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SYSTEMS AND METHODS FOR
CALIBRATING LIGHT OUTPUT BY
LIGHT-EMITTING DIODES

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims the benefit, under 35 U.S.C. §120,
as a continuation of U.S. Non-provisional application Ser.
No. 10/842,242, filed May 10, 2004 (now abandoned), which
in turn is a continuation of U.S. Non-Provisional application
Ser. No. 09/675,419, filed Sep. 29, 2000, (now abandoned).
Ser. No. 09/675,419 claims the benefit, under 35 U.S.C. §119
(e), of U.S. Provisional Application Ser. No. 60/156,672, filed
Sep. 29, 1999. Each of the foregoing applications is hereby
incorporated herein by reference.

TECHNICAL FIELD

The present invention relates generally to light-emitting
diodes, and more particularly, to systems and methods for
calibrating illumination output generated by light-emitting
diodes.

BACKGROUND

Light-emitting diodes (LEDs), when disposed on a circuit,
accept electrical impulses from the circuit and convert the
impulses into light signals. LEDs are typically energy effi-
cient and can have a long lifetime.

Various types of LED exists, including air gap LEDs, GaAs
light-emitting diodes, polymer LEDs, and semi-conductor
LEDs, among others. Although most LEDs in current use are
red, LEDs may take any color. In addition, when several
LEDs, each of a commonly used primary color—red, blue or
green—are combined in different proportions, the combina-
tion can generate almost any color in the visible spectrum in
response to changing electrical signals. Alternatively, a single
LED may be designed to include dies, each with a primary
color (i.e., red, blue, and green), which can be combined to
generate almost any colors.

Traditionally, LEDs have been poor in their ability to gen-
erate sufficient light output for illumination. Accordingly,
LEDs have been used in low light environments, such as a
flashing light on a modem or other computer components, or
as a digital display of a wristwatch. However, over the past
several years, the ability of the LEDs to generate sufficiently
high intensity light output has increased substantially. Thus,
LEDs have recently been used in arrays for flashlights, traffic
lights, scoreboards and similar displays, and as television
displays.

Despite this new development, the manufacturing of high-
intensity LEDs is still a challenging process. In particular, it
has been difficult to precisely predict the performance of an
LED-based product in terms of total light output and quality
of the output. Specifically, as an LED increases in output
intensity, the quality of the output decreases.

In general, during manufacturing, the LEDs are tested for
total light output and subsequently classified into “bins”.
Depending on the manufacturer, however, this classification
can happen either after the semiconductor wafer has been
sliced into individual dies or after the die is packaged into the
LED plastic housing. In either case, for each LED, a light
output determination is made of both wavelength (the color of
light) and intensity of the output. The LEDs are then sorted
and sold based on the bin-type for which they have been
classified.
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It should be noted that even with bin sorting, there remain
substantial and perceptible differences in the light output
amongst LEDs. This difference, as a result, can lead to per-
ceptible differences in light output between otherwise iden-
tical LED-based products. Moreover, if “additive mixing” is
employed, wherein a few LEDs of different colors are mixed
to produce other colors, should the color in one or more of
these LEDs be off, then the results ofthe additive mixture will
also be off.

Furthermore, the light output from the LEDs may change
over time as a result of a variety of factors, and can also
contribute to perceptible differences in light output. For
instance, the LEDs may degrade or shift in color output over
time, as part of a normal deterioration of the LEDs. In addi-
tion, long term exposure of the LEDs to high heat, or requir-
ing the LEDs to maintain high intensity light output over an
extended period of time, such that the LEDs produce too
much heat, or if the heat can not be removed sufficiently
quickly away from the LEDs, such effects can accelerate the
deterioration of the LEDs and lead to permanent changes in
the LEDs.

Accordingly, it is desirable to provide a system which can
calibrate and adjust the light output of each LED, so that
uniformity in light output by the LED can be achieved, during
manufacturing, and subsequently maintained during the life-
time of the LED, either alone or in combination.

SUMMARY

The present invention, in accordance with one embodi-
ment, provides a method for calibrating light output by a
light-emitting diode (LED). The method includes generating
light output through the LED. Subsequently, measurement of
the light output generated by the LED is obtained. Thereafter,
the light output measurement is compared to a reference value
designated for an LED of the type similar in classification
(i.e., from the-same bin) to the LED being calibrated. Once
the comparison is made, if there are any differences between
the light output measurement and the reference value, the
light output of the LED being calibrated is adjusted against
the reference value. A calibration value is thereafter formu-
lated from the adjustment of the output measurement against
the reference value. Subsequently, the calibration value may
be stored in a manner which permits access by the calibrated
LED, so that upon a subsequent generation of light output, the
calibration value may be accessed to permit the calibrated
LED to generate a light output that approximates an output
accorded to the reference value. The light output may be
calibrated to adjust the intensity of the output, as well as the
color of the output by the LED. It should be noted that the
calibration protocol of the present invention may be imple-
mented in an environment where there is an existence or
absence of ambient light.

In another embodiment, the present invention provides a
system for calibrating light output by an LED. The system, in
one embodiment, includes a support to which an LED to be
calibrated may be positioned thereon. The system further
includes a photosensor, placed in a manner which permits
receipt of light output by the LED, for obtaining an output
measurement from the light output. The system further
includes a processor in communication with the photosensor
and for formulating a calibration value from an adjustment of
the output measurement against a reference value. The pro-
cessor may also be in communication with the LED for trans-
mitting thereto a resulting value from the calibration. A
memory mechanism may be provided in association with the
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LED on which the resulting value from the calibration may be
stored for subsequent access during light output generation
by the LED.

The present invention also provides a calibration device for
calibrating light output from an LED. The device includes a
support to which an LED to be calibrated may be positioned
thereon, and a photosensor adjacent to the support for obtain-
ing an output measurement generated by the LED. The device
further includes a communication mechanism through which
an output measurement from the photosensor may be com-
municated to a processor for formulation of a calibration
value, and through which the calibration value may subse-
quently be communicated to the LED and stored ona memory
device coupled to the LED. The device, in one embodiment,
may be a handheld device, and may include a display to
provide to a user status of the light output of the-LED being
calibrated. The device may also include an interface to permit
the user to vary light output parameters for the LED; and a
memory mechanism for storing the output measurement from
the photosensor, which output measurement can subse-
quently be communicated to an off-site processor for calibra-
tion processing. In an alternate embodiment, the device
includes a calibration processor therein for prompt and effi-
cient calibration.

In accordance with another embodiment, a calibration
device is provided for calibrating light output from an LED,
while permitting the LED to remain within its illumination
device (i.e., the LED does not have to be removed from the
light fixture for calibration). The calibration device includes a
housing, an activation unit for inducing light output from an
LED to be calibrated, and a photosensor at one end of the
housing for obtaining an output measurement from the light
output generated by the LED. The calibration device also
includes a communication mechanism in the housing through
which output measurement from the photosensor can be com-
municated to a processor for formulation of a calibration
value, and through which the calibration value may subse-
quently be received by the device and subsequently commu-
nicated to the LED in the illumination device. The device, in
one embodiment, may be a handheld device, and may include
a display to provide to a user status of the light output of the
LED being calibrated, an interface to permit the user to vary
light output parameters for the LED. The device may also
include a memory mechanism for storing the output measure-
ment from the photosensor, which output measurement can
subsequently be communicated to an off-site processor for
calibration processing. In an alternate embodiment, the
device includes a calibration processor.

The present invention further provides an illumination
device having a housing, an LED illumination source within
the housing, and a photosensor adjacent to the LED illumi-
nation source to obtain an output measurement generated by
the LED illumination source. The device also includes a
processor within the housing and in communication with the
photosensor for calibrating the output measurement from the
photosensor against a reference value. The processor in also
in communication with the LED for transmitting thereto a
resulting calibration value from the processor. The device
further includes a memory mechanism coupled to the LED
illumination source and on which the resulting calibration
value from the processor may be stored. The device may also
include a-display on which parameters regarding light output
from the LED illumination source may be provided to inform
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a user of the status of the light output, and an interface to
permit the user to vary the light output parameters.

BRIEF DESCRIPTION OF THE DRAWINGS

The various advantages of the present invention will
become apparent to one skilled in the art by reading the
following specification and appended claims and by referenc-
ing the following drawings in which:

FIG. 1 illustrates, in accordance with an embodiment ofthe
present invention, a system for calibrating light output from a
light-emitting diode.

FIG. 2 illustrates schematically calibration of light output
in accordance with an embodiment of the invention.

FIGS. 3A-B illustrate representative color peaks generated
from an LED before calibration and after calibration.

FIG. 4 illustrates, in accordance with an embodiment ofthe
present invention, a device for calibrating light output from a
light-emitting diode.

FIG. 5 illustrates, in accordance with another embodiment
of the invention, a device for calibrating light output from a
light-emitting diode.

FIG. 6 illustrates, in accordance with one embodiment of
the invention, an illumination device capable of calibrating
the light output of its light-emitting diodes.

DETAILED DESCRIPTION

Referring now to the drawings, in FIG. 1, there is shown a
system 10 for calibrating light output from a light-emitting
diode (LED). The system 10, in one embodiment, includes a
support 12, on which one or more LEDs 13 to be calibrated
may be positioned. The support 12 may also accommodate a
module (not shown) with one or more LEDs 13 therein,
similar to those modules used in connection with various
LED illumination devices. Such a module is disclosed in U.S.
Pat. No. 6,016,038, which is hereby incorporated herein by
reference.

The system 10 also includes a photosensor 14 for measur-
ing the photometric output (i.e., light output) of the LED 13.
For the ease of discussion, reference will be made to a single
LED 13, with the understanding that the system 10 is capable
of calibrating multiple LEDs. The photosensor 14, may be
placed in any location relative to the LED 13, so long as the
photosensor 14 can receive the output by the LED 13. Accord-
ingly, the photosensor 14 may, for instance, be adjacent to the
LED 13, or in substantial alignment with the LED 13, as
illustrated in FIG. 1. An example of a photosensor which may
be used in connection with the system 10 for obtaining an
output measurement from the LED 13 is a photosensor manu-
factured by Ocean Optics Device, which can measure the
color output, as well as intensity of the output.

In addition to a photometric sensor, other types of sensors
may be used to measure the light output of the LED 13.
Examples of sensors which may be used include, but not
limited to, a photometer, spectrophotometer, spectroradiom-
eter, spectrum analyzer, spectrometer, CCD, photodiode,
photocell, and thermocouple.

A processor 15 may be provided in communication with
the photosensor 14 to calibrate and adjust the output measure-
ment received from the photosensor 14 against a reference
value for intensity and/or color for such an LED. (A detailed
description of the calibration process will be described here-
inafter below.) The processor 15 may also be in communica-
tion with the LED 13, so as to transmit to the LED 13 a
calibration value (obtained from the calibration and adjust-
ment of the output measurement against the reference value)






