COLOR.AND | NTENSI TY MEASURI NG MODULE FOR TEST OF LI GHT EM TTI NG COVPONENTS
BY AUTOVATED TEST EQUI PMENT FI ELD OF THE | NVENTI ON The present invention
relates to the optical testing of Ilight-emtting conponents and, nore
particularly, to a test nodule which nay be used in conjunction with
conventional automatic test equipnent to optically test light-emtting
conponents. BACKGROUND OF THE | NVENTION . El ectronic assenblies are built

wth a mltighgero | i ~emtiing conponents, primarily light emtting

di odes (LED s);gRt %NiDnW%Mﬁ%&%R?% NQRUEIS BOR UFEENQOBNLIBET

assenblies. |n FFTTONG t QOMPORENTSNERI ABTOAATER %@ng%bw#?Méﬁ t he
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operations of faults on these assenblies is conveye or emtted
by the devices. Light emtting diodes are available in colors covering the
entire visible spectrumas well as white. Various nethods have been

I npl emented to verify 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 presenei,p b@iyﬁﬁifﬁbﬁNT correct, color has becone extrenely
| nportant. P%ptodetectors € oyi ng narrow bandpass col or

| he present invention relates to the optical testing of
llght—emlttlng components and, more particularly, te a test
m whi : in Hu

odule which may be ‘used in conjunction with conventional

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

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 the operations_of faults on these assemblies is conveyed by

_ the'color emitted by the devices. Light emitting diodes are

z:i;l::lsh;:;.colors covering the entire visible spectrum as

N Various‘ methods have been implemented to verify éhe

”; ctorrect operation of these light-emitting components, from

test sequences where human verification is used, to' phéto
detectors employed to perform the tests automatically.

- Human  verification is slow and unreliable. While
pho?odetectors can easily verify that light is present
.?alldation of . the correct color has become extremel;
;?portant. Photodetectors employing narrow bandpass color
illters_ havel~been employed to test for the proper emitted




filters have. been enployed to test for the proper emtted -1 wavel ength,
with [imted success, since variations in output |evels of the

phot odet ect or cannot discrimnate intensity from 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 inplenentations require that 7
each photo tor . be custom zed. for, the particul.ar wavel engt.h of .the
Iight-enittgﬁé%ggﬁggﬁéntwﬁﬁgerf B At F T Y oad YRS aNd T 18XERSe 8 their
use. Cuntent phodweded ecbor solauti pRstaleteavairl aklaridt vagiedgiminate
configurations, some having the detector itself nmounted near the
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the |ight sambdumesent-itit9 ain eyt ekfgrggg{%r%vph(%ﬂgft G in the.
Consequently, a need exists for a test ul'e Tor automated test equi pnent
to tesvibighe semictting conponents whi ch addresses the probl ens associ ated

wth prior test par.at us. . SUVWWARY THE | NVENTI ON_One_aspect of the
present invgﬁtigﬁaﬁﬁéepdest ®fEst ™ 8&?8t95F086tiEﬁﬂF§rﬁea§5?aneESPor and

i ntensphytotickbghbr &8 téedcdmoneli gl ephdt bRGLdEV1ESS WRMId ity of
plurality of sensqrs, each sensor having photodetectors individually
filterbB®t dighds Fedtigte SPMRANEH] Uen@Ft F6AE, oRIFigiobllead j ghre and each

Sensor . praduei Ngoa SeAsOr Jhnaly, 4o e eaeiioARleshor 85GkYLAG and.

- condi tioning each sensor signal
available in various configurations, some having the detector
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 light
emitting components which addresses the problems associated

with prior test apparatus.

SUMMARY OF THE INVENTION

One aspect of the present invention provides a test
_module for optically measuring color and intensity of light
emitted from light-emitting devices comprising: a plurality of
sensors, each sensor having photodetectors individually
_filtered, toc pass red, green, and blue porticons of visible
light, and each sensor producing a sensor signal; and
electronics for receiving and conditioning each sensor signal

to produce wavelength and intensity output signals.



to produce wavel ength and intensity output signals. 2 Wien the |ight from
the photo-emtter to be tested is presented to this three-color sensor,
the individual outputs of the detectors divide the light into |evels of
red, green, or blue conponent. After signal conditioning the individual
col or conponents are converted to digital val ues, then 2a presented to a

preprogrannﬁg C ont.roll e h ntrol ogr d to,use the
conbi nati on #?@ ?H ﬁé c% %ﬂ 28%% vaTl%E fo§ﬁ£ ggnﬁﬁg %ﬁ% f-8nmi nous
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mat ch t no hronatlc in color to_ wavel ength, based on ClE color
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white color source. The mcrocontroller presents t wavel ength an

i nt ensFPyOry gPmpSNEStE gireakonyeanaldogocdngettér yalukiseh tiueaduce an  anal og
wavel ength value linearly scaled to the visible spectrum 380 nanoneters

t hrough 700 nanoneters, and an intensity output linearly representing

| um nous intensity. In the case of white, a voltage val ue above the
visible values w1l be output to indicate the presence of white |ight.
Light levels below a preset lowlimt wll force both the color and
intensity outputs to zero volts.
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These voltage values are read by the automatic test system and conpared
agai nst expected values to determne if the correct light-emtting
conponent has been installed and is operating correctly in the assenbly.
An alternate aspect of the present invention provides a color and
intensity test nodule for automated test equipnent conprising: a sensor
content of light emtted froma unit

assenbl I f detecting .colo
g&%%@%?%&3g% 5) pﬁﬁgﬁ? R ¢ A A St *to calculate intensity

under S means f or s ng 0 C
and wavel ermgich miad woodnt hel 1éghl sepirblednincemddeysdi thundempkiestionand an
output interface to present the intensity and wavelength date to the
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mat chi ng tabl es to determ ne wavel eng y conparing the color "ratios of
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| evel s of red, green, and blue; conditioning the red, green, and blue
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wavel epgth valbuecki nearly scaled to the visible spectrum generating an

intensity value linearly representing |um nous intensity; and reading the
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 intensity. In
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.

An alternate aspect of the present invention provides a
color and intensity test module for automated test equipment
comprising: a sensor assembly capable of detecting color
‘content of 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 presént‘ the intensity and
wavelength date to the automated test equipment in digital or
analog form. Wherein the means for processing uses a

predefined set of color ratios based on standard color



wavel ength val ue and the intensity val ue and conparing the values against
expected val ues. The test nodul e descri bed provides a | ow cost and easily
i npl enent ed net hod of perform ng parametric color tests on light-emtting
devices. It requires no calibration or setup once installed in the test
apparatus. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a schematic

per spect.i Vi e fy th i estin dul f the present jnvention
FI G Z&Ialg%gll}jl'gt alal%e:L SvieteC!W%Eet%ﬁeleqees aq‘f)? 0B o %%ec §6FéﬂgoF Bl B°2F 3a
FI G 3risiassolfemhii divhewoofi ttke testheodinie eahdedrGtekt. FIG 4 is a CE

col or natchég% chart; and FIG 5 is a CE color ratio matching chart.
DETAI LED DESCRIPHIOGRESr 1910 BigRet 11nYHat i PyhPreBsdpnganBatned10 of

the preserksinventian consi sis afsan, assembly of ﬁ@nﬁﬁift}ﬁ togephLeh the
light fromthe emtter under test is "presented. IR the I np gment at fon
shown, CPRBTESghE | §hei peieps t hé sdamtersingsi Agghicberfropt i theablégh)-14

connecting.tq._t LeNSOoL S USi | astic fiber co tor.(s 6. he. sensors
are Io%g ggaﬁﬁdggﬂ%a iB%tasﬁﬁﬁﬁé%ﬁ? %pr8988F'e35§%ﬁ£§Q# %m%iiﬁghFight.
El ectr dnicos ROrels t b asseTblgreeandi 4h@n Wihe ;sepsnnisigAahy, tHY ogegs the

red, green, and blue conponents of the |ight, and produce wavel ength and
i nt ensPE§SBut 1A _tﬂﬂﬁigﬁgﬁg@s; converting the levels into digital

values; generating an analog wavelength value linearly scaled
to the wvisible 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.

The test module described provides a low cost and easily
implemented method of performing parametric color tests on
light-emitting devices. It requires no calibration or setup

once installed in the test apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic perspective view of the 1light
testing module of the present invention;

FIG. 2 is a detailed view of the test probe of the module
of FIG. 1; '
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electronics 22 is provided to select one of n sensors on the nodule
corresponding to the light-emtter currently under test. A connector 24 is
provided for wiring the test nodule to automatic test apparatus to provide
power for operation, one of n sensor. selection, and output values. Al of
the conponents of the test nodule 10 can be nounted on a printed circuit
board 26 or other suitable device. Figure 2 is a detail view of the
termnation of the fiber optic cable 14 at the light emtting device 28 to
be tested. An end of the flexible plastic optical fiber 14 is encased in

a rigid tube BEGt o3 piovadechenatingvaesubdcyhbotkhe #ewuge damdergtest 28
mount ed on a Pfd¢ Nt £d; £i § cHi . fiber optic cable is cut flush
with the end %Egth@ %ﬁb% %%% Qgﬁéghgﬁacgggﬁogb?th G9¢hg adhesi ve backed
heat shrink tQEﬁﬂgg 1® dotEEtmelerbeptin posichion chatte tube. The

supporting tube is mounted rigidly, preferably by an adhesive 34, to a
Phe. devitfd R PERGEERFIGE%, 211 05 Providing a minimal Spacing from the
device to pr&afrrrimmgect Bigheef thetheorn ide aRdtIdRy WSkl AlgogREEhar 38
anal ) o R oARTeBRSork A RELAERD QI el BTATUAY oP Tt HESRAPEPed A | BRL
which the light from the emitter under test is presented. In
the implementation shown, the light is piped to the sensors
"using fiber optic cable(s) 14 connecting to the sensors using
plastic fiber connector(s}) 16. The sensors are located under
& light shield 18 to prevent entrance of ambient light.
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 light-emitter currently under
test, A connector 24 is provided for wiring the test module
to automatic test apparatus to provide power for operation,
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
3 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




I's collected by the fiber, dependent on the view ng angle of the
light-emtting device under test, and the spacing of the fiber fromthe
light-emtting device. Since color determnation is acconplished using
ratios of the primary colors, the percentage of the total |ight collected
Is not critical to the neasurenent. Wiile this particular inplenentation
uses fiber optics to couple the light, alternatively, simlar nodul es
could be inplenmented where the |ight sensor is nmounted at the |ight-

emtter gagdeL, t ,+a0d electrically connected to the electronics on the
test module for %Eﬁ o%@%sflﬁa.lcﬁef%?¢$ﬁg testt 8 schemate Tl i msFi gu6eiding hg

i ndi vi dUBlninel oppphbhodindas theadAlband, %&%M}} SoBE! 28 the 3epaor S
42 are aﬂ@|aéb§9e4ﬁnhg§nt%%ke0tﬁg b% an analog qutfR%Fggg? ﬁg_%n?héléﬁﬁlog
signal s age then di gL zéd by tr anareg e dPgitpalposddriverder onsan Tend
digital o SRh3I b§Peosler t e Soumadibal epaveitcl %&%ﬁgﬁé%xgufs ﬁ,‘;
wavel endtite anelt 1 a4 Ensi by rf § QMg 1€ ﬁggrogrocessor o e o9, Uesani ch
can be read, fgc t %he utomati c es% DBQFE%BQ 56 ﬁgﬁiﬂﬁg%ﬁt@ﬂllight
conpari son.  Ihe IOF%gr gr aﬁ\?edf*#%?opﬁ@@@s‘gent&brpem‘@r VG falrgul Al aNSoet O
det er ni A9 nkeat tomianihyavekenat hyafet he EECO’Qn]Qfg AING o Sl Tous
i ntensi N Pes CalgGyhat edyas a fuﬂ%tlon of the Lots o oyl ke tLhe
red, green and blue photodi ofit¥"C PAL{EEEE bydehécpr econdi sinoeng edhr
equal i z5fi gﬁmagﬁ_owaslspeeq;dmpéisﬁieﬁstus‘iﬁ@t Sréﬁfg&“r‘o%o gﬁée;é%ﬁfa:i;
sufti ci eollorkl, ghtné NERAYehEalG PEESEHe t @ RLQCEPS, O8I O L hE Prese not
critical to the measurement,

While this particular implementation uses fiber optics to
c.:ouple the 1light, alternatively, similar modules could be
1m5')lemented where the light sensor is mounted at the light-
emltter .under test, and electrically connected to the
electronics on the test module for Processing.,

Referring to the schematic in Figure 3, the individual
;:;lor photodiodes 40a, 40b and 40¢ which comprise the sensors
i are amplified 44 then selected by an analog multiplexer 46

e analog 51gnal$ are then digitized by the analog to digital
converter 48, Two digital to analog converters 50 and 52
E;nvea*:‘t the calculated values of wavelength and intensity from
. € microprocessor 54 to analog values which can be read béck
© the automatic test apparatus 56 for pass/fail comparison.‘

. The preprogram_med microprocessor 54 pexrforms calculations
o] ldetermlne intensity, and wavelength of the incoming 1light
Lumlnqus intensity is calculated as a function of the total
<fanergy captured by the red, green and blue photodiodes
bactored by the preconditioning and equalization which has
l%:e;: dc?ne. .Flrst, tests are run to determine if sufficient
ight intensity is present to process. Below the present

limd 1 i
mit, the Processing will terminate, and =zero volts



limt, the processing will termnate, and zero volts -5 programmed to both
the intensity and wavel ength analog to digital converters to indicate no
useabl e signal is present. If the lowlimt tests pass, tests are then
performed to check for equality of all three col or conponents for white
light determination. If the red, green, and blue conponents are equal
within a preset percentage, color calculations are skipped, and the

wavel ength out put value is set to a predeterm ned output voltage |evel

whi ch igﬁ£g§%es qdmhite source is present. If the test indicates the |ight
i s nono A TSt e OO phecebaiensity rumd f ivaste 14t ghggo%hetgrder
of the @bybrabycaecseasi H0:HagRil S his order, sets o

R SR A BorEehie

algorithns t | at e the wavel engt
calcul ate t hg%}gge%Vhawl&aﬂ% iRHIS opeeatsonse whierh panferded heor ed,

green, SMPHF uEoRREITIALicEY | nifo & NaVehera! hohased Qg difedd £ GROM;

conver siionyual dege LR{  JUTBR Pefeeption af col or, as shown in the g of
Figure 4. The chart shown I h Figure'%, TSHowSdHa9f s apRg &fluchecomphnemrzen
T g vesatsonge colegecsiOtions e
and useq, 25,30 | ey nt?l otn e r e CusREE: Rl e Thasm erdpr deasor
menory. - These tabl QBrPBLat ¥ 1 haoe atliere lof whédh gladicaaed bhueditect |y
i nt o t h&Cuggei val pmeseanel ength in nanoneters. The wavel ength is

If the test indicates the light is monochromatic, the
color processing is run, first determining the. order of the
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 ratio 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 t@e digital to analog converter, which represents a
éirect 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,



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

vol tage match to the cal cul ated wavel ength. For instance, 550 nanoneters
woul d output 550 mlivolts, or a nultiple of that value, to make the

vol tage nore readable by the automatic test system -6 Additional inputs
58 to the nodule are provided for digital selection of the sensor to be
addressed, as_well as power to run the nodule. The sensor or sensors are

capabl e of defeeithgnene l@Entent%f ted, tig eatodyl Ble Prdhi®led for
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wavelengi Wat a 1St fENsor can be a monolithic tricelor sensor, or

individual filtered photodiode sensors with the optics to

disperse the 1light equally across the 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,_at 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 processing

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 color 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 values, The test module which

provides a calculated wavelength output, based on the

proportion of the content of cclors detected in the light



automatic test equipnent in a digital or analog form In one enbodi nent,
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 remainder of the electronic processing.
Alternatively, the nulti-color sensor or a plurality of sensors can be
mounted with the processing circuitry, for use with fiber optic cables
used to collect the 2 light fromthe light-emtting device under test and

transmt he light signals to the sensors. The test nobdul e uses a

predef i r?éld:tpsugi Oo‘? %ﬂ%?oﬁﬁ?‘%t%s%ﬁp%wlwa@@mdecol or matching tables,
modi fi ed by Sdresotesespobele t @ldet eddi &em i el engt b,y i t he

col or rngg%JghgﬂFidgmgﬂkgg Iiggt irLespé%?¥vé§oghFﬁ§ é%ggpﬁ%eq%§Whe§.
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-8 CLAIMS: 1. A test nodule for optically neasuring color and intensity of
I'ight emitted fromlight-enmtting devices conprising: a plurality of
sensors, each sensor having photodetectors individually filtered to pass
red, green, and blue portions of visible Iight, and each sensor producing
a sensor signal; and electronics for receiving and conditioning each sensor
signal to produce wavel ength and intensity output signals. 2. The test
nodul e of claim1 wherein the electronics include a mcrocontroller
programed t%#H& a conbination of all col or component val ues to deternine
intensity and ratios of individual color values to algorithmcally match a
nmonochromatic input color to 3. The test nodule of clains 1 or 2 further
conprising fibet opthdShresiyHssiftdroned tisefheeneaherihghtobatt didg

devi ces undentmesityandst hei gansekstrda T €3t APyl b, C! aLM 3. wher ein

at least a c ogjgon_of the fiber optic cable is positioned in a tube which

is rigidly no Ated'9n the test nodul e adj acent the light- emtting devices

under test. 9 5.aTherheésty mfdweasofs anscongeedort m@vpﬁﬁ%t@ge%@&%
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visible light, and each sensor producing a sensor signal; and

electronics for receiving and conditioning each sensor

signal to produce wavelength and intensity output signals.

2. The test module of claim 1 wherein the
electronics include a microcontroller programmed td use a
combination of all color component values to determine
intensity and ratios of individual color values to
algorithmically match a monochromatic input coleor to

3. The test module of claims 1 or 2 further comprising
fiber optic cables positioned between the light-emitting

devices under test and the sensors.

4. The test module of claim 3 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

mul tiplexer. 7. A color and intensity test nodul e for autonated test

equi pnent conprising: a sensor assenbly capable 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
fromthe wunit under test; and an output interface to present the intensity
and wavel ength _date to the autonated test equiprment in digital or anal og
form Wherein the nah€ FEFtpPBERssi 7 vesne mledbri nedcsdinofcolmy

ratios baseteonistandaedseod draplosht dehdabines-t 9 defigr ahng; pavel ength by
conparing the color ratios of the light emtted by the unit under test. 8.

The test nodule of claim7 wherein the sensor assenbly are nounted
remotely at theéunit Toadeestestdahd oflaot dneablry teenpestedid® dhegyeans

for procesginRge i e Ji nmdu f _clainms 7. or 8 wherein the sensor
assenbly includes fiber gef)%ﬁ c ca eguﬁg%%rt (l)nga)}lfjéctmlpﬁdrﬁlerssi g €% rom

the unit uRBe+O¥ d8tltarderednsnit the |ight signals to the sensor assenbly.
10 10. The test nmodul e of any one of clainms 7 to 9 wherein the neans for
processi ng cal cul ates wavel ength based on a proportion of the red, green,
and bl ue conten%‘of fheclsgind detersdy fies tampgnbe hfomatitometed tigrg:

devi ce. equipment comprising:

a sensor assembly capable of detecting color content of
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 date to the automated test equipment in digital or analog form.

Wherein the means for processing uses a predefined set of color ratios
based on standard color matching tables to determine wavelength by corparing
the color ratios of the light omitted by the unit under test.

8. The test module of claim 7 wherein the sensor
assembly are mounted remotely at the unit under test and

electrically connected to the means for processing.

9. The test module of claims 7 or 8 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.
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11. The test nobdule of any one of the clains 7 to 10 wherein the neans for
processing deternmines a white source froma unit under test when all col or
sensor levels contribute equally to a total input. 12. The test nodul e of
any one of clainms 7 to 11 wherein the neans for processing further
converts an input light to an analog signal scaled directly from
nanonmeters to mlivolts or a nultiple thereof throughout a visible
spectrum of 380nmto 700nm 13. A nethod to test color and intensity of a
light- enitting devi cE*CdiSFi §pHye IvE spBpanofofdetedns ny td ghtwhereim t he

| i ght - emi t tiitig neteaiscerdy 1o oddys88reC Qo SONSQY 1w idt8ifthd e d ight, into
level s of red O?%gen, gnd blugé conditioning the red,” green, and bl ue
level s:  cOAVErting tRe Favefsdi i i gidrsl Narussntgehepht Firy hiptEnal og
wavel engt h degkaeed ifivearl yorseakedatia: chhet wigidek-ecspect runm generating an
intensity value linearly representing |umnous intensity; and reading the
wavel ength value and the intensity value and conparing the val ues agai nst
expect ed val ueslli4. Thwe tmstthoddoflecbdi amE3ombesei nhé hel sigp Ofccapari ng

uses a preggti-aed sat QL. 60l oF. M aEL9s, based;on standard col.or 11 natching
tabl es to deternine,mavelengt%rbé con%aﬁlﬁgd?$ﬁfmlnes a white source
from a unit under ftest when all color sensor levels contribute

equally to a total input.

1z, The test module of any one of claims 7 to 11 wherein
the means for processing further converts an input light to an
analog signal scaled directly from nanometers to milivolts or
a multiple thereof throughout a visible spectrum of 380nm to
700nm.

13. A method to test c¢olor and intensity of a light-
emitting device comprising the steps of

detecting light 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 values;

generating an analog wavelength value linearly scaled to
the wvisible 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.

14. The method of claim 13 wherein the step of comparing

uses a predefined set of color ratios based on standard color

11



color ratios of the detected light irrespective of an absolute val ue.

15. The nethod of clains 13 or 14 wherein the step of generating a

wavel engt h val ue provides a cal cul ated wavel ength output, based on a
proportion of the red, green, and blue colors detected by a nonochromatic
emtting device. 16. The nethod of any one of clains 13 to 15 wherein the
step of converting converts the detected |light to an analog signal scal ed
directly fromnanoneters to mlivolts or a multiple thereof through a
visible spegPFﬁﬁﬁngf1§§6ﬁ%t?9799ﬁﬁ¥mﬂﬁﬁ Theehertod 6 arywordnaf chains 13
to 16 whereicolble rastieps «f @ondittentng andufi | t.erdng qonditionand filter
t he conplingg%oﬁolors gaered, green and blue. 12

ute wa

- 15.The method of claims 13 or 14 wherein the step of

generating a wavelength value provides a calculated

wavelength ocutput, based on a proportion of the red,
green, and blue colors detected by a monochromatic emitting

device.

16. The method of any one of claims 13 to 15 wherein the
~step of converting converts the detected iight to an
analog signal scaled directly from nanometers to
milivolts or a multiple thereof through a visible spectrum
of 380nm to 700nm.

17. The method of any one of claims 13 to 16 wherein the

steps of conditioning and filtering condition and filter

the compliment colors of red, green and blue.
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