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(57) ABSTRACT

A camera includes a charge-coupled device (CCD). The
CCD has an anti-stokes phosphor bound to the light receiv-
ing surface of the CCD. The anti-stokes phosphor emits
electromagnetic radiation having wavelengths in the range
of 950 nm to 1100 nm. A housing surrounds the CCD and
defines a filtered aperture through which, in use, light can
pass and be received by the phosphor CCD.

7 Claims, 2 Drawing Sheets
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CCD CAMERA HAVING AN ANTI-STOKES
PHOSPHOR BOUND THERETO

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. § 119 to
European application number 00309030.5, filed on Oct. 13,
2000.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to a camera employing a
charged coupled device (CCD).

2. Background of the Related Art

This section is intended to introduce the reader to various
aspects of art which may be related to various aspects of the
present invention which are described and/or claimed below.
This discussion is believed to be helpful in providing the
reader with background information to facilitate a better
understanding of the various aspects of the present inven-
tion. Accordingly, it should be understood that these state-
ments are to be read in this light, and not as admissions of
prior art.

Many such cameras are available, however, very few are
sensitive to particular wavelengths. For example, there is a
need to provide a camera for use in the design and manu-
facture of optical communications high wavelength infra-
red systems, but very few cameras which are sensitive to the
wavelengths at which such systems work are presently
available. The cameras that are available are usually bulky
and expensive, making their application in many environ-
ments at best impractical, and at worst impossible.

The present invention may be directed to one or more of
the problems set forth above.

SUMMARY OF THE INVENTION

Certain aspects commensurate in scope with the originally
claimed invention are set forth below. It should be under-
stood that these aspects are presented merely to provide the
reader with a brief summary of certain forms the invention
might take and that these aspects are not intended to limit the
scope of the invention. Indeed, the invention may encom-
pass a variety of aspects that may not be set forth below.

There is a need to provide a camera that is inexpensive
and small, yet which is sensitive to particular infrared
wavelength ranges.

In accordance with one aspect of the present invention,
there is provided a camera comprising:

a charge-coupled device (CCD), the CCD having an
antistokes phosphor bound to the light receiving surface
thereof, and

a housing surrounding the CCD and defining an aperture
through which, in use, light can pass and be received by the
phosphor CCD.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other advantages of the invention will
become apparent upon reading the following detailed
description and upon reference to the drawings in which:

FIG. 1 is a schematic diagram of a camera according to
the present invention;

FIG. 2 is a schematic side view of a charge-coupled
device (CCD) employed in the camera of FIG. 1; and
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FIG. 3 is a graph showing the spectral response of an
example camera according to the present invention.

DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

One or more specific embodiments of the present inven-
tion will be described below. In an effort to provide a concise
description of these embodiments, not all features of an
actual implementation are described in the specification. It
should be appreciated that in the development of any such
actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must
be made to achieve the developers’ specific goals, such as
compliance with system-related and business-related con-
straints, which may vary from one implementation to
another. Moreover, it should be appreciated that such a
development effort might be complex and time consuming,
but would nevertheless be a routine undertaking of design,
fabrication, and manufacture for those of ordinary skill
having the benefit of this disclosure.

The term “anti-stokes” refers to an emission process
which does not conform to Stoke’s second law that a
material’s fluorescence emission is lower in photon energy
than the absorbed photon energy. many instances of such
effects have been observed in many material systems, but
perhaps the most efficient of these are from pairs of non-
identical triply ionized rare earth ions, e.g. Er**, Yb** doped
into a crystalline host.

The anti-stokes phosphor may be sensitive to light in the
wavelength range of 1500 to 1610 nm and preferably emits
in the range of 950 nm to 1075 nm. Anti-stokes phosphors
of this type have high efficiency, and they can be married to
relatively inexpensive CCD’s which are sensitive to the
aforementioned emitting wavelength range.

The camera may comprise one or more filters positioned
between the aperture and the phosphor coating on the CCD
in order to reject ambient light to which the CCD is normally
sensitive. The phosphor may be Y,O,S:ErYb, YF;:ErYb,
NaYF,:ErYb, La,0,S:ErYb, or a related up conversion
matrix for example. The phosphor may be bound to the CCD
by an adhesive such as an isobutyl/butyl acrylic copolymer.

Turning now to the drawings, FIG. 1 shows a schematic
view of a camera 1 according to the present invention. The
camera 1 has a housing 2 which contains a charge coupled
device (CCD) 3 having a phosphor coating 4 attached
thereto by a binder 5 (see FIG. 2). The camera housing 2 has
an aperture 6 which receives light from an object to be
viewed (not shown). The light then passes through one or
more filters 7 and 8 which filter out unwanted incident light
before it reaches the phosphor 4.

In this example, the phosphor is Y,O,S:ErYb and is
particulate, having a particle size range in the range of 5 pm
to 9 um and a density of 4.1 g/cm>. This is an anti-stokes
phosphor which has emission peaks which are excitation
dependent, but which can either be in the visible range or at
approximately 985 nm. The latter peak is a more dominant
photon process that is of significantly higher efficiency, yet
it still maintains a fast enough response time to complement
that of the camera and provide a lag free image.

FIG. 3 is a graph showing the spectral response from the
exemplary camera of FIGS. 1 and 2 using a system with a
resolution of 4 nm. This is based upon the provision of a
CCD sensitive to emissions from the phosphor in the range
0t 950 nm to 1075 nm. it can be seen that, although there is
not a flat spectral response in the operating range of the
camera, this is not important for imaging purposes. The level
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of detection is influenced by the non-linear response of the
phosphor with respect to incident illumination. However,
this response of the phosphor with respect to incident
illumination has the benefit of emphasizing brighter regions
of the image. The sensitivity of the camera can be as low as
2 ul/em?®. The phosphor camera cannot be readily used as a
measure of incident power or as a discriminator between
adjacent laser wavelengths due to the non-uniform spectral
response. The camera therefore can provide a good level of
light detection in the general range of 1500 nm to 1610 nm,
the operating range of many telecommunications devices
such as optical fiber and free space optical communication
networks as well as medical and biological imaging appli-
cations.

While the invention may be susceptible to various modi-
fications and alternative forms, specific embodiments have
been shown by way of example in the drawings and have
been described in detail herein. However, it should be
understood that the invention is not intended to be limited to
the particular forms disclosed. Rather, the invention is to
cover all modifications, equivalents, and alternatives falling
within the spirit and scope of the invention as defined by the
following appended claims.

What is claimed is:

1. A camera comprising:

a charge-coupled device (CCD), the CCD having an
anti-stokes phosphor bound to the light receiving sur-
face thereof, wherein the phosphor emits in the range of
950 nm to 1075 nm; and
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a housing surrounding the CCD and defining an aperture
through which, in use, light can pass and be received by
the phosphor.

2. A camera according to claim 1, wherein the anti-stokes
phosphor is sensitive to light in the wavelength range of
1500 nm to 1610 nm.

3. A camera according to claim 1, comprising at least one
filter positioned between the aperture and the phosphor on
the CCD.

4. A camera according to claim 1, wherein the phosphor
comprises ErYb in a host phosphor matrix.

5. A camera according to claim 4, wherein the host
phosphor matrix comprises one of Y,0,S, YF;, NaYF, and
La,O,S.

6. A camera according to claim 1, wherein the phosphor
is bound to the CCD by an adhesive.

7. A camera comprising:

a charge-coupled device (CCD), the CCD having an
anti-stokes phosphor directly bound to the light receiv-
ing surface thereof, wherein the phosphor emits in the
range of 950 nm to 1075 nm; and

a housing surrounding the CCD and defining an aperture
through which, in use, light can pass and be received by
the phosphor.



