METHOD AND APPARATUS FOR | NSPECTI ON OF LI GHT EM TTI NG SEM CONDUCTOR DEVI CES
USI NG PHOTOLUM NESCENCE | MAG NG 5 CROSS REFERENCE TO RELATED APPLI CATI ONS

[ 1] Thi s watert17eppl i cation clains priority of US provi #Conpto1peisesst
application No. 61/500,987 filed June 24, 2011, the application is

i ncorporated herein by reference. 10FI ELD OF THE I NVENTION [2] The present
invention relates to a nethod for inspection of light emtting

sem conduct or devices during and after a production process. The |ight

em tting sem conductor devices can be LEDs. [3] The present invention
also relates to an apparatus for inspection of light emtting

15sem conduct or devices on a substrate. BACKGROUND OF THE | NVENTI ON [ 4]

Sol i d state MiFA'HODWNDAPPARA FEY FUR IRIFECTAIOASOFANIN EENMPTERVGENT | onal

srall {0 mPMIEPAHERER P BRISG HPOTBAARE R RMARTRG T g

Di ode) _die/chip. Basis 20 for LEDs is a sem conductor nmaterial that is
underg%i ng a conpl ex production process in order to obtain a LED. Several
met rol ogy and inspection steps are done during and after that production
process. [ 5] Measuring the output power of an LED is typically done

cach LED die and & reapsdditr S BgTERagarip sPPLICRTIARNS 6% Tont out put
Bop! 1 cat | S hoSBR Pripobe EENGLETS THBFhOM Undresppadoue gP i BREBAtY ng
defects ig18069687 GRAdMRE 04, Mllsﬂhkhﬁﬁ[&aﬁéﬂ HGh&drFordted MRRM bErdfGERES at ure, and
in an efficient time, using photo um nescence. The invention enploys the

use of a high intensity beam of referably having a spot size between
0,1 m?- 0,5 lam and a peak oFrIEéP‘s éPFpBWéE Eé@i@.ty of 104 - 109 Wcn®R
with aviewto

[002] The present invention relates to a method for inspection of light emitting

semiconductor devices during and after a production process. The light emitting

semiconductor devices can be LEDs.

[003] The present invention also relates to an apparatus for inspection of light emitting

15  semiconductor devices on a substrate.
BACKGROUND OF THE INVENTION

[004] Solid state lighting (SSL) has several advantages compared to conventional
lighting. Main advantages are low power consumption, long lifetime, and small form
factor. An important element of SSL is the LED (Light-Emitting Diode) die/chip. Basis
20  for LEDs is a semiconductor material that is undergoing a complex production process
in order to obtain a LED. Several metrology and inspection steps are done during and

after that production process.

[005] Measuring the output power of an LED is typically done using a probing system.
In this system, electrical contacts are made to each LED die and a measurement is done

25 ofa.o. the generated light output power and optionally the wavelength.

[006] The international patent application WO98/11425 discloses a method and

apparatus for detecting defects in a semiconductor or silicon structure at room



generating a high concentration of charge carriers, which charge characters
detect 5defects in a sem conductor by interacting with same. These defects
are visi bve 201/ppsmduci ng a phot ol um nescence i nage of treTaBINIZ/0FBdELCt OF .
Several wavel enghts nay be selected to identify defects at a selective
depth as well as confocal optics are used. This nethod perforns probing of
a very small volune of the material with one or nore | aser beans having

very smal Itengmtu@ Zf inkA FRAA tQubias pisbhRtinéseRSThE BOENtich employs
US- A- 7,504, 642 B2 where one or nore inmges are created using filtering and

i mage conpetuse b hieh 18iEnsEt hopet §f lt%héﬁlte@ef&blﬁélﬁ‘él@g ajspeigézedictivera G bmeet ed
layer of . n@%%ﬁd a‘ﬁ*éé &t Ne%’aﬁggﬂélg%%éélsf&gf:h? _uipnagt st Gons (lQHgi ons of ot her

| ayers of 't sare hot'ol um nescence to identify
def ects i geungingra hirgh eompﬁtratidneccfcmtgerch@ierd apéhschafgeahsiatplsalctdone or nore
filtering elements are used to 15 filter out predeterm ned wavel engths of
return®li §RiCCE MR & pRBICPR 05 bé’éﬁtﬁ?aétmgﬂ"(éhé?@ﬂef)@ﬁ%ﬂ?féﬁs feevesiBlsdvhs are

sel ected {'Eﬁilﬂcffngg h8 lLﬁnfn@&%ﬁ& il %QBf RO SERRY guéw?. 9 I'arW?{{;%[ ﬁ?er 2 f i ed

mat eri al ayers e sanple Is detected. |t|ona ly or a ively,
t he wavel bngetlhct@d toi 1dmt1fyldbfebnsgha sedecrcmetdeplthjammlltdseosﬁmilwtlmag'rebleectel ected

Sol bt od Aararaed Pasms o waet Soekapr Lo RmefuRRhlr R or npare

char act er izt eafis hﬁ{,ﬂng&@f}ls‘,{n@n{ 6t §ike one or nore specified material |ayers
is generated. [008] The international patent application WO 2007/128060 Al

descrl bes hqt ol um nescence based th sting of indirect bandgap
(e.g. @Jﬁl g&ﬁ%"&@ﬁﬁ‘ Frd €prabesl Nk . gﬂ‘[ @%?n%g heBronstorSRRFe e P egi ons
in two or A St RGESFilt dﬁﬁtlﬁﬁggeo&(ﬁn sttintBRER ARy &@aeta'd VP of

determ ning spatially resdlved properties in indirect bandgap sem conduct or
devi ces sunehsezi@t@bllawr of elwader, whilo tryingrtb etimmete ynveqodtd cajmttymesmbf/@her

propertie ndi r ec, m conduct.or devi ce m ned by
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2012/ 1761
more specified material layers of the sample is detected. Additionally or alternatively,

the wavelength of incident light directed into the sample may be selected to penetrate the
sample to a given depth, or to excite only one or more selected material layers in the
20  sample. Accordingly, defect data characteristic of primarily only the one or more

specified material layers is generated.

[008] The international patent application WO 2007/128060 A1 describes a
photoluminescence based method for testing of indirect bandgap (e.g. Si) semiconductor
materials, based on comparison of several regions in two or more images. The method is
25  suitable for identifying or determining spatially resolved properties in indirect bandgap
semiconductor devices such as solar cells. In one embodiment, spatially resolved
properties of an indirect bandgap semiconductor device are determined by externally
exciting the indirect bandgap semiconductor device to cause the indirect bandgap
semiconductor device to emit luminescence, capturing images of luminescence emitted
30 from the indirect bandgap semiconductor device in response to the external excitation,

and determining spatially resolved properties of the indirect bandgap semiconductor



devi ce based on a conparison of relative intensities of regions in one or
nore of the | um nescence inmages. [009] Quality control of LED is becom ng
nore and wonreixremsal since LEDs are used for illum natipamiBioi2/oss052rport ant
that, e.g., the LEDs used for the back illum nation of a 5TV set are of
simlar intensities. Therefore a qualityy control of the |ight output power
of LEDs needs to be done. Such quality control was until now done by

el ectri calibyicepare@6h bREmphEsdaf réIRtfiebinft@litiansf fchdhs MeaRWrintge bhtheen tt ed
| i ght out put, power. This has several disadvantages: LEDs nay get danmaged

during pr iﬁgwe@ﬁdHWEQ*is sl ow and requires an additional tool. 10SUMVARY
OF THE I NVENTION [0010] It is an object of the invention to provide a

net hod f orogayi Qtﬁh]&’ty%ﬂﬂtréleﬂﬂﬁ}m ¥% UB&E AN RQnt hh cReMESin&NLEDSdrcdliéedn LED
during a production process. Furthernore, the method shoul d be easy to use

and shoul émbeminatipudhisemperterddhatoye.t the LEED used b theebaslribeming8pwofia] The
object_is hi eved hy.,a.nmet hod r. snspection of .light,. em ttin
oot conudor GETt R (TRRIRG, ThEetelo PR o B Db s wi eh a

l'i ght souLE®safecdsrddt dofc. BueR q@dlity enttd]Ghs varll adw densBntleariculBt or with a
waveband of |ight, wherein the waveband of |ight kA + kB can generate

el ect r on- kentectpgithea LER (prabing) gnd thepimeapwianstbarenitad iahs pupst potss. Ths pect ed:
det ecti ng ; . eCcli I tya . ' emtted
by the |1 P car g AR, Lo ect U A o AR Hhon phpting s S 20 o
W th a senspircofn additdorat ®wol.hat is sensitive to wavel engths of the emtted

| i ght and the wavel ength of the emtted light is above the a width of the

25waveband; and transferrhﬂ%wgﬁgﬁYqﬁF ﬁ@@ﬁﬁ%ﬂjkight, captured with the
m

sensof, to a conputer syste or cal cul'ating Tnspection results of |ight

emtting sem conductor. 4
[0010] It is an object of the invention to provide a method for quickly and reliably

measure the light power emitted by an LED during a production process. Furthermore,
the method should be easy to use and should not influence or destroy the LED to be

measured.

15  [0011] The object is achieved by a method for inspection of light emitting

semiconductor devices, comprising the following steps:

¢ illuminating with a light source at least an area of the light emitting
semiconductor with a waveband of light, wherein the waveband of light A
+ A can generate electron-hole pairs in the light emitting semiconductor to

20 be inspected;

e detecting through an objective lens at least a part of the light Ac emitted by
the light emitting semiconductor, wherein the emitted light is captured with
a sensor of a camera that is sensitive to wavelengths of the emitted light
and the wavelength of the emitted light is above the a width of the

25 waveband; and

o transferring data of the emitted light, captured with the sensor, to a
computer system for calculating inspection results of light emitting

semiconductor.



[0012] It is a further object of the invention to provide an apparatus the
i ght power emtted by an LED during a production process. Furthernore, the
appar at uswehoiddeine easy to use and shoul d not influenceconBrasbsos2 t he LED
to be neasured. [ 0013] The object is achieved by an apparatus for

i nspection of light emtting 5sem conduyctor devices on a substrate,
conprising: a light source; an objective lens defining a detection beam

path,;  a[EENEIEs Wiirthed obRASHthPRSLitiANE Prdvidd hitappetentithonghgamepat h, for
receiving light fromthe light emtting sem conductor devices via the

obj ecti ve emet?%i; byrapvid? diring hproslapi@y proess stusthsrryersythe eapaatya phpedd B¢ t he
light em ttJ ] I Ces; r for calculating a
waf er map %%%%Qggféﬁfﬁgﬁ@%o?gnfﬁxgﬁé%ﬁ dse%trrl o@?@rﬁjﬁo baesréiégsspﬁ) g'y in order to
visual ly display the wafermap. 15[0014] For defect inspection the

phot ol um Mﬂééﬁg@@ﬁﬁe&ﬂcm@ved%dna@p@ramsrﬁ@r ipspepti@kof ightemitings i1 um nati on

effeCtseh?@&ﬁgn&q'}?orfdiegﬁg%]&lqu@ﬁ%‘%%qﬁ%ﬁrﬂ%} are buried or at |east are not
n. ’

vi sible i n"normal 1 nspecti o Imrent i ve setup it is as well
possible to find cuts (finger cuts) or interrupts in the nmetallization
| ayer. Additiona | ylightwuraeyention all ows the detection of

non- honogeneities of the LEDs. The light emtted fromthe LED 20 is

Sore parts whi1 & ni s e BRI B e TG f or xarpl et & dark
edge at the corner of the LED does not |ight up). [0015] According to an

enbodi ment of the krymedkivath 4 keason gpsitioeed int thadetsemncladusttlo fodeviivieg ar e

o natied wi th allght, s046e QML Mt A% il il Bony e 100 1T ont
10 wherein the sensor registers grey scale values of the light emitting

semiconductor devices;

e a computer system for calculating a wafermap from data registers by the

sensor; and
e adisplay in order to visually display the wafermap.

15  [0014] For defect inspection the photoluminescence effect is used as a kind of back
light. This illumination effect enables the finding of defects that are buried or at least are
not visible in normal inspection. With the inventive setup it is as well possible to find
cuts (finger cuts) or interrupts in the metallization layer. Additionally, the invention
allows the detection of non-homogeneities of the LEDs. The light emitted from the LED

20  is subjected to a spatial grey value analysis. Some LEDs only emit light in some parts
while no light is emitted in other parts (for example: a dark edge at the corner of the

LED does not light up).

[0015] According to an embodiment of the invention the light emitting semiconductor

devices are illuminated with a light source configured as a ring light. The ring light has a
25  plurality of LEDs. A second filter can be positioned in the detection beam path. The

second filter in the detection beam path prohibits the reflections of the incident light to

reach the sensor and at least a wavelength of AC passes the second filter.



25 plurality of LEDs. A second filter can be positioned in the detection
beam path. The second filter in the detection beam path prohibits the

refl ecti owme 20f2/t7bmei nci dent |ight to reach the sensor amrdraBoi®essnsa

wavel engt h of kC passes the second filter. 5 [0016] A further enbodi nent of
the invention is that a first filter is positioned in an illum nation beam
path of the light source and is designed to pass a waveband XA + kB. The
second fi [¢a%6] ASfuttAert dhgbodah&flof @i iReaioRas haeHrsP AR Bipbsitiéa ihah! ecti ons
of the incident Iight to reach the sensor and at |east a wavel ength of kC
passes t hdlusgagind Fgam path obthg lighf spupcgsad ihéestivicd 6a Pase a|waysbadiiAed Bt he

il lum nati . . I | ource is a
coaxi al | :Iggts &Z)%@rf@g%ﬂ[ugg%ﬁep%ﬂgﬁé%%g%[gragﬁgfgll—_%gﬁﬁg? g%ﬁdéd%:&téﬂ?el | um nat ed
wth a |i ghideaoligieeo véabh theaserdoengd bsleidhatwavalRngléhatpaseh ot seosnd@ite. pairs

in the LED. The light emtted g% the LED (caused by the electron hole pair
and foP | ol Hgs 368 Bienbisstive fenp deferss e illaminasion bsem pothgndrihededestionbesdner a

that is sensithyeotQ ﬁr@@is"@é’o%kﬁ[‘ﬂ%lﬁ%oﬁfcet he emtted light. The sensor
response (gray va%ues) is a nmeasure for the power of the light output of the
LED and can for exanple be used to classify the LEDs according to their
l'i ght out (RRI7pOReer sqveud SEDHe/ chidy ersamifated itk a MahkRufeWitthe i | | uni nati on
of Iight Lt i (o] hCes . i i i erat ed
by i naort Pt BEMAAAREHAIesHB KB Rl i 16 Loty Hietihl RRue by Y
i1l um nat iLED (eeawd patic clécteadaidpdit ditdefollo wingastdmigingibn processhet egitited beam
path after .the objective |lens, so that only the light entted by the |ight
enittifg 94 '%%?H%@P@Pfar%%dﬁé@s’ct% Qi g}barveépg&hﬁ@f H@r?ﬁ}l_ﬁ&! ﬁ%m: Theagsasor
acqui sitiog §1’f'ste"{?na %B@?ls?a' &&asﬁﬁ%%?ﬁ’ik%%%v‘e%’ﬁf ﬂh@'ﬂgh tlo? Br ITRIS GRS EHPE

Pous yges of ill e d i

optics. Var um nation can_ used in the apparatus for the
i |1 umi nat if@rexefpleibghtseétui ¢lassHy thednkRoachouting todtbeir ekt @Bt poiver. LED
di e/ chips. The light source could be a coaxial |ight source or a ring

l'i ght. Theydikeh 4L RatsRq ok bk 2 S+ RBAY%E 6 qllw']hgt- anallty,of LEDs. [0019]
The inven |dv§hng%hogéq%sd§pp€l§exé§to E@b gi elc ||5§n V\%Cﬁ arnégstructur es on a
subst r at e sanicomdietar déhiecd srspe CEDodic/ckipslis gansratdddry iasaméasal fiest fidter @ridri ght

out put _power of.a .LED or the LED die/chi etected by the. sensor of the
canerd® THe§ @Lﬁa&mﬁ?ﬂ% W&%@H@W@%&ar&?%e_ CRItF HyPAIREI BT @ mat ri x
of P xel S qoui 1t facl rdh U ¥AINI RSB S ol U ERRRAy hORgh gt
out put power per LED in the LED die/chips or in the light emtting
sem conduemgtingesmicesductor reaches the sensor of the camera. The image acquisition setup,
especially the objective lens comprises microscope optics. Various types of illumination
can be used in the apparatus for the illumination of light emitting semiconductor devices

20  or the LED die/chips. The light source could be a coaxial light source or a ring light. The
illumination light is provided with a plurality of LEDs.

[0019] The inventive method is applied to LED die/chips, which are structures on a
substrate or wafer. The inspection result is then a measure for a light output power of a
LED or the LED die/chips detected by the sensor of the camera. The output of the sensor
25  is at least one gray value of a matrix of pixels. A range of the gray value establishes
function of the light output power per LED in the LED die/chips or in the light emitting

semiconductor devices.

[0020] The inventive apparatus has a stage, which moves the substrate with the LED
die/chips in a X/Y direction. The movement is controlled by the computer system. With

30 the relative movement between the camera and the substrate, the sensor of the camera



[ 0020] The inventive apparatus has a stage, which noves the substrate with
the LED die/chips in a XY direction. The novenent is controlled by the
conmput er woem7eMbth 30 the rel ati ve novenent between troe/mBzanzososnd t he
substrate, the sensor of the camera 6 captures an inmage of the entire
surface of the substrate. The data fromthe sensor is sent to the conputer
system whi ch cal cul ates a wafermap of the surface with the LED di e/ chips.

The waf er ggfudes as AN FMhSeridirs Plrdite OF tHeha@b&RIP Uhe daYEdrg Me M@ & fnt 0 each
cl ass of gray value a separate color code is assigned. 5 [0021] The

functi on &Ftheisemppighsysgum plhicheloatatgser wabmapsofi thp pusfasamatd the LED ook up

table. A further ﬁigg i t I .S 1 e a

pol ynom afig/ckl caFiﬁgglg i onlg] ?)stjhﬁ‘g% E%lf p(h{bg@{ gﬂgé E‘?‘ﬁ%‘l"%%%%%l m ar&el%ij tod%arclg by
measur i ngclabeof drghtalovih pefarppovalor @fdednadstedanpl e by connecting it to an
el ectrical prober. [0022] The inspection result generated by the sensor is

o Teast SR PR YRR R R R Y SRl 0T 20

sorted’in I n () hei'r lue. In a

further feibma. A fiethbn&RBSimoR is Gauihe fganRhal BeblBycitbeasepsigfiohBl.a | east two
gray val ues _per LED die/chip. The variations or differences in gray val ue
of one LERrliraiennidoel ep tablecprdle polyrpmiat i depa by meagringiee ligt ogimait chi p.

[ 0023] The..i ty ht . | ue per LED die/chip
and the n@?h%s 1 ééﬁgﬁ%g@gb&ﬁgﬁgﬁgﬁéﬁgigngggﬁgﬁ g%gleast two inspection

i mges under sanme conditions of each LED die/chip; taking the imges under
varyi ng i (00231 Hhe inspedtion eemitiggneragd by thxgrosurie aklest pnggraytyiabig par BED.

conf i g ahl el G0 ARILALLREA b oLgEA 0 KNS QE B aLiaR 3 igner ated for

each anal yzi ng ogram di'stri onin

est abl i shraipass gery valdeaid a furtheefora, theQRkpddtiodsresm@ngdnened bethosesot Re |1 ght
emtting sem conductor devices are LED die/chips and the emtted |ight of
the LED i 8t leahid®e sy valucs peindbi il alis/eip phhscwsiations os|dbiderersies gy palue 91t hat

are gener gt ofeBysiL bipltd WIhigh kel MAKAGHHNG kRG] the LED The

emtted 25 wavel ength or wave as a simlar wavel ength or waveband as
if a forward voltage would be applied to the LED. 500251 Due to
f1 uct uat i O3] Ahe HEPeatioadesuitanatdeat essgray Nalup ppr BRPpkc/elrip asdthearethed or di ng

to seygeral I i a..lncleudi ng center wavel ength of the emtted Iight, power
of ¢S emreTBh IR
[ J

taking at least two inspection images under same conditions of each LED
die/chip;
e taking the images under varying illumination intensity and/or exposure settings
which are configurable;
20 e generating a histogram of the gray values is generated for each LED die; and

¢ analyzing the histogram distribution in order to establish a pass or a fail criteria.

[0024] As mentioned before, the light emitting semiconductor devices are LED die/chips
and the emitted light of the LED is caused by a recombination process of electron hole
pairs that are generated by the illumination in an active layer of the LED. The emitted

25  wavelength or waveband has a similar wavelength or waveband as if a forward voltage

would be applied to the LED.

[0025] Due to fluctuations in the production process, the LED chips are sorted according
to several criteria including center wavelength of the emitted light, power of the emitted

light, etc.



WO 2012/ 176106PCT/ 1B2012/ 053052 7 [0026] This invention would allow for
fast and contactl ess inspection on an inspection tool which is wdely used
by LED nawofactuems for ot her inspection tasks. BRI EF De6CRBIIL/NosF THE
DRAWNGS [0027] The nature and node of operation of the present invention
will now be nore fully 5described in the follow ng detail ed description of
the invention taken with the acconpanying drawing figures, in which [0028]
Fi gure 1i s0026{ Thisenvneivh R@uld@lonafd gapamebneRiERSRGREMidoV @Y RkgRabA of a
[11-N sem conductor material system [OOéﬁ% Figure 2is a typical |ayer

st ack of HW1MEB@1§®P@ﬂBOVﬁ#bddéBn3m§ﬁﬁﬁﬂ baihgemspestion kskappar at us

according to the invention for illumnating one or several LED die/chips in
order to detect the em Bredr DENURIPTIONIOETHEDRMSYBNGYS; [0031] Figure 4is
a further enbodi ment of the apparatus according to the i nvention for

il lum nati ne or several LED die/chips in order to detect the emtted
151 ght fEOR7{RBe Eﬁwfeoﬂné/rmﬂepg ;Opff@_a@}z])fL R geT S OB NPT e e a
waf er map geRgbal ARSI Wil Y& dsMEtRRRAMA HSention taken with the

accompanying drawing figures, in which

[0028] Figure 1 is a table showing the bandgap and corresponding wavelength of a

ITI-N semiconductor material system;
[0029] Figure 2 is a typical layer stack of an LED;

10  [0030] Figure 3 is an embodiment of the apparatus according to the invention for
illuminating one or several LED die/chips in order to detect the emitted light from the

LED die/chips;

[0031] Figure 4 is a further embodiment of the apparatus according to the
invention for illuminating one or several LED die/chips in order to detect the emitted

15  light from the LED die/chips;

[0032] Figure 5 is a simplified view of a wafermap generated with the inventive

apparatus.

[0033] Figure 6a is an image of the surface of a wafer with LED die/chips which are

illuminated with normal illumination;

20  [0034] Figure 6b is an image of the InGaN - layer below the surface of the LED

die/chips on a wafer which is illuminated with photo luminescence illumination; and

[0035] Figure 7 is a schematic image of the wafermap showing an image of the

LED die/chips in the photoluminescence setup.
DETAILED DESCRIPTION OF THE INVENTION

25  [0036] Same reference numerals refer to same elements throughout the various figures.

Furthermore, only reference numerals necessary for the description of the respective



[0033] Figure 6ais an inmage of the surface of a wafer wth LED die/chips

which are illumnated with normal illum nation; 20 [0034] Figure 6bis an
i mge of wbeoixGeaie- | ayer bel ow the surface of the LEDpdrasmhe/pssosn a
wafer which is illumnated with photo | um nescence illum nation; and [0035]

Figure 7is a schematic image of the wafgermap showi ng an i nage of the LED
di e/ chips in the photol um nescence setup. DETAI LED DESCRI PTI ON OF THE

| NVENTI ONfigalcQ@8 filowaiBhd BE@EENEHE sROWE EdbsdinhRh& reposmdbRly @k MBRE 6f
t hroughout the various figures. Furthernore, only reference nunerals

necessar y hpwrthe maertincgen peicamicd out. FféHSrSélgpléaot bercgarde gb Hmitargths hown in t he

figures. T&%n@&hoﬂe%%‘%@hgﬁou r%f%%set%eﬂED 8{%/%1 Tesgbiod ?ﬁout‘i’c{ n&%‘é’r eé‘al Gaddrvention

can be carried out e regar nventi on.
The descr upi iigtatied ofithe eéfvehson. at ﬂsEadénteﬂor: hl[h}pperwhi dkiilleglHo mlhdjarﬂthht the regarded
as a limtation of the |nvent|on Is evident for any person skilled in
the ar? t REFCHIHRYBHPR&EHIP 1?4%Wt1}%§1ﬁ emgtl%ﬁﬂmle%mugw at§righin geetali ng

sem conductor nmaterial in general. [0037] Fig. 1 is a table 100 show ng the

bandgap apgh3opriesponeibRgl 08ametvaahl baddgap bhd cor%s@@tiﬂlﬁ%)ﬂ’dv&&ﬂg’[hﬁﬁiﬁli al
system Al sem conductor materials exhlblt t he so-called photolun1nescence
ef fect. TH ssndegnduetor matgsiahsyptsah Alhwenkgansupter materials axibitthe so-galtad | i ght of

a certain }Q@%ﬁllnﬁﬂgsgghce%%ctt l?ﬁls%%gtqg%e'n%ﬁelﬂ“:ihé hﬁtyhapﬁqmﬁ%na{ed%ﬂtlﬁgght

el ectronsP?
of a certain wavelength, and the photons in the light beam will bring electrons from a

10  low energy state to a high energy state (will generate electron-hole pairs). This is called
photo-excitation. The incoming light beam should have an energy level above the
difference between high-energy state and low energy state. This is typically the bandgap
energy of the semiconductor material. The generated pairs will recombine and the
recombination process will generate photons (radiative recombination) or phonons (non-

15  radiative recombination). In most LED materials (which are direct semiconductors) such

as the GaN system, the radiative recombination process is the dominant one.

[0038] Fig. 2 is a typical representation of a layer stack 101 of an LED. The layer stack
101 has the substrate 3 on which a layer 102 of n-type GaN is formed. The layer 102 of
n-type GaN carries an intermediate layer 103 of a InGaN MQW material. A top layer

20 104 is formed by a p-type GaN material. In order to probe only the intermediate layer
103 of InGaN MQW, the excitation light 110 should not be absorbed by the layer 102 of
n-type GaN and the top layer 104 of p-type GaN surrounding it. The excitation light 110
should have an energy level below the GaN energy band level, meaning wavelength
above 359nm. For the light to be absorbed by the intermediate layer 103 of InGaN

25  MQW material, the excitation light 110 should have an energy level above 2.75¢V i.e.
below 450nm. The generated light 120 by the intermediate layer 103 of InGaN MQW
material will have a wavelength around 450 nm. In the apparatus 1, described in Fig. 3, a
white light source 7 is used. Consequently, the energy levels below 450 nm in the light
path have to be filtered out. This means a first low pass filter 15 (pass only wavelength <

30 450 nm). In order to make clear images and not to be disturbed by the reflections of the



10l ow energy state to a high energy state (wll generate electron-hole
pairs). This is called photo-excitation. The incomng |ight beam shoul d
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9 incom ngoweght, an additional second filter is needed in detection beam
path 21 with hi gh-pass characteristics i.e. pass only wavel ength of 450 nm

and hi ghe LOOAIJ-O? Qﬁ? gglﬁ: slg}lrcg _7i iSa _@vh?t%-h biloGdi40 rsgfc‘%r%é%ﬁ%}lﬁg?ﬂjceﬁp u%qgfgfi i ment  of

the apparatus 1 um nati ng omnme or sever chips n a
subst r at eilBmiinatorgotbe stistrdetewith thed. ED davahipny tThs Light frtve tkadightedudee ght from

B R e RO I R T B
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lens 14 onto the LED die/chips 5 on the substrate 3. By providing means (not shown) for

inserting a respective first filter 15 in the illumination beam path 11, a certain part of the

broadband spectrum that is generated by a light source 7, is selected. The light is

20  transmitted through the objective lens 14 (incident light beam) excites the semiconductor

material in the LED die/chips 5 on the substrate 3. This could be for example a direct

band gap material such as a III-V semiconductor material as used for LED fabrication.

The semiconductor material will emit light at a known wavelength and this light is

collected in the same objective lens 14. The objective lens 14 defines as well a detection

25  beam path 21.

[0041] In the detection beam path 21 a second filter 16 is positionable in order to make
sure that only the light emitted by the LED die/chips 5 on the substrate 3 reach the
camera 9 and the sensor 10. The second filter 16 prohibits the reflections of the incident
light to reach the camera 9or the sensor 10. The image data collected by the sensor 10 of
30 camera 9 are fed to a computer system 17 which uses an image processing software to

derive an average intensity for each LED 4 on the substrate 3. The computer system



hol e pair and foll ow ng reconbi nati on process) is captured with a canera 9
that is sensitive to the wavel engths of the emtted light. The canera 9 has
a sensor WO 2amdi7stee 10 response (gray val ue) of the seneom/igthip/gsasneasure
for the power of the light output of the LED and can for exanple be used to
classify the LEDs according to their |i,ght output power. [0040] The Iight
source 7 is a white-light broadband spectrumlight source, is used for

i1 1'um nat iingbrky eM&ﬁeﬁﬁzﬁIﬁ(SSe Piklird 4. hedisglaydlsaé @J@ig@%d%thmembughgysidr@m t he
l'i ght source 15 suppl i m croscope 6 via (ﬁ ﬁ ui de 8. The

i cr oscopé’ & ey W@@S%Hylﬁlsp@mwﬁ@mw 3&etamlqiélweilzﬂts shrnd theyr 12
directs t 14 to the LED
Irects ngﬂd naté[peo Bg)pr a{g{ﬂgﬁﬁgg fyhithas & %8%&%&& \%ait ef NS onto the

di e/ chi ps rovidin ans shown) for
inserting a resEectlve first filter 15 in the |Ilun1nat|on beam path 11, a
certai n p#d@42pfhe h@httspmﬂaﬁdoméughmﬂumaﬂ i} advgatageausabithpyight Jouedst” sour ce
7, is selected. S trans t.ed t.hr ve |ens 14
(i nci d% nt Nt dltlgh-[g'ea 1'llgrn1n t10n %tgplt 18 romr%e(()i bgucglur ?ﬁghfeﬂr]%jg O[tﬂe? hjt Sq_uféiﬁep

di e/ chi psisxoafighitee asulpatsécahght?soufEh o8 a@@mthdlobehglﬁrso@pcaﬁm@ewvedaﬂdect band gap
material such as a Il1-V sem conductor naterial as used for LED
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In case of a blue LED an example implementation would be AA = 380nm, AB =~ 20nm
and AC = 440nm.

[0044] A calibration is done to correlate the measured average intensity of the LED

20  material to an output power (density) number. The inventive apparatus 1 uses a white-
light source with area illumination. Prior art devices instead use a commonly laser beam
source with small spot size, and a camera as a detector. The computer system
17controles as well a X/Y-stage 19. The X/Y-stage 19 moves the substrate 3 in a
controlled manner so that the entire surface of the substrate is imaged by the objective

25  lens 14 onto the sensor 10 of camera 9. The position of the X/Y-stage 19 is recorded in
order to correlate the visually captured data with the position data on the substrate 3 and

to generate the wafermap 30.

[0045] Fig. 4 is a further embodiment of the apparatus 1 for illuminating one or several
LED die/chips 5 on a substrate 3 in order to detect the wavelengths of the emitted light
30 from the LED die/chips 5. According to the embodiment shown here the LED die/chips



is configured as a pulsed light source or a continuous |ight source. The
waveband constraint (XA + XJ3) < X, Cis inplenented using optical high pass
and/ or | omoparsi7ervd/ or band pass filters. The sensor 10PC3/IB2012/08802ENnSO0r .
The canera 9 is configured as a TDI (tine delay integration) |ine scan
canera. The sensor 10 could be as well ;a4 2- 10di nensi onal sensor so that an
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a camera EO(WJ?F@. § i§§ﬁ%{6ﬁiiﬁ%§vie9v ShewdRMRAEIOEOR rALd (B 1R 4R/l | ght. The
canera 9 has a sensor 10 and the response (gray value) of the sensor 10 is
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in Fig. 4 does not need first filter 15 for the illumnation 11, of the
surf aé@ ofurfare 3ppbihei sebstritps (Wafephn ¢aspaf e lavsestack i1 ofgh LR as shovay e

gener at e ihter SstbrREhe iR 167U HEAN AR 5L SRR MG e e
sen conduapmiratu®l ETticaihtewhntdiate nayter 103 6f IndaNaMIQWiInova vaitdagelowahel tdphi s |1 ght

is collected 15by the objective |ens _14. The objective |lens 14 defines as
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surface 3a of the substrate 3 (wafer) is taken during inspection with an inserted first filter
15 and second filter 16. A spot size (not shown) of the illumination light can be larger
than the size of the LED die/chips 5, thus it is possible to illuminate the whole LED 4
30 and subsequently the related, often subsequent, measurement is a correct representation

of the characteristics of the whole LED die/chips 5.



20 surface 3a of the substrate 3 (wafer). In case of the layer stack 101 of
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vi si bl e wohotdeeioaventi ve apparatus 1. The i nternedi at eclrapsn2/4£38520f | nGaN
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LED di e/ chips 5 can have a significantly different GV response when using
t he photo | um nescence set up. [t0049 Fig. 7 is a screenshot of the wafernap
30 showi nfPUA] Figadds decreqishatmbthy walsngs3 Gshoyingan wprecof the Ield disiedrs et up
on the di i i€ S «20 t I . the conputer
system 17?Ellég%l'g%g@hgﬁglr@&fégé%%(?p%@td?sgka!yzlfg ' @ﬁ@gg?gggﬁ‘?@@ %f LEDs or LED
di e/ cho ps irbplcmagted in theposputer eystéhhil $(soeBigs 3 bhd} ar inspestipws Sihblpeoftentidsocat e

t he i ndivi LED, di e/ chi .5 on .the inages, neasure certain properties
based on' PhbBD f DECEFRBE S igefhidnPenia  Gremtiib (e dsaPenant ‘TESHFt s to
each i ndi viadughidsED BOASMiPs §on hdiRbEE nicls 38 bertin WhdpPrifc¥ bescR@n6fhabé NNi Ng
("RBB"). According to the recipe a 25 classification of the LED dielfchips 5

accor di ngptagessireg, avnkthag eoi@latefthe measentrgng rdsilDs to cach individual LED die/chip
5. A recipe is set up with rule-based binning ("RBB”). According to the recipe a

25  classification of the LED die/chips 5 according to the average GV of the entire LED
die/chip 5 on the substrate 3 is carried out. Each class has a separate color code. In a
separate section 31 of the display 18 the various GVs are shown in a histogram 32,
which results from the rule-based binning. The inspection of the substrate 3 (wafer) with
the LED die/chips 5 shows a signature, that it is possible with the photo luminescence to

30  measure something genuinely different from what can be seen with normal inspection
setup. It can also be seen that the response of individual LED die/chips 5, which can be

neighboring, can be independent of the wafer-level signature. It is a clear indication that



die/chip 5 on the substrate 3 is carried out. Each class has a separate
color code. In a separate section 31 of the display 18 the various GVs are
shown i n wohnstiogroam 32, which results fromthe rul e- baged/1B2nenssgszThe

i nspection of the substrate 3 (wafer) with the LED die/chips 5 shows a
signature, that it is possible with the, photo | um nescence to 30 neasure
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whi ch can_be nei ghboring, can be independent of the wafer-|evel signature.
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fed to the ¢ ut er st.em .17.. [ QP51] The .inspection result is a neasure
for the | FOETO BuLEOHERNBE S an Panlosras S BendeP e O fe Bt of t he
sensor 10sb ghaBbenk&aRY is QORitBicaY wasbldRgtRS ?@_m of tiRReéniéXBtht. Trual Iy, the
gray value is represented by a matrix of pixels. The range of the grey

val uel5 20 wavelengto p.Cap lBgdithancbapaveenghsteént 1B) i Hcheinseten Gsult B3Ee per  LED
di e/chip 3, E{}?ftﬁé’&%é&r Rf%"v’gfch'i?featé Coh Py &l§ (Jeasured grey values. The
e 1 nplemente Canre

. t , .
function can as a ook up or as a polynom al. The

calibration of the | ook up table or the polynom al is done by neasuring
| i ght out pS1pdhe mspéctign r&EDltIniarpicaswih & thohghs outpat powenpfanddil) pcalLEPr ober .

die/chip 5. The output of the sensor 10 is at least one gray value of at least one pixel.
Usually, the gray value is represented by a matrix of pixels. The range of the grey value,

20  e.g. for an 8 bit computer system 17 is between 0 — 255 per LED die/chip 5. The output
power is a function of the measured grey values. The function can be implemented as a
look up table or as a polynomial. The calibration of the look up table or the polynomial
is done by measuring light output power of a LED sample when connected to an

electrical prober.

25  [0052] The inspection result is at least one gray value per LED die/chip 5. The LEDs are
sorted in at least two bins according to their gray value (at least one threshold value)
here the inspection result is at least two gray values per LED die/chip 5, the
variations/differences in gray value of one LED die/chip 5 are used as a quality measure

of the LED die/chip 5.



25[ 0052] The inspection result is at |east one gray value per LED die/chip
5. The LEDs are sorted in at |east two bins according to their gray val ue
(at | eastwoneizismshol d val ue) here the inspection resulPCTiiB20a/033esst two
gray values per LED die/chip 5, the variations/differences in gray val ue of
one LED die/chip 5 are used as a quality neasure of the LED die/chip 5. 14
[ 0053] The inspection result is at |east one gray value per LED die/chip 5,

of each LE#sdi ghe hsPedbiofubsultié & 1baxs PRE Eiad FaludRPESEDic/EIBAST oft W0 LBDE t aken
in order to detect stability and deviations on the emtted light. Al

i mages caficrAin &RainlaHspodipramagtidpt iceti sverarpikes ierdenie defest stalibty under
varying i 1 i i Sl Ly I} r i 5. .Tha ns the
Firat ol TRk dn ot EREh e e B e S o SR 2o B B

condi t i onnBgesrte atonden wades vayitg, illamthasion ditei@itg andfof cgrosalel settingal i br ati on

of paranmeters may be_done using the result fromelectrical prober. A

hi st og? am!8ft Des ghealirst mppretion gn@eér}éFaif%andeém%%n Pethedrerdiinges and a

cl assificat.i | At Al AS i am

Gi ot but o B SnBEEsqAis A oo AN ELRIC CEIBLEOPIL S 10 ¢t hen
fail. |f phenkicstogy benddicstsingiht resnltdmim pledaicalgmobdias hastdégemgif ghe gray ue t hen

then pass R SFHEY fouL PEUT BN e Joeralorbind RestEheBRobly he
el ect ri cabnfyAREhe histdQORAistibRidnNERRhHRE 1A% HesFraRCRGH bR Wbi-fhotgf er ence
to specific enbodi nents. It is obvious to a person skilled in the art,

howevée, theatfaibllf theduistogrametistribrgeinfune-anddehenddz adew BBayrerdec thicr Folulf | eavi ng

t he scopetﬁ)ef the s

.t h ubsequent. cl ai ny. at ks clained is: 1.A nmethod for
| nepect | ol PE BRABUIM i TE PR a4 el kAkdEle gfinneds Sy
f ol | ow ngn&ttRMES above dati b Migéd &xChrvvipbsdt cedk BhthcsMisti®l piobbeast an area of the
light emtting sem conductor with a waveband of |ight, wherein the waveband

of Iight + can generate el ectrpn-hol airs in.the |i.ght iL.tting
cen condul s e ERS RSB Rsth FoGEbLLRIR S ErPaubRraint SRbedifbhe iy bt

| east a pablioR totaRrdonGRilIcHGn B8 4t B6wBYer! thet difefitfoneMid MmbagiceesHscandect or,
wherein the emtted light is captured with a sensor of a canera that is
sensi &5 vemage wathehelpgiting thefscenseofdhg subsenuenigitimend t he wavel ength of the
emtted light is above the a width of the waveband; and transferring data
of the emtted light, captured with the sensor, to a conputer systemfor
cal cul ating inspection results of light emtting sem conductor.



2. The nethod of claim1l1l, wherein the light source illum nates the area of
the light emtting sem conductor directly with the waveband of |ight kKA +
kB for ilwormratrsme which is generated by a plurality ofccEB=12h530%e | i ght
source. 3. The nethod of claim2, wherein a second filter is positioned in
a detection beampath after the objective lens, so that only the |ight

emtted by the light emtting sem conductor reaches the sensor of the
caner a. MHJQQ—SQ‘ IS8 % f claim 1, wherein the light source illuninates the

area of the light emtting sem conductor through an objective | ens, wherein
t he waveband of light kA + kB for illumnnation is generated by inserting a
first filter prior to the objective lens in an illum nation beam path. 5The

met hod ofy cl aiAmydhoWhE! gl cRorS SR eﬁﬁt'tihggerhﬁo&ﬁﬁi&ride&%&, bBmpridlat gt i on
beam path after the objective lens, so that only the [ight emtted by the

| i ght enittindolwevigotapuct or reaches the sensor of the canera. WO
2012/ 176106PCT/ 1B2012/ 053052 6. The nmethod of claim 1, wherein the |ight

emtting sem Qor&ﬂﬂ&fi&&mg%haa R IHrS?L%I]CE ¥t st 'aEQreQ'o?ih%mggé ﬁ%tﬁfg'gt ured on a
substrate and the 1 nspeCtion resu IS a neasure for Fi g out put power
of a LED in the d{chlixatidattohivith adedvebirricbllight, vehesstn derwavébankhef light hoe of
claim6, wherein the output of the sensor is. at |east one gray val ue of a
matrix of pixel sMuffd ENFTAKGEHPNIRE Rfitgyn mu@t prityng Wf@%wér QP 1ight
out put power perj, eid,“ the LED die/chips. 8 The nethod of claim®,
wherein a stage 1s noving the substrate with the LED die/chips and the
sensor of the canera captures an inage of the entire surface of the

substrate and®a digcdinmilyough amebjsainvedens ahicet anret ofthy Held/Acterpted hiethes shown
on a display of 1%%12 elﬁlgtﬁggtgt?t{gﬁﬁé%&&c?gﬂ wEEhO hficRahe &l @5S A W gy value a

separate color c
sensor of a camera that is sensitive to wavelengths of the emitted light and the

wavelength of the emitted light is above the a width of the waveband; and

o transferring data of the emitted light, captured with the sensor, to a computer

system for calculating inspection results of light emitting semiconductor.

2. The method of claim 1, wherein the light source illuminates the area of the light
emitting semiconductor directly with the waveband of light A + Ag for

illumination which is generated by a plurality of LEDs of the light source.

3. The method of claim 2, wherein a second filter is positioned in a detection beam
path after the objective lens, so that only the light emitted by the light emitting

semiconductor reaches the sensor of the camera.

4 The method of claim 1, wherein the light source illuminates the area of the light
emitting semiconductor through an objective lens, wherein the waveband of light
Aa * Ag for illumination is generated by inserting a first filter prior to the objective

lens in an illumination beam path.

5 The method of claim 4, wherein a second filter is positioned in a detection beam
path after the objective lens, so that only the light emitted by the light emitting

semiconductor reaches the sensor of the camera.



9. The nethod to claim7, wherein the function is inplenmented as a | ook up
table. 10. The nmethod to claim7, wherein the function is inplenented as a
pol ynom aWo 20/17dtee net hod of claim 9 or 10, wherei n calpclnBioizns3os2 | ook up
tabl e or the polynom al is done by neasuring |ight output power of an LED
sanpl e by connecting it to an electrical prober. 12. The nethod of claim®,
wherein the |nspect| on result is at |east one gray val ue per LED and_ the

i nspecti &n reddffsthd qfipdaimgpavhgrein e ltedtempting sqnaigerductan ats SRl uEBR i ng t o
their gray valyg dé}%h{pl@ﬁuéfﬁfeﬁ%ﬂl_ Bb%&ﬁ% Eﬂ]cf’the ﬁé&lo'ﬂ b i Q?@e‘?xgﬁ%?@fi esul t

is at least two gray values per I p, e varlations or erences
in gray val uelight angutipePedofd bEDpnaheeLEEehb/etﬁpsadqmdtd bythesasor.e of the LED
die/chip. 14. The nmethod of claim®6, wherein the inspection result is at

| east ong gra%h?é%ll‘ﬁfo oeﬁcldlnlﬁ% A {e(fﬁ“t?e gutté}‘? 5@&%891@9% ﬁ?grag% et eps

of : taking at s;ﬁec S un r sane con each
LED di e/ chi p; of anghtrix of giktlngnd mmﬂgm@d& diamtedluy/ arayfungianl dfuing Bglttioatput

intensity and/or e i ch are configurabl e; generating a
hi st ogr am of ﬁ)ﬁ‘é@%@ﬁ%ﬂf@%% %@/ﬁgﬂ’é’[ ed for each LED die; and anal yzing
the histogramdistribution in order to establish a pass or a fail criteria.

15. An appsar at q&e&mhddrt&pﬂmﬂ@mvmfeuh h gfage 8Mhétih@ theSabite@Neib iy LEBVI ces on a
substrate, conprises: ght source; an objective |lens defining a
det ecti on beaﬁi%%\m an ﬂae wﬁ@rqi the eamaeza sanuish ah BRIgci o Hesaentine swgacaef ect i on

beam path, fog,J s%%?t!ré{é DG & Wf&hnfaﬁ mﬁh% Qﬁrf&degmh B ED B8/ RGUHORIGE A on

devi ces V|a t he objective lens ; erein the sensor registers grey scale
val ues of t he aldisphdy cfithd d:onqgltﬁsmtemmdzheﬂem tocbavh cless;of gray value a separate

color code is assigned.
9. The method to claim 7, wherein the function is implemented as a look up table.
10.  The method to claim 7, wherein the function is implemented as a polynomial.

11.  The method of claim 9 or 10, wherein calibration of look up table or the
polynomial is done by measuring light output power of an LED sample by

connecting it to an electrical prober.

12. The method of claim 6, wherein the inspection result is at least one gray value per
LED and the inspection results of the LEDs are sorted in at least two bins

according to their gray value.

13.  The method of claim 6, wherein the inspection result is at least two gray values per
LED die/chip, the variations or differences in gray value of one LED die/chip are

used as a quality measure of the LED die/chip.

14.  The method of claim 6, wherein the inspection result is at least one gray value per

LED die/chip and the method comprises the steps of:
- taking at least two inspection images under same conditions of each LED die/chip;

- and/or taking the images under varying illumination intensity and/or exposure

settings which are configurable;



a conputer systemfor calculating a wafermap form data regi sters by the
sensor; and a display in order to visually display the wafermap. 16. The
appar at uswof20E@sr6 15, wherein a second filter is positipomas2012033082
detection beam path. 17. The apparatus of claim 16, wherein the second
filter in the detection beam path prohibits the reflections of the incident
light to reach the sensor and <$>Ieast a wavel engt h of kc sses t he second
filter. 187 BReTalysa hislograg Og aefAYIrluchAescaeirtqdfar pachrt lfi’ré%d is aring
light. 19. The apparatus of claim 18, wherein the ring Ilght has a
plurality of kiszing 2 hifibgrampiriBitith @forddrad Batdllish\ ko Rilfckitsta. filter
inan illum nation beam path of the Iight source is designed to pass a

band kA + kB and t the detection b th prohi bi t
the et ot ot BPep rhiraenen ol e <o Tnbten PRESQ By REERME 0w BS 5 '

wavel engt h of ckgpasses the second filter. 21. Apparatus of claim 20,
wherein the Ilght source is a coaxial light source. WO

2012/ 176106PCT/1:LE 012/ 053052 22. Apparatus of claim 15, wherein the |ight
source is a pdl"&du> 9% Ght source or a continuous Iight source. 23.

Appar atus of claim 20 wherein the waveband constraint (kA + kB) < kc is

i npl enent ed-usah bfjcotitd lead ddfinigs a etbdten boath pabond filter. 24. Apparatus of
claim15, wherein a stage, novable in the X/ Y-direction is provided and the

conputer system, erahwgt?g %}sgpﬂés% neggntm@\ﬁ%{rgpn efan;[h hsfgral%%e%gltgﬁlh‘vg% an

entire surface 0 I'ng sem conauc ev’l ces on Substrate
is imged via ﬁdmetmbjgﬁt:émmng macdnmubtl@e dsEEs0lia thfe oibjhetle@rms Awherein the

sensor registers grey scale values of the light emitting semiconductor devices;

- a computer system for calculating a wafermap form data registers by the sensor;

and
- adisplay in order to visually display the wafermap.

16.  The apparatus of claim 15, wherein a second filter is positioned in the detection

beam path.

17.  The apparatus of claim 16, wherein the second filter in the detection beam path
prohibits the reflections of the incident light to reach the sensor and at least a wavelength

of Ac passes the second filter.
18.  The apparatus of claim 17, wherein the light source is a ring light.
19.  The apparatus of claim 18, wherein the ring light has a plurality of LEDs.

20.  The apparatus of claim 15, wherein a first filter in an illumination beam path of the
light source is designed to pass a waveband Aa + Ag and the second filter in the detection
beam path prohibits the reflections of the incident light to reach the sensor and at least a

wavelength of Ac passes the second filter.

21.  Apparatus of claim 20, wherein the light source is a coaxial light source.



25. Apparatus of claim 15, wherein the light emtting sem conductor devices
are LED die/chips and the emtted Iight of the LED is caused by a

reconbi nawoanizpremess of el ectron hole pairs that are gengnpiazioisysz he
illumnpation in an active |layer of the LED and has a simlar wavel ength as
if a forward voltage would be applied to the LED. 26. An apparatus for

i nspectiagn of |ight enittin% sem conduct or devices on.a substrate

conpri ses?  aAMPgREusd glad Deyhsichuine dehissoyraeiihy Prbgrhlighd spwegor a an
objectivgohﬁﬂ§uﬁﬁ§¢%b&Qea detection beam path; a canmera with a sensor

e

positioned in t etection beampath, for receiving light fromthe |ight

emtting sem conductor devices via the objective |ens and a second filter;

wher ei n e séwpsiatusadickinerd), yhepinshamavekandeansraintivbs TAght Aeffi tti ng
senlcond%%kghmquhgﬁ%b ﬁ&ﬂ%ﬁﬁﬁﬂ&?%n&&%%ﬁ%bﬁ&f.Ca|C“|at'”g a wafermap from

data registers ensor; and a ay in order to visually display
t he waf ermap. 27. An apparatus for inspection of light emtting
seni cond@dt or Adeeiatsoichin ISupberchr astageomevhbledn thegl/[Yi-gimctignigrrevidbd ch is a

coaxi al | source; n_ohjectiv e def [ ni il lumnation beam
parh, wndP@lle GG vy ARRUE L bRl N BePEnlTLE e ebisb W ERNRTe T ens i n
the il | ugifade chhdegmepatting serdicondmic dotichs én BRIEBNtrapois lihbgideda the a
detection_beam path, for receiving light fromthe light emtting

sem cond 8LesHVYES ke yn30% ofdhe p3BEi ve | ens and a second filter; wherein
the sensor registers grey scale values of the light emtting sem conductor

g evi ﬁes , 258 cwppuﬁ;ws oy &St fhere wulight dditthgRedoRBRctbOddi@akA LD sters
t he sensor; an
Y die/chips and the emitted light of the LED is caused by a recombination process of
electron hole pairs that are generated by the illumination in an active layer of the LED and

has a similar wavelength as if a forward voltage would be applied to the LED.

26.  An apparatus for inspection of light emitting semiconductor devices on a substrate

comprises:
- alight source, configured as a ring light source;
- an objective lens defining a detection beam path;

- a camera with a sensor positioned in the detection beam path, for receiving light
from the light emitting semiconductor devices via the objective lens and a second
filter; wherein the sensor registers grey scale values of the light emitting

semiconductor devices;

- a computer system for calculating a wafermap from data registers by the sensor;

and
- adisplay in order to visually display the wafermap.

27.  An apparatus for inspection of light emitting semiconductor devices on a substrate,

comprises:

- alight source which is a coaxial light source;



a display in order to visually display the wafernmap.
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- an objective lens defining an illumination beam path, wherein a first filter is

positionable prior to the objective lens in the illumination beam path;

- a camera with a sensor positioned in a detection beam path, for receiving light
from the light emitting semiconductor devices via the objective lens and a second
filter; wherein the sensor registers grey scale values of the light emitting

semiconductor devices;

- a computer system for calculating a wafermap form data registers by the sensor;

and

- adisplay in order to visually display the wafermap.



