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(57) Abstract: An image intensifying device includes a lens that is positioned at a light input that forms an image ot a scene. The
image intensifying device also includes an image intensifier tube that includes a photocathode that is positioned to receive the im-
age formed by the lens. The photocathode generates photoelectrons in response to the light image of the scene. The image intensi-
fier tube also includes a microchannel plate having an input surface comprising the photocathode. The microchannel plate receives
the photoelectrons generated by the photocathode and generating secondary electrons. An electron detector receives the secondary
electrons generated by the microchannel plate and generates an intensified image of the scene.
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Image Intensifving Device

[0001] The section headings used herein are for organizational purposes only and should

not to be construed as limiting the subject matter described in the present application.

Cross-Reference To Related Applications

[0002] The present application is a non-provisional of copending United States
Provisional Patent Application Serial Number 61/043,993, filed on April 10, 2008. The entire
contents United States Patent Application Serial Number 61/043,993 is herein incorporated by

reference.

Introduction

[0003] The present teaching relates to image intensifying devices, such as night vision
devices. In some applications of image intensifying devices, the light being viewed is too dim to
be seen with natural human vision. Also, in some applications of image intensifying devices, the
image being viewed is illuminated only by infrared light which is invisible to human vision. On
nights that are too dark for natural human vision, invisible infrared light is provided by the stars
of the night sky that is in the near-infrared portion of the electromagnetic spectrum. Infrared
light is clectromagnetic radiation having a wavelength that is longer than the wavelength of

visible light, but shorter than the wavelength of microwave radiation.

[0004] Light amplification devices can amplify invisible infrared light and near-infrared
light to generate an image which is visible to the human eye that replicates a low-light or night-

time scene. Such night vision devices typically include an objective lens which focuses low-
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light or invisible infrared light from the low-light or night-time scene through a transparent light-
receiving face of an image intensifier tube. The image intensifying devices provides a visible
image that is often in the yellow-green portion of the electromagnetic spectrum. This image is

then provided to the user by various means.

[0005] Image intensifying devices, such as night vision devices, typically use an image
intensifier tube to amplify light from the surrounding image. The image intensifier tube

amplifies the image from the scene and also shifts the wavelength of the image into the portion
of the spectrum that is visible to the human eye, thus providing a visible image to the user that

replicates the viewed scene.

[0006] Image intensifying devices typically include a photocathode downstream of the
light input of the device that receives the low-light or night time image. The photocathode
generates photoelectrons when photons of visible and infrared light impact the active surface of
the photocathode. The photoelectrons are generated by the photocathode in a pattern which
replicates the scene being viewed. These photoelectrons are then moved by an electrostatic field
provided by a power supply, such as a battery, to microchannel plates (MCPs) having numerous

microchannels, where each of the microchannels functions as a dynode.

[0007] The microchannel plates are used to detect very weak clectrical signals generated
by the photocathode. A microchannel plate is a slab of high resistance material having a
plurality of tiny tubes or slots, which are known as microchannels, extending through the slab.
The microchannels are positioned parallel to each other and may be positioned at a small angle to
the surface. The microchannels are usually densely distributed. A high resistance layer having

high secondary clectron emission efficiency is formed on the inner surface of each of the
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plurality of microchannels so that it functions as a dynode. A conductive coating is formed on

the top and bottom surfaces of the slab comprising the microchannel plate.

[0008] In operation, an accelerating voltage is applied across the conductive coatings on
the top and bottom surfaces of the microchannel plate with a power source, such as a battery.
The accelerating voltage establishes a potential gradient between the opposite ends of cach of the
plurality of channels. Electrons and ions traveling in the plurality of channels are accelerated.
These clectrons and ions collide against the high resistance layer having high secondary electron
emission efficiency, thereby producing secondary electrons. The secondary electrons are
accelerated and undergo multiple collisions with the resistance layer. Consequently, electrons

are multiplied inside each of the plurality of channels.

[0009] In other words, cach time an clectron (whether a photoclectron or a secondary-
emission electron previously emitted by the microchannel plate) collides with the material on the
interior surface of the microchannels, more than one electron (i.c., secondary-emission electrons)
leaves the site of the collision. The electrons eventually pass through the anode end of each of
the plurality of channels. As a consequence, the photoelectrons entering the microchannels
cause a geometric cascade of secondary-emission electrons moving along the microchannels,
from one face of the microchannel plate to the other so that a spatial output pattern of electrons is

produced by the microchannel plate.

[0010] The pattern of clectrons replicates the input pattern of photons, but the electron
density can be several orders of magnitude higher than the density of photons. This pattern of
clectrons is moved from the microchannel plate to a phosphorescent screen electrode by another

clectrostatic field. When the electron shower from the microchannel plate impacts on and is
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absorbed by the phosphorescent screen electrode, visible-light phosphorescence occurs in a
pattern which replicates the image. This visible-light image is passed out of the tube for viewing

via a transparent image-output window.

Brief Description of the Drawings

[0011] The present teachings, in accordance with preferred and exemplary embodiments,
together with further advantages thereof, is more particularly described in the following detailed
description, taken in conjunction with the accompanying drawings. The skilled person in the art
will understand that the drawings, described below, are for illustration purposes only. The
drawings are not necessarily to scale, emphasis instead generally being placed upon illustrating
principles of the teaching. The drawings are not intended to limit the scope of the Applicant’s

teachings in any way.

[0012] FIG. 1 illustrates a prior art image intensifying device.

[0013] FIG. 2 illustrates an image intensifying device including an image intensifier tube

with an integrated photocathode and microchannel plate according to the present teaching.

Detailed Description

[0014] Reference in the specification to “one embodiment” or “an embodiment” means
that a particular feature, structure, or characteristic described in connection with the embodiment
is included in at least one embodiment of the teaching. The appearances of the phrase “in one
embodiment” in various places in the specification are not necessarily all referring to the same

embodiment.



WO 2009/126845 PCT/US2009/040127

[0015] It should be understood that the individual steps of the methods of the present
teachings may be performed in any order and/or simultancously as long as the teaching remains
operable. Furthermore, it should be understood that the apparatus and methods of the present
teachings can include any number or all of the described embodiments as long as the teaching

remains operable.

[0016] The present teachings will now be described in more detail with reference to
exemplary embodiments thereof as shown in the accompanying drawings. While the present
teachings are described in conjunction with various embodiments and examples, it is not
intended that the present teachings be limited to such embodiments. On the contrary, the present
teachings encompass various alternatives, modifications and equivalents, as will be appreciated
by those of skill in the art. Those of ordinary skill in the art having access to the teachings herein
will recognize additional implementations, modifications, and embodiments, as well as other

fields of use, which are within the scope of the present disclosure as described herein.

[0017] FIG. 1 illustrates a prior art image intensifying device 1. The image intensifying
device 1 includes an optical input element 2 that directs and focuses light from a scene 16 being
viewed into the device 1. The optical input element 2 can be any type of imaging device, such as
an objective lens assembly and a mirror. An image intensifier tube 4 is positioned adjacent to the
optical input clement 2. The image intensifier tube 4 includes a cathode window 8. The cathode
window 8 is a glass plate having a photocathode coating 10 deposited on its interior surface. The
photocathode coating 10 is designed to convert photons passing through the glass plate of the
cathode window 8 to clectrons. For example, the photocathode coating 10 can be a gallium

arsenide coating.
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[0018] The image intensifier tube 4 also includes a microchannel plate 11 that is
positioned proximate to the cathode window 8. Microchannel plates are well known in the art.
Some microchannel plates include a glass assembly of hollow pores having electron conduction
and amplification properties. Other microchannel plates are formed of semiconductor materials.
The surface of the microchannel plate 11 that is adjacent to the cathode window 8§ is coated with
a thin insulating layer 18 that forms a barrier to the transmission of ions back to the photocathode
coating 10. For example, the surface of the microchannel plate 11 adjacent to the cathode

window 8 can be coated with a layer of Al,O3 or SiO; that is less than about 10nm thick.

[0019] A phosphor screen 12 is positioned adjacent to the microchannel plate 11. The
phosphor screen 12 can be a fiber optic bundle with a phosphor coating on the input optical
surfaces. The phosphor screen 12 converts electrons emitted by the microchannel plate into a
visible image. A power supply 14 is electrically connected to the active components of the
image intensifying device 1, such as the cathode window 8, the microchannel plate 11, and the
phosphor screen 12. The power supply 14 typically needs to supply several different voltages
levels and typically provides relatively high voltage with relatively low current. The power
supply 14 can be a battery with at least one D.C. to D.C. converter that provides various voltage
levels to the cathode window §, the microchannel plate 11, and the phosphor screen 12 that are

required for optimal performance.

[0020] In addition, the image intensifying device 1 includes at least one optical
utilization clement 6 that provides an image of the scene 16 being viewed to the user. For
example, the optical utilization element 6 can be an eyepiece that allows viewing by the user.
The optical utilization element 6 can also be a photodetector array. Also, the optical utilization

clement 6 can be a recording medium, such as a photographic film or a video recording media.
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[0021] In operation, light from the scene 16 being viewed, which can be a low-level
visible light and/or infrared light, is focused by the optical input element 2 through the glass
plate in the cathode window &8 onto the photocathode 10. The photocathode 10 converts the light
striking the photocathode 10 into electrons. The electrons travel into the microchannel plate 11
and are then multiplied by the emissive surfaces in the microchannel plate 11. The resulting
clectrons strike the phosphor screen 12. The phosphor screen 12 then converts the electrons
generated by the microchannel plate 11 into visible light that can be viewed by the user. The
image from the phosphor screen 12 is viewed with the optical utilization element 6 which can be

a simple eyepiece or some type of photographic or video recording medium.

[0022] One undesirable feature of the conventional image intensifying devices is that the
clectrostatic ficlds established in the image intensifier tube 4 that transport the electrons from the
photocathode coating 10 to the phosphor screen 12 are also effective to transport positive ions
present within the image intensifier tube 4 back towards the photocathode coating 10. Because
such positive ions may include the nucleus of gas atoms of considerable size, such as the nucleus
of hydrogen, oxygen, and nitrogen, which are much more massive than an electron, these
positive gas ions are capable of causing physical impact damage and chemical damage to the

photocathode coating 10.

[0023] In addition, gas atoms present within the image intensifier tube 4 that are
clectrically neutral may chemically combine with and poison the photocathode coating 10. The
pore walls of known microchannel plates are a significant source of such clectrically neutral gas
atoms. Many conventional image intensifier tubes have a relatively high population of gas atoms
within the image intensifier tube 4. Thus, the gas atoms which ionize to positive ions, and the

much more populous atoms that remain electrically neutral, cause significant physical impact
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and chemical damage to the photocathode coating 10. This physical impact and chemical

damage greatly reduces the operating lifetime of the image intensifying device.

[0024] State-of-the-art image intensifying devices position an ion barrier film 18 on the
inlet side of the microchannel plate 11 that blocks or reduces the number of ions impacting the
photocathode coating 10. The ion barrier film 18, referred to herein as a conventional prior art
ion barrier, also reduces the probability of the occurrence of chemical reactions on the surface of
the photocathode coating 10 by inhibiting the migration of chemically active atoms toward the

photocathode coating 10.

[0025] However, a disadvantage of the ion barrier film 18 is that there is a decrease in the
effective signal-to-noise ratio of the signal generated by the microchannel plate 11 because the
relatively low energy electrons are absorbed by the ion barrier film 18. Secondary-emission
clectrons typically have relatively low energy that can be low enough to cause a significant
fraction of the secondary electrons to be absorbed by the ion barrier film 18. In many currently
used microchannel plates, the fill factor is about 50%. That is, in many microchannel plates,
about half of the microchannel plate input is open arca and the other half of the microchannel
plate is defined by the solid portion or web material of the microchannel plates. Therefore, in

these microchannel plates, about half of the photoelectrons impact on the web material.

[0026] Moreover, the photoelectrons that impact the web of the microchannel plate 11
cause the production of secondary emission electrons adjacent to the open arcas of the
microchannel plate 11. These secondary emission electrons have relatively low energies that
lack the energy to either penctrate the ion barrier film, or to cause the film to liberate secondary

clectrons. Consequently, these low energy clectrons are absorbed by the ion barrier film 18. The
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result is that, in some cases, as much as 50% of the ¢lectrons that would otherwise contribute to
the formation of an image by the image intensifier tube 4 are blocked or absorbed by the ion
barrier film 18 and do not reach the microchannels to be amplified. Thus, about 50% of the

image information may be lost, which results in a low sensitivity device.

[0027] The ion barrier film 18 can compensate for the loss resulting from the absorption
of some of the electrons by providing some secondary electron emissivity. That is, the ion
barrier film 18 itself can be a secondary emitter of clectrons. However, the number of secondary
clectrons emitted is not significant because the secondary electron emissivity of the ion barrier
film 18 is typically relatively low. Therefore, the ion barrier film 18 will only generate
secondary electrons if the electrons impacting the ion barrier film 18 have optimized energy.
Typically, the secondary electron emission from the ion barrier film 18 does not fully

compensate for the electrons impacting the ion barrier film 18.

[0028] Another disadvantage of using an ion barrier film 18 in an image intensifier tube 4
is that it can contribute to forming a halo or emission of light around the image of the scene 16
being viewed. This halo is caused by the fact that photoelectrons incident on the web of the
microchannel plate 11 or incident on the ion barrier film 18 do not penctrate the ion barrier film
18. Instead, these backscattered photoclectrons impact the film or the web at another location.
These backscattered photoclectrons decrease the signal and increase the noise, thereby causing

the halo around the image of the scene 16 being viewed.

[0029] The halo or emission of light around the image of the scene 16 being viewed also
results from the physical distance between the photocathode coating 10 on the cathode window 8

and the front face of the microchannel plate 11. In many conventional image intensifying
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devices, there is a significant gap between the photocathode coating 10 and the front face of the
microchannel plate 11 that is on order of about 250p. It is well known in the art that such gaps
contribute to forming a halo image around the scene 16 being viewed. The halo around the
image of the scene 16 being viewed does not correspond to a bright area of the scene 16.
Therefore, the halo around the image reduces the quality of the image provided by the image
intensifier tube 4 and also reduces contrast values in the image, therefore limiting the resolution

of the image.

[0030] Another disadvantage of using an ion barrier film 18 in the image intensifier tube
4 is that a higher voltage must be applied to the image intensifier tube 4 between the glass plate
having a photocathode coating 10 and the microchannel plate 11. The higher voltages are
necessary to overcome the electron barrier established by the ion barrier film 18. For example,
an additional 600 to 700 volts may be required to overcome the clectron barrier established by
the ion barrier film 18. Consequently, a larger physical spacing between the glass plate having
the photocathode coating 10 and the microchannel plate 11 will be necessary to prevent an
clectrical discharge. These larger spacing will result in a more pronounced halo or emission of

light around the image of the scene 16.

[0031] Another undesirable feature of conventional image intensifying devices is that the
photocathode coating 10 is transmissive. Transmissive photocathode coatings are difficult to
optimized for efficiency. Transmissive photocathode coatings must be thick enough so that
photoelectrons are generated with high efficiency, but thin enough for the photoelectrons to
escape through the other side of the photocathode coating 10 to the microchannel plate 11. It is
therefore, difficult, if not impossible, to achieve the maximum quantum efficiency of the

photocathode in known image intensifying devices.

10
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[0032] An image intensifying device according to the present teaching has a reduced
probability of photocathode poisoning and, therefore, an improved lifetime compared with
known devices. The reduced photocathode poisoning is achieved without the use of a
conventional prior art ion barrier film and, therefore, does not have a reduced signal-to-noise
ratio and can have a very low level of halo image. Furthermore, an image intensifying device

according to the present teaching has relatively high quantum efficiency performance.

[0033] An image intensifier device according to one embodiment of the present teaching
has an image intensifier tube with an integrated photocathode that is directly deposited onto a
surface of the microchannel plate. The image intensifier tube can be formed in a high
temperature substrate. In one aspect of the present teaching, the properties of the microchannel
plate, such as the microchannel plate substrate, the resistive film, and the emissive film are
optimized to eliminate or to suppress ions, thereby reducing photocathode poisoning and
improving the image intensifier device quantum efficiency performance and lifetime. For
example, the image intensifier tube can include emissive and resistive films that can act as a
barrier to or minimally contain gaseous ions, such as H, CO,, H,O, and N gases, which are the

typical sources of the photocathode poisoning.

[0034] FIG. 2 illustrates an image intensifying device 20 including an image intensifier
tube 4 with an integrated photocathode 28 and microchannel plate 21 according to the present
teaching. The image intensifying device 20 includes an optical input clement 2’ that directs and
focuses light from the scene 16 being viewed into the image intensifying device 20. The optical
input element 2’ can be any type of imaging device, such as an objective lens assembly and a

mirror. An image intensifier tube 4’ is positioned adjacent to the optical input element 2’.

11
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[0035] The image intensifier tube 4’ includes a cathode window 8’. The cathode window
8’ is a plate that is formed of a medium that is transparent to the visible and infrared radiation.
For example, the cathode window 8’ can be a glass plate. The cathode window 8’ in the image
intensifying device 20 is a transparent medium that encloses the light input end of the image

intensifier tube 4’ so that a vacuum can be maintained in the image intensifier tube 4°.

[0036] In contrast to the cathode window 8 that is described in connection with the prior
art image intensifying device 1 shown in FIG. 1, the cathode window 8’ does not include a

photocathode coating on the inner surface of the window. Instead, the image intensifying device
20 integrates the phototcathode 28 into the input window of the microchannel plate 21. In some

embodiments, the phototcathode 28 is deposited directly onto the cathode window §’.

[0037] Thus, image intensifying devices according to the present teaching having a
phototcathode 28 integrated directly into the input of the microchannel plate 21. Such a device
structure overcomes or reduces the severity of many of the disadvantages of the prior art image
intensifying devices. For example, integrating the phototcathode 28 directly into the input of the
microchannel plate 21 reduces the probability of photocathode poisoning and, therefore,
improves the device lifetime compared with known devices. Also, integrating the phototcathode
28 directly into the input of the microchannel plate 21 maintains a high signal-to-noise ratio and
can result in a very low level of halo image. Furthermore, integrating the phototcathode 28
directly into the input of the microchannel plate 21 results in a relatively high quantum efficiency

performance.

[0038] Furthermore, integrating the phototcathode 28 directly into the input of the

microchannel plate 21 maintains a low energy barrier to introducing electrons into the

12
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microchannel plate 21. The low energy barrier is maintained because the microchannels in the
microchannel plate 21are open in the direction facing the photocathode 28. That is, there is no

ion barrier film present to restrict electron entry.

[0039] Thus, the photoelectrons generated by the photocathode 28 have no energy barrier
to overcome. This is in contrast to many conventional proximity focused image intensifier tubes
which include an ion barrier film on the input side of the microchannel plate. In these
conventional image intensifier tubes, the electrons must effectively penetrate the ion barrier to
get into the microchannels. Consequently, the voltage applied to the photocathode 28 of the
image intensifier tube 4’ should be lower than the voltage applied to other state-of-the art image
intensifier tubes while still providing an adequate level of applied electric field, and while also
still providing an adequate flow of photoclectrons to the microchannel plate 21. Therefore, the
spacing between the cathode window 8’ and the microchannel plate 21 can be significantly

reduced, which results in physically smaller devices and less expensive voltage power supplies.

[0040] Numerous types of microchannel plates can be used with the image intensifying
device of the present teaching. For example, one type of microchannel plate that can be used
with the image intensifying device of the present teaching is fabricated by forming a plurality of
small holes in a glass plate. See for example, the glass plate microchannels described in
Microchannel Plate Detectors, Joseph Wiza, Nuclear Instruments and Methods, Vol. 162, 1979,

pages 587-601.

[0041] Another type of microchannel plate that can be used with the image intensifying
device of the present teaching is a silicon microchannel plate. See, for example, U.S. Patent No.

6,522,061B1 to Lockwood, which is assigned to the present assignee. Silicon microchannel

13
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plates have several advantages compared with glass microchannel plates. Silicon microchannel
plates can be more precisely fabricated because the pores can be lithographically defined rather
than manually stacked like glass microchannel plates. Silicon processing techniques, which are
very highly developed, can be applied to fabricating such microchannel plates. Also, silicon
substrates are much more process compatible with other materials and can withstand high
temperature processing. Furthermore, silicon microchannel plates can be casily integrated with
other devices, such as the integrated photocathode 21. One skilled in the art will appreciate that
the substrate material can be any one of numerous other types of semiconductor and insulating

substrate materials.

[0042] Thus, in one embodiment, the microchannel plate 21 is formed of a high
temperature insulating substrate. The microchannel plate 21 substrate is coated with a high
temperature resistive and emissive film that provides the desired resistance and secondary
clectron emissivity for electron multiplication as well as purity for reduced ion contamination.
Coating the substrate with a high temperature resistive and emissive film with high purity greatly
reduces the number of clectrically neutral gas atoms originating from the pore walls. In some
embodiments, the resistive and emissive film in the microchannel plate 21 substrate also has the

desirable ion barrier properties. The resistive and emissive film can comprise one or more films.

[0043] For example, the resistive and emissive film can be a metal oxide thin film, such
as Al,Os3, MgO, and NiO,. The metal oxide thin film can be a single layer film or a
nanolaminate of multiple metal oxide thin film layers. In various embodiments, the
nanolaminates of multiple metal oxide thin film layers can include layers of materials, such as
Cu,0, CuO, Zn0O, and SnO,. For example, the resistive and emissive film in the microchannel

plate 21 substrate can include nanolaminate structures having at least one of ZrO,, HfO;, SiO,,

14
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Al,O3, NiO;, Cu,0, CuO, ZnO, and SnO; films. Also, in some embodiments, the resistive and
emissive film can be a nanoalloy with various doping elements. See, for example, U.S. Patent
Application Serial Number 12/143,732, entitled “Microchannel Plate Devices with Tunable

Conductive Films,” which is assigned to the present assignee. The specification of U.S. Patent

Application Serial Number 12/143,732 is incorporated herein by references.

[0044] In some embodiments of the image intensifying device of the present teaching,
the microchannel plate 21 includes multiple emissive layers. In various embodiments, cach of
the multiple emissive layers can comprise at least one of Al,O3, SiO,, MgO, SnO;, BaO, CaO,
SrO, Sc,03, Y203, Lay03, ZrO,, HfO,, Cs,0, SisN4, Si,OyN,, C (diamond), BN, and AIN. Using
a second (or more than two) emissive layers can greatly increase the secondary electron emission
efficiency of the microchannel plate. See, for example, U.S. Patent Application Serial Number
12/038,254, entitled “Microchannel Plate Devices with Multiple Emissive Layers,” and U.S.
Patent Application Serial Number 12/038,139, entitled “Method of Fabricating Microchannel
Plate Devices With Multiple Emissive Layers” which are both assigned to the present assignee.
The specifications of U.S. Patent Applications Serial Numbers 12/038,254 and 12/038,139 arc

incorporated herein by references.

[0045] In embodiments that include multiple emissive layers, the thickness and material
properties of the second emissive layer or multiple emissive layers are generally chosen to
increase the secondary electron emission efficiency of the microchannel plate compared with
conventional microchannel plates fabricated with single emissive layers. In some embodiments,
the thickness and material properties of the second emissive layer, or multiple emissive layers,
arc also chosen to provide a barrier to ion migration. In these embodiments, a separate ion

barrier layer is not necessary. In other embodiments, an ion barrier material is positioned
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between the first and the second emissive layer to reduce the possibility of ions traveling back to

the photocathode 28, thereby increasing the lifetime of the image intensifying device.

[0046] In yet other embodiments, an image intensifying device according to the present
teaching includes a microchannel plate with multiple emissive layers that do not require an ion
barrier in geometries where the photocathode is not formed directly on the input surface of the

microchannel plate. One skilled in the art will appreciate that there are many possible

configurations.

Equivalents

[0047] While the present teachings are described in conjunction with various
embodiments and examples, it is not intended that the present teachings be limited to such
embodiments. On the contrary, the present teachings encompass various alternatives,
modifications and equivalents, as will be appreciated by those of skill in the art, may be made

therein without departing from the spirit and scope of the teaching.

16



WO 2009/126845 PCT/US2009/040127

What is claimed is:

L. An image intensifying device comprising:

a. alens that is positioned at a light input, the lens forming an image of a scene;

b. animage intensifier tube comprising:

i. a photocathode that is positioned to receive the image of the scene formed
by the lens, the photocathode generating photoelectrons in response to the

image of the scene; and

ii. a microchannel plate comprising an input surface comprising the
photocathode and at least one of a substrate, an emissive film, and a
resistive film that suppresses the generation of ions, the microchannel
plate receiving the photoelectrons generated by the photocathode and

generating secondary electrons; and

c. an electron detector that receives the secondary electrons generated by the

microchannel plate and generates an intensified image of the scene.

2. The image intensifying device of claim 1 wherein the microchannel plate comprises a

reduced lead-glass microchannel plate.

3. The image intensifying device of claim 1 wherein the microchannel plate comprises a

semiconductor microchannel plate.

4. The image intensifying device of claim 1 wherein the microchannel plate substrate is

formed of at least one of Al,Os, Silicon, SiO,, plastic, and Si3Ny.
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10.

11.

The image intensifying device of claim 1 wherein the microchannel plate comprises a
first and a second emissive layer, the second emissive layer increasing the secondary

clectron emission cfficiency of the microchannel plate.

The image intensifying device of claim 5 wherein the second emissive layer in the

microchannel plate comprises at least one of Al,03, MgO, and NiO,.

The image intensifying device of claim 5 wherein the microchannel plate further
comprises an ion barrier layer that is positioned between the first and the second

emissive layer.

The image intensifying device of claim 1 wherein the microchannel plate further

comprises an ion barrier layer.

The image intensifying device of claim 1 wherein the microchannel plate comprises:
a substrate defining a plurality of pores extending from a top surface of the substrate
to a bottom surface of the substrate, the plurality of pores having a resistive material
on an outer surface that forms a resistive layer; and an emissive layer formed over the
resistive layer, the emissive layer being chosen to achiceve at least one of an increase
in secondary electron emission efficiency and a decrease in gain degradation as a

function of time.

The image intensifying device of claim 1 wherein the microchannel plate comprises a

resistive film comprising at least one of Cu,O, CuO, ZnO, and SnO,.

The image intensifying device of claim 1 wherein the microchannel plate comprises

an emissive film comprising at least one of Al,O3, MgO, and NiO,.
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12.

13.

14.

15.

16.

17.

The image intensifying device of claim 1 wherein the electron detector comprises at

least one of a phosphor screen and a charge coupled device.

An image intensifying device comprising:

a. amicrochannel plate having an input window for receiving an image of a scene,
the microchannel plate comprising at least one of a substrate, an emissive film,

and a resistive film that suppresses the generation of ions;

b. aphotocathode that is formed directly on the input window of the microchannel
plate, the photocathode generating photoclectrons in response to the received
image of the scene, the microchannel plate gencrating secondary electrons in

response to the generated photoelectrons; and

c. an clectron detector that receives the secondary electrons generated by the

microchannel plate and that generates an intensified image of the scene.

The image intensifying device of claim 13 wherein the microchannel plate comprises

a reduced lead-glass microchannel plate.

The image intensifying device of claim 13 wherein the microchannel plate comprises

a semiconductor microchannel plate.

The image intensifying device of claim 13 wherein the microchannel plate comprises
a first and a second emissive layer, wherein the second emissive layer increases the

secondary electron emission efficiency of the microchannel plate.

The image intensifying device of claim 16 wherein the microchannel plate further
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18.

19.

20.

21.

22.

comprises an ion barrier layer that is positioned between the first and the second

emissive layer.

The image intensifying device of claim 13 wherein the microchannel plate further

comprises an ion barrier layer.

An image intensifying device comprising:

a. ameans for forming an image of a scene;

b. amicrochannel plate positioned to receive the image of the scene, the

microchannel plate comprising a means for suppressing ion generation;

c. ameans for integrating a photocathode into the microchannel plate, the
photocathode generating photoelectrons in response to the received image of the
scene, the microchannel plate generating secondary electrons in response to the

generated photoelectrons; and

d. ameans for detecting electrons generated by the microchannel plate and

generating an intensified image of the scene.

The image intensifying device of claim 19 wherein the microchannel plate comprises

a reduced lead-glass microchannel plate.

The image intensifying device of claim 19 wherein the microchannel plate comprises

a semiconductor microchannel plate.

The image intensifying device of claim 19 wherein the microchannel plate comprises

a first and a second emissive layer, wherein the second emissive layer increases the
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23.

24.

25.

26.

secondary electron emission efficiency of the microchannel plate.

The image intensifying device of claim 22 wherein the microchannel plate further
comprises an ion barrier layer that is positioned between the first and the second

emissive layer.

The image intensifying device of claim 19 wherein the microchannel plate further

comprises an ion barrier layer.

The image intensifying device of claim 19 wherein the microchannel plate further

comprises a means for preventing ions from impacting the photocathode.

An image intensifying device comprising:

a. aphotocathode that is formed directly on a cathode window, the photocathode

generating photoelectrons in response to an image of a scene,

b. amicrochannel plate having an input surface for receiving photoelectrons
generated by the photocathode and being positioned directly behind the
photocathode and spaced from the photocathode by a vacuum gap, the
microchannel plate comprising at least one of a substrate, an emissive film, and a
resistive film that suppresses the generation of ions, the microchannel plate

generating secondary electrons in response to the generated photoclectrons; and

c. an clectron detector that receives the secondary electrons generated by the

microchannel plate and that generates an intensified image of the scene.
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