COLOR AND | NTENSI TY MEASURI NG MODULE ' FOR TEST OF LIGHT EM TTI NG
COVPONENTS BY AUTOVATED TEST EQUI PMENT FI ELD OF THE | NVENTI ON The present
invention relates to the optical testing of light-emtting conponents and,
nore particularly, to a test nodule which may be used in conjunction with
conventional automatic test equipnent. to optically test light-emtting
conponents. BACKGROUND OF THE | NVENTI ON El ectronic assenblies are built
with a nultitude of Ilight-emtting conponents, primarily light emtting
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operations of ¢ SNGNCOHBONENT S B AHTOMATEMBASSY BQUT BMENTOl or emitted
by the devices. Light emitting diodes are available in colors covering the
entire visible spectrumas well as white. Various nethods have been

i npl enented to verity the correct operation of these light-emtting
conponents, from test sequences where human verification is used, to photo
detectors enployed to performthe tests automatically. Human verification
is slow and unreliable. Wile photodetectors can easily verify that |ight
is present, validation of the correct color has becone extrenely
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module which may be ‘used in’ conjunction with conventional

‘automatic test equipment to optically test light-emitting
components, A |

BACKGROUND OF THE INVENTION

Electronic assemblies are built with a multitude of
light-emitting components, primarily light emitting diodes
(LED's), to indicate functions, or faults occurring on the
assemblies. In addition to light, information on the nature
of tbe operations of faults on these assemblies is conveyed by
the color emitted by the devices. Light emitting diodes are
available in colors covering the entire visible spectrum as
well as white. |

Various_ methods have been implemented to verify éhe
Correct operation of these light-emitting components, from
test sequences where human verification is used, to photo
detectors employed to perform the tests automatically.

Human verification is slow and unreliable,. While
photodetectors can easily verify that 1light is present,
Validat;on of the correct «color has become extremely
itmportant. Photodetectors employing narrow bandpass color
filters have. been employed to test for the proper emitted



col ors approaching the edge of the passband. This becones critical in the
very narrow col or bands in the visible spectrum In addition, these,

i npl ementations require that each photodetector be custom zed for the
particul ar wavel ength of the light-emtting conponent. under test, adding
|l ead tinme and expense to their use. Current photodetector solutions are
available in various configurations, sone having the detector itself
nounted near the light-emtting conponent, where others wuse fiber optic
cable to collect the light and present it to a renotely nounted
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itself mounted near the light-emitting component, where others
use fiber optic cable to collect the light and present it to a
remotely mounted photodetector. Consequently, a need exists
for a test module for automated test equipment to test 1light

emitting components which addresses the problems associated
with prior test apparatus.

SUMMARY OF THE INVENTION

The present invention provides a test module and a method
to accurately test the operation of light-emitting devices
described, and provides parametric values for color and
luminous intensity, which can be compared automatically to

expected values. The test module contains a sensor or
plurality of sensors, each of which contains three
photodetectors, The three photodetectors are individually

filtered to pass the red, green, and blue portions of the
visible spectrum.

When the 1light from the photo-emitter to be tested is
presented to this three-color sensor, the individual outputs
of the detectors divide the light into levels of red, green,
or blue component. After signal conditioning the individual
color components are converted to digital wvalues, then



-2 presented to a preprogrammed m crocontroller. The mcrocontroller is
programmed to use the conbination of all of the col or conponent values to
determne the lumnous intensity and the ratios of the individual color
values to algorithmcally match the nonochromatic i nput color to
wavel engt h, based on CIE col or matching values. Additional tests are nade
to determine if the color conponents are all. above a preset threshold,
i ndicating the presence of a white color source. The mcrocontroller
presents the wavel ength and intensity values to digital to anal og
“converters Iﬁg%iqrfroduce an anal og wavel ength value linearly scaled to
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DESCRIpﬂ¥9ﬂ<§°“ﬂﬂ§-DRAMVNGS FIG 1 is a schematic perspective view of the
|'i ght The microcontroller presents the wavelength and intensity
values to digital to analog converters, which produce an
analog wavelength value 1linearly scaled to the visible
spectrum, 380 nanometers through 700 nanometers, and an
intensity output linearly representing luminous dintensity. 1In
the case of white, a voltage value above the visible values
will be output to indicate the presence of white light. Light
levels below a preset low limit will force both the color and
intensity outputs to zero volts.

These voltage values are read by the automatic test
system and compared against expected values to determine if
the correct light-emitting component has been installed and is
operating correctly in the assembly. ’ ‘

The test module described provides a low cost and eaéily
implemented method of performing parametric color tests on
light-emitting devices, It requires no calibration or setup
once installied in the test apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic perspective view of the light
testing module of the present invention;

FIG. 2 is a detailed view of the test probe of the module
of FIG. 1;



testing nodule of the present invention; FIG 2 is a detailed view of the
test probe of the nmodule of FIG 1; -3 FIG 3 is a-schenmatic view of the
test nmodule of FIG 1; FIG 4 is a CIE color matching chart; and FIG 5 is
a ClE color ratio matching chart. DETAI LED DESCRI PTION Referring to Figure
.1, the light testing nodule 10 of the present invention consists of an
assenbly of sensors 12 to which the light fromthe emtter under test is
presented. In the inplenmentation shown, the light is piped to the sensors
using fiber optic cable(s) 14 connecting to the sensors using plastic

fiber conne r(s) .16.. The sensors ,are | ocated under | ight _shield 18 to
prevent ent%@gbe%oﬂsaﬁbﬁgagqq Vigy rﬁhﬁtﬁ?%ﬁ)%ﬂgéiﬁa%@s%%%iylF
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el ectronics IS provi to sel ect one of n nsors-on the nodule
corresponding to the light-emtter currently under test. A connector 24 is

provi degThorEn DrserTrerigst nodule to autonmatic test apparatus to provide
power for operatiaqn, .one of n sensor, selection, and output values. Al of
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‘using fiber optic cable(s) 14 connecting to the sensors using
plastic fiber connector(s) 16. The sensors are located under
a light shield 18 to prevent entrance of ambient 1light.
Electronics 20 on the assembly condition the sensor signals,
process the red, green, and blue components of the light, and
produce wavelength and intensity outputs. Additional
electronics 22 is provided to select one of n sensors on the
module corresponding to the 1light-emitter currently under
test. A connector 24 is provided for wiring the test module
to automatic test apparatus to provide power for cperation,
one of n sensor selection, and output wvalues. All of the
components of the test module 10 can be mounted on a printed
circuit board 26 or other suitable device.

Figure 2 is a detail view of the termination of the fiber
optic cable 14 at the light emitting device 28 to be tested.
An end of the flexible plastic optical fiber 14 is encased in
a rigid tube 30 to provide pointing accuracy to the device
under test 28 mounted on a printed circuit board 32. The
fiber optic cable is cut flush with the end of the tube 30,
and held in position using adhesive backed heat shrink tubing
to hold the fiber in position in the tube. The supporting
tube is mounted rigidly, preferably by an adhesive 34, to a
plate 36 to provide centering of the assembly at the optical



under test 28 nounted on a printed circuit board 32. The fiber optic cable
Is cut flush with the end of the tube 30, and held in position using
adhesi ve backed heat shrink tubing to hold the fiber in position in the
tube. The supporting tube is nounted rigidly, preferably by an adhesive
34, to a plate 36 to provide centering of the assenbly at the optical -4
center of the device under test 28, as well as providing a mnimal spacing
fromthe device to prevent damage to the fiber or device under test. A
connector 38 is positioned on an end of the tube 30. The nunerical
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While this particular implementation uses fiber optics to
couple the Llight, alternatively, similar modules could be
implemented where the light sensor is mounted at the light-
emitter under test, and electrically connected to the
electronics on the test module for processing.
Referring to the schematic in Figure 3, the individual
color photodiodes 40a, 40b and 40c which comprise the sensors
42 are amplified 44 then selected by an analog multiplexer 46.
The analog signals are then digitized by the analog to digital
converter 48, TWo digital to analog converters 50 and 52
convert the calculated values of wavelength and' intensity from
the microprocessor 54 to analog values which can be read back
to the automatic test apparatus 56 for pass/fail comparison.
The preprogrammed microprocessor 54 performs calculations
to determine intensity, and wavelength of the incoming light.
Luminous intensity is calculated as a function of the total
energy captured by the red, green and blue photodiodes,
factored by the preconditioning and equalization which has
been done. First, tests are run to determine if sufficient
light intensity is present to process. Below the present
limit, the processing will terminate, and zero volts



the m croprocessor 54 to anal og val ues which can be read back to the
automatic test apparatus 56 for pass/fail conparison. The preprogramed
m croprocessor 54 perforns calculations to determne intensity, and
wavel ength of the incomng light. Lumnous intensity is calculated as a
function of the total energy captured by the red, green and bl ue
phot odi odes, factored by the preconditioning and equalization which has

been done. First, tests are run to determne if sufficient light intensity
is present to process. Bel ow t he pr esent limt, the processing wll
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color by decreasing magnitude. Based on this order, sets of
algorithms to calculate the wavelength are called. These
algorithms calculate the wavelength by mathematical operations
which convert the red, green, and blue magnitudes into
wavelength based on the CIE color conversion values for human
perception of color, as shown in the graph of Figure 4.

The chart shown in Figure 5, shows the ratioc of the red,
green and blue color mix throughout the visible range., These
ratios alternatiyely are calculated based on the levels
present at the sensors, and used as an index into lookup

tables contained in the microprocessor memory.. These tables
correlate the ratios of red, green, and blue directly into the
equivalent wavelength in nanometers. The wavelength is

converted to a scaled voltage, which is then output by the
digital to analog converter.

Once the wavelength is determined, a digital value is
output to the digital to analog converter, which represents a
direct voltage match to the calculated wavelength. For
instance, 550 nanometers would output 550 milivolts, or a

multiple of that value, to make the voltage more readable by
the automatic test system.



green and bl ue color m x throughout the visible range. These ratios
alternatively are cal cul ated based on the levels present at the sensors,
and used as an index into |ookup tables contained in the m croprocessor
menory.- These tables correlate the ratios of red, green, and bl ue
directly into the equivalent wavel ength in nanoneters. The wavel ength is
converted to a scaled voltage, which is then output by the digital to
anal og converter. Once the wavelength is determned, a digital value is
output to the digital to anal og converter, which represents a direct
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sensor disperpeocebsi rigi gapakiguially yt 0Oagabsyl atie three sensors. The
colors are not limited to three and can be any number or
color, required to effectively differentiate the incoming
wavelength, The test module has the capability of selecting
the individual sensor, the processing capability to calculate
the wavelength from the levels of the sensed colors, and an
output interface to present the wavelength data to the
automatic test equipment in a digital or analog form.

In one embodiment, the multi-color sensor and
amplification or a plurality of sensors and amplifiers are
mounted remotely,lat the light emitting~device under test, and
electrically connected to the remainder of the -electronic
processing. . Alternatively, the multi-color sensor or a
plurality of sensors can be mounted with the proceséing
circuitry, for use with fiber optic cables used to collect the
light from the light-emitting device under test and transmit
the light signals to the sensors. The test module uses a
predefined set of c¢olor ratios based on standard color
matching tables, modified by sensor response, to determine
wavelength by comparing the color ratios of the incoming light
irrespective of the absolute wvalues. The test module which
provides a calculated wavelength output, based on the
proportion of the content of colors detected in the light



t he wavel ength fromthe | evels of the sensed colors, and an out put
interface to present the wavel ength data to the automatic test equi pnent
in adigital or analog form In one enbodinent, the nmulti-color sensor and
anplification or a plurality of sensors and anplifiers are nounted
renotely, at the light emtting-device under test, and electrically
connected to the remai nder of the electronic processing. Aternatively,
the nulti-color sensor or a plurality of sensors can be nmounted with the
processing circuitry, for use with fiber optic cables used to collect the
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1. Atest nodule for-optically neasuring color and intensity of |ight
emtted fromlight-emtting devices conprising: at |east one sensor having
phot odet ectors to filter color portions of the light fromthe
light-emtting devices, the sensor producing a sensor signal; and

el ectronics for receiving and conditioning the sensor signal to produce
wavel engt LEBIMB:i ntensity out put signals. 2. The test nodule of claiml
wherein there are a plurality of sensors and each sensor has three

phot odetectors individually filtered to pass red, green, and bl ue portions
of visible light. B. tEhé testuleodide obtidallys deayurdngheralior t dmed

el ectroni g dglyde g mgracontrgllen Proghamyed, Lomse;as cqahipalion of
all col or conponént Val ues to determine  Intens y an fafi os of "1 ndi vi dual
col or val gemptiginglgorithm cally match a nmonochromatic input color to
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| i ght - emi pe¥Higpnsdend cebe uddehtt dromarfdet helddnmsmistingy Fheicesst Aerlul e of

claim4 wogrein ataleass éaseggggigipﬂyﬁ;tggdfiber optic cable is positioned
in a tube which is rigidly nounted in the test nodul e adjacent the |ight-

emtting devi cebeqiideiceestor greceiTHaot eand nednfiet biniagy e eFnshe
precedi ngs £d A 1M o POSEGED 18858075218+ RRS ) QRedubingdainadl.ight shield.
7. The test nodul e of any one of the preceding clains
2. The test module of claim 1 wherein there are a
plurality of sensors and each sensor has three photodetectors
individually filtered to pass red, green, and blue porticns of

visible light.

3. The test module of claims 1 or 2 wherein the
electronics include a microcontroller programmed to use a
combination of all «color component wvalues to determine
"intensity and ratios of individual color values to
algorithmically match a monochromatic input color to

wavelength based on CIE color matching values.

4. The test module of any one of the preceding claims
fiber optic cables positioned between the light-emitting

devices under test and the sensors.

5. The test module of claim 4 wherein at least a
portion of the fiber optic cable is positioned in a tube which
is rigidly mounted in the test module adjacent the light-

emitting devices under test.



wherein the electronics further include anplifiers and an anal og
multiplexer. 8 A color and intensity test nodule for automated test
equi pnment conprising: a sensor assenbly capabl e of detecting col or content
of light emtted froma unit under test; means for processing the col or
content to calculate intensity and wavel ength data of the light emtted
fr3n1the lunit%underhéeﬁéifémwmua@ améaﬂy bﬁée@fa@ﬁetpyquﬁia@gtc}hgmintenfity
and wavel engt, ta to the automated test ui pment in digjtal or analog
form "o, G PRhom 0y 2CF et MRER e e daAubr hilhnbl v Car e
nounted renotely at the unit under test and electrically connected to the
nmeans for processing. 10. .The test dule of clains 8 or 9 wherein the
sensor assenb?y ingW?uﬁ§§9iqﬂﬁﬁESpngagﬁb?%% %ée%h?cp§§ﬂ%Q%89 Fﬁaﬁ ® signals
fromthe wieteimndele t edkecandnigsangnkthéhe ihicghtle singnalfseto tdnel semsor
assenbly.a&%R)TgEl£§s£e££gule of any one of clains 8 to 10 wherein the
means for pro eSS|ngpuses'a predefined set of color ratios based on
standard col or matching tables to determ ne wavel ength by conparing the
COl or rati 0sS Oé the lé hl& g%t%%e:fﬁq)é t?gsy%t uligd%grtg o'majt%'d EQEtteSt
modul e of any onhe d? cl'arns 0 erern ?%e means for processing
cal cul at esqwiavehangdhpbased:on a proportion of the red, green, and bl ue
content of the,lLght,, dﬁs%?n%ﬁg EQFaé‘l%DS'PC%PJ@éi'n% QThbLi Rgfeyi cgs 13. The
test nodul e of any one of the claflns to

light emitted from a unit under test;

means for processing the color content to calculate
intensity and wavelength data of the light emitted from the
unit under test; and

an output interface to present the intensity and
wavelength data to the automated test equipment in digital or

analog form.

9. The test module of claim 8 wherein the sensor
assembly are mounted remotely at the unit under test and

electrically connected to the means for processing.

10. The test module of claims 8 or 9 wherein the sensor
assembly includes fiber optic cables used to collect light
signals from the unit under test and transmit the light

signals to the sensor assembly.

11. The test module of any one of c¢laims 8 to 10 wherein
the means for processing uses a predefined set of color ratios
based on standard <c¢celor matching tables to determine
wavelength by comparing the color ratics of the light emitted

by the unit under test.
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wherein the means for processing determnes a white source froma unit
under test when all color sensor levels contribute equally to a total
input. 14. The test nodule of any one of clains 8 to 13 wherein the neans
for processing further converts an input light to an analog signal scaled
directly fromnanoneters to mlivolts or a multiple thereof throughout a
vi si bl e spectrum of TBE80rERL Bodd DO by ofe Nt haGike $esd 1wokaerand

intensity_of a light: emtting.device c risin he steps of detecting
i'ght 11 OFNE hEPPShtCo8m PTTTRT 4891 oISy LAECE hPBd=dBhah SBRSST: i 1 er i ng
t he |ight pratextievelcs afher ethd,grgern, anddbluer coandnt i oni nget heghed,

green, angeggé¥%d %%%Ig; con ertlgg thet:eveI$ into digital values;

generating an anal 0g de%‘%héPﬁava G NABE ?vﬁ%ﬁled to the visible

spectrum generating an intensity value linearly representing |um nous
intensity; and.read] he. wavel.ength val ue and.the intensity val and
conparing the %%Iuegﬂgg%?%%tm%iﬁ%%t%% Val Ut i%. ec%%¥ﬁ%d¥o?oc %in115
wher ei n t Weestigp bifie coppasi fgr ysesecaspreddbtandisst of wboter spatcos based

on standag g ol Qy JELGALAG LAPL85 1 9, LTl N Mayeh epoih fuy.coppaci ng the

color ratros of t etec I'i'ght Trrespective of an a
The met hotdedllsl dions Gt ib®ubherein the step of generating a wavel ength
val ue provides a cal cul ated wavel ength output, based on a proportion of

the red, green, and bl ue
14. The test meodule of any one of claims 8 to 13 wherein

the means for processing further converts an input light to an
analog signal scaled directly from nanometers to milivelts or
a multiple thereof throughout a wvisible spectrum of 380nm to
700nm.

15. A method to test color and intensity of a light-
emitting device comprising the steps of

detecting 1light from the light-emitting device by a
three-color sensor;

filtering the light into levels of red, green, and blue;

conditioning the red, green, and blue levels;

converting the levels into digital wvalues:;

generating an analog wavelength value linearly scaled to
the visible spectrum;

generating an intensity value linearly representing
luminous intensity; and

reading the wavelength value and the intensity wvalue and

comparing the values against expected values.

16. The method of claim 15 wherein the step of comparing

uses a predefined set of color ratios based on standard color
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colors detected by a nonochromatic emtting device.- 18. The nethod of any
one of clains 15 to 17 wherein the step of converting converts the
detected light to an analog signal scaled directly from nanoneters to
mlivolts or a multiple thereof through a visible spectrumof 380nmto
700nm 19. The nethod of any one of clains 15 to 18 wherein the steps of
conditionmagcmﬁnbfﬂdbﬂesing dmnnﬁmﬁhenwawmﬁéﬂdthebytbempaxmn@itmentoc@tors of
red, green nd bl ue. e for cal y asuri and

| htens Ly OFLT% ot kP eah, G dieeBRE AR L Ry BRaTRHEl | e
her ei n deselm@ed with reference to the acconpanying dramnngs. 21. A color
and intensity test nodule for autonated test equipnent, substantially as
herein described with reference to the acconpanying draw ngs. 22. A nethod
to test color ahd ifAhensetlyodfofa d¢lghms- 1é&motrt ileg wheviete, tsebstamt¢fl |y as

herein deggripad W LNy bel S{EICE 00! PEoAGREARARNKH BT HAMNYR1 ength
output, based on a proportion of the red, green, and blue

colors detected by a monochromatic emitting device.

1i8. The method of any one of claims 15 to 17 wherein the
step of converting converts the detected light to an analog
signal scaled directly from nanometers to milivolts or a

multiple thereof through a visible spectrum of 380nm to 700nn.

19. The method of any one of c¢laims 15 to 18 wherein the
steps of conditioning and filtering condition and filter the

compliment colors of red, green and blue.

20. A test module for optically measuring color and
intensity of 1light emitted from light-emitting devices,
substantially as herein described with reference to the

accompanying drawings.

21L. A color and intensity test module for automated test
equipment, substantially as herein described with reference to

the accompanying drawings.
22. A method to test color and intensity of a light-

emitting device, substantially as herein described with

reference to the accompanying drawings.
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