of the numerous elec-
tron sources. Although Figures 7A and 7B show rec-
tangular apertures, this invention does not limit the
apertures to be rectangular in shape.

Figures 8A-B illustrate two different types of
electrodes to further guide the electrons. Figure 8A
shows a pair of focusing electrodes 325, 327 gener-
ally with a low voltage to focus the electrons towards
their corresponding image. One preferred position of
the electrodes is next to the electron source 329.
Such electrodes are applied to both a single source
and to a group of sources.

Figure 8B shows a pair of steering electrodes
350, 352 to steer the collimated beam 354 from the
pixel 356 to the pixel 358 on the screen 360. By steer-
ing the beam 354 to three different pixels, with one
pixel per color, the invention reduces the number of
electron sources with their electronic drivers by a fac-
tor of three for the display. The steering electrodes for
all the apertures can be tied together under only one
electronic controller. Although for each aperture, the
beam is steered to the same color, whether different
pixels on the screen show that color or not depends
on whether the electron sources corresponding to
those pixels are turned on. With the beams steered
faster than 60 Hz, a viewer does not see any fluctu-
ation in color. Such electrodes are applied to both a
single source and to a group of sources. The focusing
electrodes shown in Figure 8A is also capable of
steering the beam, and the steering electrodes shown
in Figure 8B is also capable of focusing the beam.

The screen is not restricted to be flat. Figure 9
shows another preferred embodiment of the invention
362 with a curved screen 364. With the beam being
substantially collimated, the image on the screen is
relatively insensitive to the separation between the
screen and the sheet. This is a desirable feature be-
cause the invention becomes applicable to a screen
that is curved which is structurally stronger and can
withstand higher pressure than a flat screen.

The invention will be further clarified by a consid-
eration of the following examples, which are intended
to be purely exemplary of the use of the invention.
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Figures 10A-B show different views of a working
embodiment 400 of the invention. Figure 10A shows
the screen 401, the sheet of material 408 with numer-
ous apertures and a substrate 410 with numerous
field emission cathodes.

Figure 10B shows a part of the cross-sectional
view A-A of the display shown in Figure 10A. The
screen 401 has numerous pixels, for example, 402,
404 and 405, which are about 100 microns apart and
are formed as groups of three, a red pixel 402 next to
a green pixel 404 which is next to a blue pixel 405. The
distance 406 between the screen 401 and the sheet
408 is about 2 millimeters. The sheet 408 is a metal
sheet with a thickness of about 50 microns. The dis-
tance 412 between the sheet 408 and the substrate
410 is about 100 microns. The substrate 410 has nu-
merous field emission cathodes; for example, the
cathode 440 with its electron-emitter 442 and its gate
409. The height of the electron-emitters is about 1 mi-
cron. On the substrate 410, there are also numerous
focusing electrodes which are separated from the
gates; for example, the focusing electrode 407, which
is separated from the gate 409. The potential differ-
ence between the screen 401 and the sheet 408 is
about 7000 volts, between the sheet 408 and the
gates 409 of field emission cathodes is about 100
volts, between a gate and its focusing electrode is
from O to £ 100 volts and between an electron-emitter
and its gate is from 50 to 100 volts depending on the
amount of electrons required to be emitted from the
electron-emitter.

Figure 11 shows the top view of a part of the sheet
of material 408 with four apertures 425, 427, 429, 431
in the working embodiment 400. Each aperture is
above three groups of field emission cathodes as in
the aperture shown in Figure 7A; for example, the
aperture 431 has the groups 441, 443, 445. The di-
mensions 435, 433 of each aperture are about 75 mi-
crons by 150 microns. The apertures are periodically
spaced with periods of about 300 microns in both of
its x, 437, and y, 439, directions.

With such dimensions and voltages, the focal
length of the electron-optical lens is about 100 mi-
crons. With a magnification of about 4, the electron
sources are positioned about 25 microns away from
the focal point as described in equation 1.

The expected resolution of the working embodi-
ment is about 50 microns. With at least 60% of the
electrons emitted by the sources expected to reach
the screen, the display has an expected power effi-
ciency of more than 99.5%. The minimum size of the
display with VGA resolution is expected to be less
than 5 inches.

Figures 12A-B show other preferred positions of
a pair of focusing electrodes relative to an aperture.
Figure 12A shows that the electrodes 447a and 447b
are approximately perpendicular to the axis of the
aperture 446, and Figure 12B shows that the electro-
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des 449a and 449b are approximately parallel to the
axis of the aperture 448. The electrodes are prefer-
ably positioned on the substrate 410 or in between
the substrate 410 and the sheet of material 408.

Figure 13 shows another working embodiment
450 with the sheet of material 453 having apertures
457 extending across the whole sheet. The sheet of
material with the long and narrow apertures can be
formed by stretched-metal ribbons. Under every
aperture there are field emission cathodes; for exam-
ple, the aperture 457 with the groups of cathodes 461
preferably arranged as in the sources shown in Figure
7A. Different cathodes within the groups are electron-
ically controlled to emit electrons for different pixels
on the screen.

Figures 14A-B show side views of two types of
field emission cathodes. Figure 14A is a point source
475; it has a gate 477 and a cone 479 as the electron-
emitter. Figure 14B is a field emission cathode 485
with a gate 487 and a line source 489 as the electron-
emitter.

From the foregoing it will be appreciated that the
present invention provides a low cost, high resolution
flat panel display that is reliable, efficient and easy to
manufacture.

Other embodiments of the invention will be appa-
rent to the skilled in the art from a consideration of
this specification or practice of the invention dis-
closed herein. It is intended that the specification and
examples be considered as exemplary only, with the
true scope and spirit of the invention being indicated
by the following claims.

Claims

1. Aflat panel display (100, 362, 400, 450) compris-

ing:

a first electron source (106);

a screen (104) that emits visible light to
form images when struck by electrons; and

a sheet of material (108) between the
source (106) and the screen (104) and defining
an aperture (112) through which electrons pass
when moving from the source (106) toward the
screen (104), the sheet (108) and the screen
(104) being at different potentials so that the
aperture (112) functions as an electron-optical
lens (123) guiding a substantial amount of the
electrons from the source (106) to form a firstim-
age (102) on the screen (104) of the flat panel dis-
play (100, 400, 450).

2. A flat panel display (362) as recited in claim 1
wherein the screen (364) is curved.

3. Aflat panel display (100, 362, 400, 450) as recit-
ed in claim 1 wherein the sheet of material (108)
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comprises a metal sheet (200).

Aflat panel (100, 362, 400, 450) display as recit-
ed in claim 1 wherein the sheet (108) comprises
a piece of metal (208) on a piece of insulator
(206).

Aflat panel display (400, 450) as recited in claim
1 further comprising a plurality of electron sourc-
es enhancing the image of and being adjacent to
the first electron source, with the electron-optical
lens guiding at least 30% of the electrons from all
the electron sources to form a substantially colli-
mated beam of electrons from the aperture to the
screen (401, 451).

Aflat panel display (400, 450) as recited in claim
5 wherein the sheet of material (408, 453) further
defines a plurality of apertures and the display
further comprises groups of electron sources of
the kind described in claim 5, each aperture with
a group of sources.

Aflat panel display (400, 450) as recited in claim
5 further comprising:

two other groups of electron sources,
each as the one recited in claim 8;

such that the electron-optical lens guides
at least 30% of the electrons from the three
groups of sources into three substantially colli-
mated beams of electrons from the aperture to
form three substantially separate images (402,
404, 405) on the screen (401) of the flat panel dis-

play.

Aflat panel display (400, 450) as recited in claims
5 or 7 further comprising a steering electrode
(350) to steer the collimated beam of electrons.

Aflat panel display (400, 450) as recited in claims
1 or 5 or 7 further comprising a focusing electrode
(325) to focus the electrons towards their corre-
sponding image.

Aflat panel display (400, 450) as recited in claim
7 wherein the sheet of material further defines a
plurality of apertures and the display further com-
prises groups of electron sources of the kind de-
scribed in claim 7, each aperture with three
groups of sources.
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