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environment, only a pass/fail determination need be made rather than performance

15  characterizations. Thus, in the manufacturing environment, conventional LCD test
equipment relies on an operator to analyze the performance measurements to
determine whether the LCD is suitable for sale to customers (i.e., to make the
pass/fail determination). These conventional test systems tend to be a bottleneck in
the manufacturing process, which is undesirable in a high volume production

20  environment where speed is crucial to profitability. In addition, conventional LCD
test equipment does not test a number of parameters that are useful in determining
whether an LCD device is suitable for sale, such as pixel defects or uniformity.

Therefore, there is a need for a test system that is suitable for use in a
high volume LCD production environment and that more accurately determines the

25  suitability of LCD devices for sale to customers.

Summary of the Invention

Briefly stated, the present invention provides a method and apparatus for
testing liquid crystal display (LCD) devices, and in particular LCoS display devices,
to achieve a pass/fail determination based on certain manufactured parameters of the

30 LCD devices. The present invention enables reliable pixel defect detection and pixel
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equal i zati 0gq4iABnd1Rbdd @bt Rhy BEPRFEMN 38 RAP ey siliible LCD devices. Itis
possible to perform both uniformity tests and pixel defect tests on devices that make
use of the side-illuminated test apparatus. The uniformity tests provide a measure of

20  the degree to which individual pixels in the device deviate from a nominal gray level
driven into the device. For pixel defect detection, a single pixel is examined for
variations in nominal operation by examining the gray level difference between the
pixel's actual gray level and the nominal gray level driven by the LCD device. Both
tests can provide a pass/fail determination for the LCD device.

25 In yet another aspect of the invention, a tester in accordance with the present
invention is capable of testing a digital device over a discrete number of gray levels
using a process of histogram equalization. An initial or sample histogram of the
gray levels of the LCD image is taken and compared to the nominal gray levels.
This method can reach a pass/fail decision for the LCD quickly with a reduced

30 requirement in complexity for the test apparatus.

In yet another aspect of the invention, as more LCD devices are tested, a

module can adjust the testing such that the portion if the test revealing the highest
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15  genetic (learning) module to improve throughput.

Detailed Description of the Preferred Embodiment

In a high volume LCD production environment, the inventors of the present
invention have appreciated that it is desirable that tests and test equipment provide
pass/fail indications, in addition to measurements of performance. As used herein,

20  "LCD devices" includes LCoS™ devices available from Three-Five Systems, Inc.,
of Tempe, Arizona. LCD test equipment currently available from vendors provides
what is referred to herein as "characterization data". That is, the data provided are
measurements of certain vendor-selected parameters, without any mechanism,
means or intelligence to determine whether the measured parameter is with a

25  specified tolerance. Rather, the determination is made by an operator. Such test
equipment cannot be easily automated. The costs involved in such a test system are
relatively high and generally result in a throughput bottleneck in a high volume
production environment.

In accordance with the present invention, a tester is configured to be

30 programmable with user-defined tolerances for various parameters measured by the
tester. In addition, the tester is configured to compare the measured parameters to

the user-defined tolerances in an automated test process to provide a pass/fail
3
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equipment employs illumination coaxial with the LCD device, which fails to reliably
test the device in its intended mode of operation. The concentric lighting creates
difficulties in the measurement of uniformity and determining gray scale differences

20  (i.e., pixel level defects) of an LCD device.

In contrast, a tester constructed in accordance with the present invention

provides many advantages to testing side-illuminated devices. For instance, where a
single illumination (white) source is used, the multiplexer under each pixel of the
LCD may be untested for opens and shorts. For color sequential systems, the single

25  illumination source is only on at the time the selected color is on to check
multiplexer operation. This type of single illumination source is unable to test for
color uniformity without a color filter system used to separate each color for testing.
A tester according to the present invention is configured to test the multiplexer under
each pixel for opens and shorts without a color filtration system.

30 Importantly, the inventors have determined that proper side-illumination of
the device under test device makes it possible to reliably perform the additional tests
of pixel defect detection and uniformity detection for color-sequential devices. The

effect of gradient illumination originating from side-mounted LEDs has not
: 4
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refocused light then passes through a polarizer 114 and a photopic filter 116 before
being received at a CCD camera 118. Typical LCD test equipment uses CCD
20  cameras having a relatively high resolution compared to the resolution of the L.CD to
measure parameters of a test image displayed by the LCD under test.
The side illumination of the LEDs 104 causes a gradient brightness to be
imparted to the device under test 102. The gradient in brightness can be discerned in
the test application further into red, green, and blue components (based on the LEDs
25  104). The brightness can be controlled via appropriate driving schemes (described
~ in greater detail below). A first scheme drives a white image by the tester with two
of the three LEDs 104 turned off such that a single color illuminates the LCD device
102. This driving scheme suffers from a slight disadvantage in that the total test
time may be longer than with other driving schemes. Alternatively, one of the three
30 LEDs 104 can be fired at each time interval, in a monochrome mode, to achieve a
similar result with a faster test time. From this discussion, it is appreciated and
understood that more LEDs 104 of various colors could be used for illumination in

the present invention.
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the LEDs 104.used,.in the test paratus 100 may be those that are integral
to the devi ?geaﬁﬁ@ﬁr}?%@pafﬁﬂs }ﬁ&t he case where the device is self-

contai ned. The admpnliagenhalbn tdtériith @silch ap B RS USDY D) deErehdiR ov8d time.ont ai ned
product s The LED 104 degradation is well characterized. A lifetime degradation function can
be employed in the test apparatus 100 in many ways, such as by describing a
20  function used in continual calibration or by rendering the test apparatus 100
inoperable after a number of uses. Figures 2-5 illustrate additional illustrative
components of one actual embodiment of an LCD test apparatus constructed in
accordance with the teachings of the present invention.
The inventors have noted that in certain types of color sequential devices, the
25  illumination color is modulated in time. The inventors have determined that this
feature poses unique challenges for determining the color, uniformity, and
brightness measure, and identifying the presence of pixel defects (or more
appropriately, gray scale differences from a nominally driven value). Further, the
illumination (often an LED) intensity decreases over time and may be configured in

30  an off-axis mode. The test apparatus 100 constructed in accordance with the present

invention is uniquely configured to test those more difficult parameters.
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decr eases 0\?)§?°rf1?pr?§ “élq’(fhﬁﬁffsf)‘g I%WIPﬁués’a?fﬁwgéﬁgﬂﬁméf?& ?é" ?‘rﬁ]ﬂ}g%e The test
appar at us 1@91&%‘1&@?&%%!@bﬁﬂ%@&%@ﬁ&aﬁﬂsfdﬁﬂﬁ BachtRSEMtervAINVRR i ONn i

uni quely configured to test those nore difficult parameters. 6 WO 02/039753
PCT/ US01/ 51 Zeivingcheme hasSuasivartagein (o testTimme Yy tegting insepaesgome tast f or t he

LEDs are illustrated for the device .operation.(Figure.6)..and test schenes
A (Figure 7)m°a daféle?tﬁtbsucro p%t’ec?w%?%m&@,y aFSaC%Iq e{}lgff %dsé}l%ﬁ%e ing into the
devi ce, 18nd Hdveevdr,idvivilg sSEERREBSMAPHE Heramldted If thedddvid@inder whitddel ho®e. Figure
6 illustrates a standard operation for LEDs that are integral with a LCD
devi ce. Dur ihaye wahility tastestin arapgrhroge. IEthappass, diversshepe By dlusirptadithat ed.

The

Figure 8, may be employed for situations where the product drive scheme can not be
redefined for test. Drive scheme B drives a white image as shown in Figure 6,
however, two of three LEDs are shut off. This results in a monochrome illumination

20  of the LCD when the ability of the LEDs to drive a monochrome source is not
available. It will be appreciated that although only R (for red) is illustrated as the
LED being driven in each illustrative test operation, other colors (such as green and
blue) may be substituted to adequately test each LED of the entire device under test
102.

25 Conventional LCD test devices do not specify drive sequences to examine
the subtleties in device uniformity. However, the human eye may be more sensitive
to non-uniformities of a particular color. The test apparatus may be configured to
test for that color first, in order to increase the throughput of the testing process.
Alternatively, to increase the speed of the testing process further, all colors may not

30  need to be tested. A single color may adequately reflect the pass/fail status of the

LCD device for the other test for color uniformity.



illumnation of all three LEDs produces a white inmage. For testing, it
preferred that a single color is driven by the test apparatus (shown in
Figure 1)wbDmwews3for uniformty on the LCD for that partipcaleor/sabor. 10
Driving schene A, illustrated in Figure 7, illustrates one driving scheme

i n accor daoHlitierniahTedieMade Pessible nventi on. According to driving schene A a

single color (i.e. Red) is drivencgl%hthe test apparatus during each tine

interval . This dhemsigodascapparaiis afthepresant Byention makes posykle adiviongy
testing in noghr - ! I reqoui ckly as
cach {1 e i R Al RREDE Gty Y8 petd dcpE b BSTTR deLEts ARG 6 Y 2
avai | abl e i feuttbmeticViveesushddditioaslttesioas relidble pirsialcfdre tedtsidnd iytifoxnityest i n

nonochronme. In that case, drjve scheme B, illustrated in in gure 8, my be
enpl oyedf ortests for deviensdhatraes dluminated B eqlonsenyentist Mapeer @af o Beartig-the-

redefined f | i V\Q,F%} gacg, . in Figure
6, homever%gl%\?\o&ﬁ% 5 ﬂ]drﬁgg cé@@@?@ tésj%hétﬁﬁg?j?m’ |Cgl r? sueatxgailﬁlﬂgmﬁ%%lg’chrone

i 1'1um nat i onhepresdnt iriventidzimakasrust béthehest apparaths d¢seribéDsbave tloit ipwevides

T o SPhafpios i AP bt o B P BER A iy, * 0"
illustrative test operation, other colors (such as green and blue) may be
substi t ut ed (hprRMegURLElY test each LED of the entire device under test
102. 25 Conventional LCD test devices do not specify drive sequences to
exam ne10t he subtThetun&brmity 6£MhE devide uhder st Y02 tihvimvdewed hea measine efe nmay be

nore sensitive to non-uniformties of a particular color. The test
appar at us mile drerecdarviieh wdividpal pists m dhe davige deBiaty fremagpoming! gryglevek o
i ncrease thed i . : I : i ncrease
t he speed o?’rﬁ%ﬁéﬂt{%gﬁ&%&% glgggltgle‘?hfrdtg%eea?ﬁgg%ﬁlc%a @%ilgéraﬂg&r?\é?l Il%‘gm%feégd to be
tested. A sibygheLEDkd04 nethe aglaenamaiay gragfltvet (e.g.hall blasls /allaivhites basamse of t he
LCD device for the other test for color uniformty. 7. 02/ 039753
FCTI USDL 515670 Skaamdiacingt reBtis dokire. BUSSrRan Sin0 ardidbrcramdiapptrat us o
the pregent ;i X&RLI AMhIBXES s i P8 Gnd dRl fndRBH analyBRl %?/_tarh%htrm k&t
performed to help identify suitable LCD devices for delivery to

shown) such as a computing system. The gray levels of all the pixels establishes a

nominal gray level for the entire LCD. The variability of each pixel from the

nominal gray level may then be analyzed in order to make a pass/fail determination.

In one example, the controller may compare the deviations to some predetermined
20  threshold of acceptance. If the measurements of the device exceed the threshold, the

device is failed.

Pixel Defects and Segmentation

For pixel defect detection, a single pixel is examined for variations in

nominal operation (e.g., Is the pixel operating? Is the pixel turning completely on
25  and off?). Pixel defects in the test application can be defined as gray level

differences from the nominally driven value. The tester can assign a nominal gray

level for each pixel that corresponds to the nominal gray level driven by the device.

By setting up the tester to compare the gray level differences with respect to the

nominally assigned gray levels, the tester can detect the pixel defects that are present
30  within the LCD.



custoners. Two such additional tests are reliable pixel defect tests and
uniformty 5 tests for devices that are illumnated in a color sequenti al
manner arOae/0sgas -t o-t he- eye devices. Unli ke conventi on®CTiESt/sequi pnent ,
which rely on axial illum nation, the present invention nmakes use of the
test apparaflesti@scri bed above that provides side illumnation to cause a
gradi ent brightness to be inparted to the device. Uniformty Testing 10 The
uni formity of th@odewifeetivmiderhigh volungmanpchsing @Wémﬁntaﬁé@a@ﬂﬁe of the

degree to which indipvidya t.he nal gray
level dri vé‘HlSFl?ﬁ%er% g@@ﬂﬁlgﬁﬁlaﬁp(?ﬁgf ;nrg? }éagfé? g)% c%%@%'eft @%éao(gew ce may
be illum na‘pﬁﬁed Bie fbfe pdeldcai Bd paddutcbRinepg®eriiie Iﬁl&knegFalythhﬁ\ésﬂon( theg., all

bl ack, all white, or sone shade of gray) across the entire deyice. The

gr adi ent5dr aiplenﬁorﬂ haykdeudpperkiurther igaypsanent inghe pioeessof testing KEDSED caner a
118, and the o h
conputi ng s%oltr% %]’?lﬁel gr%%§@1§ %??Sollﬂ{eﬁﬂh fﬁﬁé(‘g éu%@?%@ %gg aasngm nal

gray |evel bedseitbgh@stire LCD. The variability of each pixel fromthe
nom nal gray |level may then be analyzed in order to make a pass/fail
det erm nati on. ﬂi_éﬁém&:@%@@t he controller may conpare the deviations

to sone predeter ts of
t he device exceeg‘hgﬁrﬁ' ﬁ%ﬁ%@%\%ﬁﬁ%#ﬁg{cog& @Ieeﬂﬂg 2 Jesglké SFEEZ)I?H gts and
Segnent 401 onafuey. Thixdigitdbdatate atlotve discrety leaels phglag tq»be( dtivérsindRatesined f or
variations in  nonina eration th ? 1s the

pi xel turni I@SVIE‘E)n]B}gét{aLP‘}ap%ﬁcaI?@e%‘#ﬂ %?4"”1? “PP%@’IQ“%@F g@tt t%ﬁ“{"’%é © Plest
application sGﬁ‘\'X’ re te?%ﬂo@ﬁﬂ 1ﬁt% fintcBY8) 1n@bé<§1ﬁéz§ﬁ&%%séxf aay idveisnem nal Iy

driven val ue. er can SI gn a riom nal gray |evel for each pixel
that corres mmagtspremot:d:wmgotinm‘rathlngs lcallasl hlstogmmqeqwhw@nd Sunply, thepy

the  nom nal PAECar oty By e dhee gl Eui SrBepny pg, Ler e 1
defectsit hatdl:@ér&lt%&@ﬂ%ﬂéls {10 i E@blﬂafh@@wh-tﬁiﬂ th8 dMRaDEN4x39753 PCT/ US01/ 51297
Test time - The conventional test solutions do not take into account the possibility of
testing a digital device over a limited number of discrete gray levels. However, a
tester in accordance with the present invention is capable of testing a digital device
over a limited number of gray levels. The limited levels of information allow a
20 tester to take an initial histogram of gray values of the entire image. This data can
be rapidly analyzed and, based on the results, a decision to proceed with further
defect detection algorithms can be made in less time than with conventional
methods.
These nominally assigned intensity levels can be a 1:1 correspondence with
25  respect to the device gray levels. However, to improve the tester CPK or reliability,
the tester may have a greater number of intensity levels compared with the device
gray levels. Potential ratios include 2:1, 4:1, or the like. Improved reliability of
sampling is directly related to the discrete gray levels in the device. This pre-
processing routine results in cheaper tester costs (CCD array, camera buffer, and on

30  board memory costs are reduced) and faster testing (algorithm is specifically suited

to the gray levels observed in the LCD device).



To be effective in a high volune manufacturing environnent, LCD tests mnust
be performed as quickly as possible. The faster a part can be either failed
or passewp kloe7abre parts can be produced in a given tineCreoes512ppr t hat
reason, the 5 inventors have devel oped further inprovenents in the process
of testing LCDs fFast-Rai Baglei ckly identify V\/nether a part is likely to fail.
Two such net hods ualiz t|on The I nventors

have noted t hat ésb{eétr P@é‘%‘d@%ﬁ FucgeéﬁP@Hl Sé{ nﬁ’eEtﬂe Bfesg d%ﬁnflg]? canbe nat ure.

This digi ta'setrlﬁ)tlﬁra%@d faRWSoddl SHiEiRedsaNSlest iBfoughpt dfanBeditiduyaiRvice. t he test
device. Digital imges can be addressed with transforns (in the test

har dwar e or Inadditiown raerylonewaplnp‘rrl@wdd@ethm efjfirst teat faf meayhe gbtainedspiewsing eal | y

i st ogr arh csaRtAar boneey R Rt ERS gR e bl HEAUT PHSPURIHE J°

| evel s. The?ﬁldd'ﬁaﬁ@ﬁdlie’oﬂﬁipﬁlaﬁoﬁ@iiﬁ&ﬁ@ﬁdmh@eehhﬁtﬂ;&od&sfsh@raﬁﬂthegray | evel s
that can be obtained within the di ql tal 1 mage he conventional test
e

sol uti ons ddrehsbilitaRrEtesiingthy arast ik Yﬁ%luﬁﬁé%?flﬁlﬂeﬁlﬁoﬁhe fredeiing e gital
o Gamue it hTEAs BUE or B PHAGK B e BBy St R o e 1 o51EF 11

accordance W't resent 1nventron s of testing a
devi ce ovenlkalylfhﬂﬁrbed nunber of gray |evel s The linmited | evel s of

of the dRtire i migeinswAPS TeiernecanT b Aays ey yeliofidl PRI OBaGE on ¢ ne
results, a dggy, Fiﬁl?é?lt BPt}Brﬁ’ﬁéfﬁgn‘m&ﬁHeE WelfBfbwin g%{é:f) 3 Tﬁ@ftéasﬁzrr lRfrsal 985 1 t hns

can be made I'n I'ess an wth convention met hods. These nominal |y
assi gned i ntperfsinigd foevalhslevive underatest (DUTD in & tgsblotiehbeloaptincluds firgispect to

t he devi | th bility,
the tester NEpHRE/Le DUF Boeioh e R, HEBASTEY PROLT & CBREEE w th the
devi ce graypd ayata mBhashs. ateé’s%tréf@&blynﬁielﬁ@Tgné& bfindertedmartually.i ke

Improved-reiiability of sampling is difectly rel’ated to the discrete gray
| evel s il t hee dmbpdimenthhstepien-underdbeswitiod of » suifably pregtammed ¢pngieberyar
tester costs

reduced) and’récﬁﬁoéﬁ‘ef’ éé{“m%‘geffg’ﬂté% ,T}{rﬁw?szpnogvpeg (%]il?l %lgﬁilf/o i '@%i’o @gﬁ%ieagr;?ay
| evel s obsenyedagdthtiie thédalne@viede)Once the DUT is loaded, the test apparatus 102
performs part location to optically locate the DUT. At that point, a series of tests or
sequences of tests may be performed on the DUT. For instance, Test A 901 may be
20  apixel defect detection test, Test B 902 may be a uniformity test, and Test C 903
may be a brightness test. These specific tests are only given as examples and other
tests, more tests, or fewer tests are equally applicable.
At each test (901, 902, 903), the tester measures a predetermined
performance parameter of the LCD and compares the measurement to an expected
25  result. This expected result may in the form of a range of acceptable values or a
threshold value indicating a maximum or minimum acceptable value. Depending on
the measurement, the tester then indicates, at each step, whether the LCD passed or
failed the test. If the LCD passed the test, the LCD can then proceed to a next step
in the production process, which may include further tests. If the LCD fails any
30 particular test, the part is failed, but more importantly, failure data is stored by the
tester for analysis. Passing information may also be stored for those devices that
pass all tests. In this way (referring now to Figure 9B), the tester may perform an

analysis of the failure information associated with each failed test in view of the

10



9 WD 02/039753 PCT/ USO01/ 51297 First-Fail Mde A test apparatus constructed
in accordance with the present invention can be set up in a first fail
node. ThiwoIpmeds3the test throughput of an individual dewCaxdaiSol/sng7
addition, a nore sophisticated nmethod of first test fail may be obtai ned by
usi ng a 5 gensiinginfewmcltioni Gasedjorothat amalysisnihe tesbatche maka defeanigetdatsi ¢ nodul e,

a popul ation,of _failed. parts [ of  popul ation is a trad f between
da!tO appr ocesPRY tQﬁHrqqarg’hE‘)ﬁ %’Sﬁéﬁ&ﬁ‘ym&fi 't‘lggi“glr{@r'f‘}‘l@rﬁﬁ%éqaii’ g@ifog &lure) is
anal yzed f orpifiie 9‘§L\')ﬁa'éfngfaigiiéﬁ.elntﬁil%tra E&féttes%&%é‘}%l@nh@étlll%rd%ﬁfgﬁ%g{led based

on the probability distribution of e nost |r'kely tailure.

i nst ance, r dhetesisate given sothahtheftéstawithhthethigher petbabilidigs phifallinguare 9A, one
enbodi nept of the |nventi.on.inclydes the follow steps.. The tester enters
a | oop e_rfpgfft _64 %qon_gliagffrﬂ’é'\ﬁ “HheEr Ve lttrﬁi%gp‘?rl‘;?r‘g‘ at“etgﬁqs PRE" The 1 oop
includes fi reptire bai@esft devitet REbdAeBted. NThdiRvERSEs RRPAMAL USvibROL tIfdisBseps Wi th
robotic or other electro- nechanical mechanisnms. Less preferably, the DUT
may be i nserdissipsirengné skilled in theay nELePosiessan pravide sueh utomateddest t he
control of i Ly . e ontroller or processor (i.e., conputer
control), prq:lg?/c:h t(rals %Bévm@()%g%%&{beoegpg Iflerft%lqnhe LCD to display an inage that

i's then neasur ed. THOuWbevé eecildhtion ckanasiesand fta bR ideagupitid dedddidtionper f or ns
part location to optically |ocate the DUT. At that tgoi_ nt, a series of tests

or sequénc&d thymadaciuieAndyse geliugrativg eaibodimeents nf thegventien: dheweverest A
901 may be L Wel a uniformty
test, and Té‘g{’ﬁ %nggﬁreg%eag@ tgg%'r%l% etan%e{shg%thégjtgﬁ%@gg%g@fftﬁg tests are
only given asveatiamphedditiod totHose illustestédherapraa beasdde, withiouf departingefdm ar e
equal |y appl'cabl.e.néft eaép test (901, 902, 903), the tester neasures a
predet er m ndlf SRV aghseapc Rt the IYSBE of the LCD and conpares the
nmeasurenment to an expected 25 result. This expected result nmay in the form
of a range of acceptable values or a threshold val ue indicating a maxi num
or m nimum accept abl e val ue. Depending on the neasurenent, the tester then
i ndi cates, at each step, whether the LCD passed or failed the test. If the
LCD passed the test, the LCD can then proceed to a next step

11



in the production process, which may include further tests. If the LCD
fails any 30 particular test, the part is failed, but nore inportantly,
failure daDa2i0397stored by the tester for analysis. PassirgTiusdosizali on nay
al so be stored for those devices that pass all tests. In this way
(referring nowto Figure 9B), the tester may performan analysis of the
failure infqrdmiign associated with each failed test in viewof the 10 WO
02/ 039753 PCT/ US01/51297 passing information. Based on that analysis, the
tester can make det er rhmappapatss foatesting & hquidropysddidisplays§.Gyatevee DUT woul d
fail each particular test (901, 902, 903 of Figure 9A) being applied. In
that way, the tesCBPEV rearrange the order in which the tests are given

so that the tests \yhi Bmitigg QbABSILEORARLE o Sde-RlunliRdth W @D Yepicper f or med
sooner, thereby shortening the overall trime to performall tests on an

entire bat clsudf thdey pradient of lght issprodered moross ihedtlddsviggsert that, in vi ew of

the present discl gsureq . one ski I(ttedcai ﬂ'ﬁt he. art c%f L :{gst er.s _can provide

such automat ed t &t ]raug.Cvtlcfeoaﬁgpg? OWPHEUE™ TS él;(ep X{(’gtﬂ?a&ﬁs. The above

speci fi cati positione®ligsy a6 thadevidy savh @it a peAiHal oTttke %@&i@ﬁﬂ éftlighe 10 of the
e

manuf acture and use of illustrative enbodi nents of the invention. However,
as will be apfipctas fersdhol,Chrisyise dyqepeizerd bnthetramgra devigghgndenbodi nent s of t he

invention, in addit.i 0 ' t : A ' t
departing from t cteOhgrgllléri ctokgg%@% géo%%%%e%tsﬁgogl]%{/tg% igpcag’rlll.e Eiolﬁ%\%%ﬁg% %@8‘%53
PCT/ US01/ 5129D devicd Adcbtdidg toAntestppquiet et deteh@iiel wilgstleer thefUCD deficst al
display (LCD) device,  conprising: a light emtting device (LED) arranged
to side-ill difctDe setifd clits¥adevi ce  such that a gradient of light is
produced across the LCD device; a canera device arranged to capture an

i mage of the LCD device that is ositioned axially fromthe device such

that a portion of?-t he ‘Greappants of Claigr Whegsn BerddiD fs igtaeratéo theddevi ce i s
received by qLige cATRh HEY (8Pdevtddetains the LED after completion of the testing.

3. The apparatus of Claim 1, the LED further comprising a packagé of
LEDs that are different colors wherein each LED side-illuminates the LCD

separately according to a drive scheme.

4. The apparatus of Claim 3, wherein the drive scheme comprises a

scheme for side-illuminating the LCD device in a monochrome test mode.

5. The apparatus of Claim 3, wherein the drive scheme comprises a
scheme for side-illuminating the LCD device with one color by driving a
monochrome signal into a set of LEDs and with at least one LED in the set of LEDs
disabled.

6. The apparatus of Claim 1, the camera device further comprising a
CCD camera in combination with lenses, polarizers, a photopic filter, and a

polarizing beam splitter for capturing the image of the LCD device.

7. The apparatus of Claim 1, the set of criteria further comprising

uniformity among the pixels within the LCD device.

12



a controller configured to analyze a set of criteria applied to the inage
of the LCD device according to a test sequence, and determ ne whether the
LCD devi cwO mama47s3 t he set of criteria. 2. The apparat us ofPCTIE0NS®R9I7 wher ei n
the LED is integral to the LCD device such that the LCD device retains the
LED after conpl et8.on dn’hetdppaﬂa&sﬁlh ﬁlgaim37 Wﬂamimﬂpamabuaitpﬁmwgthe\pixels se LED

further conprisin acka t.are diff colors wherein
cach LED of GeEFHEN s AOFUSADNEr 1 B9 SEpUIP R ity S ACERIP B ER S5 fie. schens.
4. The appahghys of Claim3, wherein the drive scheme conprises a scheme
for side-illuninating the LCD device in a nonochrone test node. 5. The
apparatus of Claim3, wherein the drive schene conprises a schene for

side-illum natln t he (D). ochrone
S gmal intoa sadof (HErBEShEST LR O, &Pt kritie At PimfrisifP ROt 2

di sabl ed. 6 pixEhecfeppastaonfigakd @ st gray ldvel difivenae ittewpixel Withi sy LCBnpr i si ng
a CCD canera in_.conbi nat'a:ﬁy W th | ense pol ari zers, a photopic filter,

and a pol aff¥ich§opLaneEpallydeyen g2y 16T ir i ng the i mage of the LCD devi ce.

7. The apparatus of Caim1, the set of crlteria further conprising

uniformty anong the pixels wthin,the devi ce. /039753
PCT/ US01/ 51297 &0-Th %&?ﬁ%?fhﬁl erein {hedmaef 1s[ar\<gggﬁ P85S 4Y among

the pixels itﬁat@péﬁ%@ﬂnaag% iQaigyleati 1981V@3ed61nﬂ>r1ﬁ’téﬁs1%f 1e9é1§%1§es5619cﬁh$‘td”‘0m nal I'y
driven gray sca I mge . e apparatus of Clai'm1l, the Set criteria

further comdnﬁf&emtggraylm}»sealbtaﬂm‘demhmﬁmtmmgafl gured to test a gray |evel

difference in a pixel within the LCD device froma nomnally driven gray
| evel . 10. The apparatus of Claim 1, wherein the inage is a digital inmage
such that when tile irmgaeappsraam@tfﬁae‘nh ]iOt,wihsredhuiﬁd&‘edeﬁafttbeintmeim;sletvylsl evel s

correspond rc]> tﬁeolma?gle faIeetgs%H to gétg%nllg \%ﬁetﬁer ttﬁt idbe gex\fqﬂcé rrllfegts the set gp %tel‘la

and whether further testing is necessary.

12.  The apparatus if Claim 1, wherein the gradient of light reflected from
the LCD device is calibrated out prior to analyzing the set of criteria applied to the

image of the LCD device.

13.  The apparatus of Claim 1, the controller further comprising a genetic
module configured to re-order the test sequence by analyzing a population of LCD

devices according to when the LCD devices first fail during the test sequence.

14. A method of achieving a pass/fail determination for a liquid crystal
display (LCD) according to a set of predetermined characteristics, comprising:

side-illuminating the LCD using a package of light emitﬁng devices (LEDs)
wherein each LED has a different color;

capturing an image of the LCD with a camera device wherein the captured
image corresponds to light reflected from the LCD in response to the side-
illumination;

analyzing the image of the LCD according to the set of predetermined

characteristics; and

13



11. The apparatus of C aim 10, wherein a first set of the intensity |evels
of the image are used to determ ne whether the LCD device neets the set of
criteria wendosdies her further testing is necessary. 12. TReTApEFEdUS | f
Claim1l1, wherein the gradient of light reflected from the LCD device is
calibrated out ppratucing thepdsy/faihdetednenatizm infresponseanitize @pafyisised theoimdge | nage
of the LCD d?vi e...13. The apparatus of Claim1l, the controller further
conprising & Pc  nodul e confi gured to re-order the test sequence by
anal yzing a popul ation of LCD devices according to when the LCD devices
first fail during_the test sequence. 14. A nefhod of achievi a pass/fail
det er mi nati on fo?s-a | i Thgirpethedafi(dpim & Jphesgin siC u@&@&ﬂaﬂrﬁ}@ﬁ resudst  of
predet erm n s tle s hsith®y sSide-illumnating the LCD using
a package o?g? g E&gﬁ)n?%}?tﬁ%@%%t\yﬁgfegggk%%% wherein each LED has a
different color; capturing an image of the LCD with a canera devi ce wherein

the captured |mge CoiRRAy ¢ifin | Stnd:ah!eLaichi HTidPudrddIR i response

to the side- illunination; analyzing t’he 1 nage according to the
set of predetlkyraicdedt pidrao anilezing thedaraganfithe 3. CDatdt diB® #hthe BEWWIUS01/ 51297
produci ng the pass/fail determ nation in response to the analysis of the

i mage of t REcdetepmineg chamelefsliciod of C aim 14, wherein side-illum nating
the LCD results in a gradient of l.ight intensity across the LCD. 16. The
met hod of Claim 15, wherein the r_adiilﬁnt of I|] hil intensity is  calibrated

out pri or_to anallyzi nghetreethodfClaim { hevherpn sideotmmgting theleCR dprtlsr
t .S :
Gl Gei 11 um narphe = et e 9P na iy PO R FE R Nt ng e

LCD separ at ethenmccording to a drive schene.

18.  The method of Claim 17, wherein the drive scheme further comprises

a scheme for side-illuminating the LCD in a monochrome test mode.

19. The method of Claim 17, wherein the drive scheme further comprises

a scheme for side-illuminating the LCD using a single LED of one color.

20.  The method of Claim 17, wherein the drive scheme further comprises
a scheme for side-illuminating the LCD using a plurality of LEDs by driving a
monochromatic image into the plurality of LEDs while disabling a subset of the

plurality of LEDs.

21. The method of Claim 14, wherein analyzing the image further

comprises an analysis of color uniformity of the image.

22.  The method of Claim 14, wherein analyzing the image further

comprises an analysis of pixel defects of the image.

23. The method of Claim 14, wherein analyzing the image further
comprises an analysis of the image that reveals shorts and open circuit conditions for

a multiplexer associated with each pixel of the LCD.

14



18. The nmethod of Claim 17, wherein the drive schenme further conprises a
schene for side-illumnating the LCD in a nonochrone test node. 19. The
met hod ofwa0loaiosn7i¥, wherein the drive schene further conpPCIAs01/s129Thene
for side-illumnating the LCD using a single LED of one color. 20. The
nmet hod of O ai m 2%, wHaeeiathadf @riny &4,ciesein analyzing thedpinge fwther 3 schene

for side-illumnating the LCD using a plurality of Yy a
nmonochr onat PP r%leﬁé'mgm%wf’ Il?gocﬁfsutl{%ﬁ?? Vel ég%&%r){%c}flalgﬁglﬁgglﬁel dgn\ég%gubset of
the pl ural ighychodhatdetistidslof td 16t BRtR@sLtistich pistt irfa higher ginibeaodl yzi ng t he
image further conprises an analysis of color uniformty of the imge. 22.
The nmet hod &ilu@sai m 14, wherein anal yzing the image further conprises an
anal ysis of pixel defects of the inmage. 23. The nethod of C aim 14, wherein
analyzing the image further conprises an analysis of the inmage that

reveal s shorts aRd. opehm apperatiistforpredicingapadsieil dgterrpingtion Exerigiksoci at ed

ith h pi f h . 14.. 02/ 039753, P / ] . 24. h ret hod
o &y ore B olshe sp T E P ppb i ek aRta GlelbacR bombAgfe; 2% | T oL RO

process for det endindforaitledlldfinabihg @al §BIis afringdee $Psids4llimbinattthe h
characteristics of the set of characteristics result in a _higher nunber of
failures. 25CDnpsingpapeliage of bght spadigeidsyices @@ﬂ%ﬁ)ﬁéﬁ%ﬂﬂ@%ﬂrﬁlﬂa@%n for a
liquid cryﬁh@reﬂicg ay (LCD) according to user-defined tolerances,
conprising: a neans for side-illumnating the LCDis arranged to
side-illum nate thgeank @ capiurigg an pasgeagfehol.CD ightraggadttd icagtuckean ioage ( LEDs)
wherein each LED has .a different color;_ a, nmeans for capturing.an imge of
the LCD is &f heddeld With e deviee Wherge theimegreorespands 1 Hehl Fisckddevi ce
wherein thegl g I%Q;SHIQ liagt .ected fromthe LCD in response
to the si de-ﬁ':O urgﬁLCr%Tt)irugn; a ?r‘é&atﬁg S%‘dg:m%ﬁr}gilal)t}gl?’ng the image of the LCD is
arranged to anal yaeednk doriamalyeing the image of the LCD is arranged to analyze the image

of the LCD according to the set of predetermined characteristics; and
a means for producing the pass/fail determination is arranged to produce the

pass/fail determination in response to the analysis of the image of the LCD.

26.  The apparatus of Claim 25, the means for producing the pass/fail
determination further comprising a genetic module configured to re-order the test
sequence by analyzing a population of LCD devices according to when the LCD

devices first fail during the test sequence.

27. The apparatus of Claim 25, wherein the package of LEDs are integral
to the LCD such that the LCD retains the LED after completion of the testing.

28.  The apparatus of Claim 25, wherein each LED side-illuminates the

LCD separately according to a drive scheme.

29.  The apparatus of Claim 3, wherein the drive scheme comprises a

scheme for side-illuminating the LCD device in a monochrome test mode.

30.  The apparatus of Claim 3, wherein the drive scheme comprises a

scheme for side-illuminating the LCD using a single LED of one color by side-
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of the LCD according to the set of predeterm ned characteristics; and a
means for producing the pass/fail determnation is arranged to produce the
pass/ f ai IwoeR@sITshati on in response to the anal ysis of th@crmsgeseh7t he
LCD. 26. The apparatus of Cl aim 25, the neans for producing the pass/fail
det er mi nat i ofurhimatihgthed € miithi anghide ppeagetwhulertoohingeoiE thref dtherldiDg of atkeror der
the test segyence by anal yzi ng a popul ati on of LCD devices according to
when the LC8%%&vices first fail during the test sequence. 27. The
apparatus of C aim 25, wherein the package of LEDs are integral to the LCD
such that the LCD retains the LED after conpletion of the testing. 28. The
apparatus of C aim25, wherein each LED side-illumnates the LCD
separately according to a drive schene. 29. The apparatus of Caim 3,

wherein the drive schene conprises a schene for side-illumnating the LCD
device in a nonochrome test node. 30. The apparatus of Caim3, wherein the
drive schene conprises a schene for side-illumnating the LCD using a

single LED of one col or by side- 15 WD 02/ 039753 PCT/ US01/ 51297
illumnating the LCD with a white inmage while turning off the other LEDs of
other colors. 16
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