;efe3eTQ v6T8<' WO 02/ G723 PCT/ EPOL/ 11841 1 Descri pti on Apparatus and net hod
for detecting an anmobunt of depolarization of a linearly polarized beam 5

The presegip jofy¢@3tion relates to an apparatus and a nmet hogcd@peigif¢t i Ng an
amount of depolarization of a linearly polarized beamtransmtted by a

birefringent medium 10 This apparatus and method, respectively, can
ce conduct or bSBFZ?dmL?Lhdet coting 1nternal otress ticl SHIMMBNMANC. 2 o
any bi reED i n en e. As the WM'WW“MW“ILSS fields are induced;shyos

di sl ocat i-G1s A S p line etection re 15 sult will be a measure for
the amount of dislocations and & I'p lines and, thus, wll be a neasure of

the qual i de By t %ﬁﬂgﬁc :géeEy zahe
I|nearly agn{alzed \ég{a?n[{eis prefe réfﬁ%ftrg%smtte ytcﬂ:!e erlngent

medi um i tigrdiafect ildmeparlpemitlaniged deame surface of the bi 20 refringent
.medi ugn Usual ly, the manufacture of sem conductor devices involves various

steps of wafer processing and, in particular, thernmal processing steps
duri ng wiieh RUGS SR éf@’ed?té'-%c”@élrﬁt@ﬁ 5P 25 SmRaays and & nce,

?' sl ocat lﬂaﬁsl ,de'i:lécilq.sn Alth Hridurd rEs d dlIgmczra\ts.tcﬁI cﬂ(rj & qemeéﬁlqﬂ péu ch vvnhI I
or examl e .ca age curr t remendo eteriorate the
device ¢ eéf%set% glgaﬂb%'&r eﬁitgi?' Lﬁéﬁ@fé‘&f CicJ)l"%@‘sess t he amunt
of dlslocatlons and slip lines and, based 30 on the result reject those

\S?L\?l ously E]%gt g’%m%‘{% hredsgﬁoﬁsé oocoart II% e%g'g‘\%l di 34 oca | ons aﬁﬁﬁyl P I i nes

can be detssst dph@e3®cting wmmmalecﬂtgmmm@hdﬁ riavrer ddepdicard zamion. The

rinci pl i i I i nis
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o the inciden en inter ress r e s ry o e
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a nor rral Igu;sdhrrmy gl idors W&fﬂrl e e dyures romgﬂmt quualmtiy\tdafr nele
stress fi gl AGCO t rt onent rmthe
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differ enthil@lmczetd dwamsi s mfma@wcermmd dnertdiend frefinimgentafer is

elliptic laafi i i ¢ )
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Usually, the manufacture of semiconductor devices involves
various steps of wafer processing and, in particular, thermal
processing steps during which the wafers are mechanically

25 stressed. As a consequence, dislocations, slides and slip
lines in the crystal are generated which will for example
cause leakage currents and, thus, tremendously deteriorate
the device characteristics. Accordingly, it is necessary to
assess the amount of dislocations and slip lines and, based

30 on the result, reject those wafers having an amount of dislo-
cations and slip lines which exceeds a previously determined
threshold.

The degree of dislocations and slip lines can be detected by

35 a method called Scanning Infrared Depolarization. The princi-
ple of slip line detection by Scanning Infrared Depolariza-
tion is based on the fact that linearly polarized light



15 The stress fields occurring in a sem conductor wafer are caused by the
distortion of the crystal by dislocations or slip lines. The ratio between

the two q@f,f@g,g@,@gl conponents gives a good neasure of thepgy/ppgifgiof the
stress field. An experinental setup fer a Scanning Infrared Depol ari zati on

20 measurenment is shown in Figure 2. In Figure 2, reference nuneral 1
denotes a linearly polarized | aser beamemtted by a | aser device (not
shown). Reference nuneral 2 denotes the |aser beamafter it has been

transmtt{ed by . the m conduct or wafer 5. .Reference .nuneral 7.is a
pol ar i zatFEREBEETEShEN Fors 135 AT M3 SR THfe JEh GOt o e o FRIEY he
or t hogonabmponeatent paiadric 14 .arco meaperid itulard etegicaerits phattddetect or 8,
.and conp i et.ect. y odet ect. he ip, 14 '
Fepr csontBacEs b8 TS ety By e d¥nctnal B 104 dquer
descri be@habsyomies nyeof Wk crast@rldifngny tetirahedndlo tof tetragondlcar
,comog\enlévgg thgparal l el component of the light beamis 1: 100 or even

e

less.” In order to detect the ( weak vertical signal, the anplifier
anplifying the photo diode signal has to operate at a very high gain. 35

However, gthe el cREFHEHEAR ,C MR 1detieeitabdik (41 deeGiied 10t only
caused by the ?ﬁgpl rization_ induced b $|I 16723 PCT/ EPOL/ 118~1

W0 0
3 lines BOMSft rSO s &drey 1NER 59 ifgltﬂ%dsf)&c‘i‘brt Hycord-
[ nperfecﬁng&yﬁofc@ewwfogrtlmg;d‘rm.e &m@bm%rﬁc&me u’rmlghqdirrms 1id f
impurities, the polariz ight is scattered. _In particylar al.t er. rom
Lhe Sbrm ERERSCOR AR SaT deSPEtdea i o Kyt i |
cause | i getrestatviedidaigr.iess dscenseqesmpendehe thel drdane ceriexgditngni itonchange
its pol arkzat) [y [ I, A4l %ﬁ&) I ﬁﬁga T {gg}_le_ntary
par al | el rt%%dwag%prg&f?&]lg%tggﬁ\g&#er@\g%l th ;H%_ﬁ;%%gaﬁée ed 1% rg@t wll then
be det ecedgebpemeaerd diec ttaios ontthaganadnsipmpasterdat t ered | i ght exceeds the
true signal by magnitudes, as it is in particular the case when the wafers

are already patterned, the anplifiers start to work nonlinear or are driven
i nt o-3at &8t FEFesEh el KEEITHEGR MR i ST IR LI §H RHr t he weak

si gnal rgang%@nlﬂwgﬂ&@itsﬂﬁui@pﬁitmlt iyefdledy dihelsbddicnd tdes .

arising dyring.a scanping _infrar epql.ari zati on ,neasur.enent can partially
be avol dEd Fnar IR S A 150 HRITNETTD T st WG S TR S uch as

t r enches gitviesh aniddod aregeiurec axfseHa @ttresgrdlt exfi ndhearse e efieddl. However ,

si nce duri ; r.an i ‘ t i t : erforned,
the amuﬁk@%ﬁ%%ﬁtg@q%&&g ?r?# (s%lni%ﬁsr%ngl vﬁﬂ%&%ﬁslﬂ%r@ragxg%eﬂdﬁorr?ng and

af t e20 t h@epseremendr i ishiewnadeofd 2B g gyl in Fienssiromref gransie mhe

trench fgiRRhi an drddeLAUS e frdla38 JRASUETRA 1834 eam emitted by a
laser device (not shown). Reference numeral 2 denotes the la-
ser beam after it has been transmitted by the semiconductor
wafer 5. Reference numeral 7 is a polarization beam splitter

25 which splits the incoming beam 2 into the orthogonal compo-
nents 3 and 4. Component 3 is detected by photodetector 8,
and component 4 is detected by photodetector 9. The slip line

is represented as a step denoted by reference numeral 6.

30 The effect described above is very weak. Accordingly, the ra-
tio of the vertical component to the parallel component of
the light beam is 1: 100 or even less. In order to detect the
weak vertical signal, the amplifier amplifying the photo di-
ode signal has to operate at a very high gain.

35
However, the perpendicular component detected by the detector
is not only caused by the depolarization induced by slip



Mor eover, such a measurenent will avoid scattering due to trenches.
However, scattering due to inpurities or surface 30 roughness cannot be

suppr essefo d2lsctS therefore an object of the present invenldi@afpoi@igafovi de
an i nproved apparatus and an inprovedjsnet hod, respectively, for detecting

an amount of depolarization of a linearly po35 |larized beam WO 02/.16723
PCT/ EPOL/ 11841 .t Moreover, it is an object of the present invention to
provi de an inproved apparatus and an i nproved nethod, respectively, ' for

determ ning an. i nternal re field in a m_cond r, wafer, 5 Accordin
to the phégsﬁtbb vé%t?ﬁn%ﬁFﬁZ%QHé99 Ekjégﬁiggr&@ﬂ § egjﬁ¥ﬁéntﬁﬁb§thus }o?
det ect i nghaniapeufiecthegepolfathratwiade rokur feiceeatich pa auredeeamgh-

transmtig sbééraiﬁppgﬁ%'i%%e“Eh@eg'o‘i%&%%ﬁprl'iﬁht@?gigl%c%tfeer fq bﬁ.f}ﬂ‘éagagﬁ tter

for separating a portion of Ssaid trans beam1nto o na
conponentgcudati r pptsernst Lxom shet send condusdere deorise srudetdetting a

-respecti Ye-ARReAl ahRC oPheR0GRRRLGERONAAYS ReRY aligthtD SAddidSt Aeam

splitter; 15 a second beam splitter for separating & second paortion of said
t r ansni t BeBOPESANERES o L1F0 §OA A 186Fp AL WiHe Chianaeniid s GOt I

splitterthisnduspesedodf brawil 10bvihe Hetoide tinpo1Redrdas pol ari zed beam a
second set of at |east two photodetectors for detecting a 20 respective one
of the orthogonal conmponents separated by said second beamsplitter; and a

subtract rhg aeweaeabkor pawihiladt bhad peependiaiud areeempethditsaifd t3aeond set
of t odet ect or romth espective signal ecej yed said fir set of
pho?@getgg?gﬁs?e§5 ﬁﬁE%oV§}? ?ﬁ na%@vge8%fg§? %§'§§%$b€%§ﬁg}%¥%ﬂﬂ od for
det ect i nghenaawoutt off s¢eptkaredzatight ekceedsnéde yrye avigred gamag-
transm thed, fysa ?'sr gk ijRoeRt %%%@'ig%%a%o%re' Tali@ ‘%Jiﬁ%r?ttl%%s wiired} SERarating
a first portion of said transmtted beaminto orthogonal conponents by
means of 2ATEREAYt PRESRLESHNt CoE, aneldéieng SRaTsr tRoyerdl naaHiaRaR O
separ at edrBYy g¢akdnf Ehsb BeRMSRLbh, eTnbhoBARS @z 3 Hd Hp1Seieds be-
photodetectorgi,s p%ratlg% a second pgrtlon of said tranSmtted beaminto
or 3% t h6§BRa &Bﬁp RENEESpYeRsafd 998 1o 180X b aw $hiS (e daRSei n sai d
second beamispkibheefifecdi.sposed of f-axis of the incident linearly
pol ari zed beam

The difficulties arising during a scanning infrared depolari-

zation measurement can partially be avoided when the measure-

20 ment is performed before structures such as trenches which

will largely cause light scattering are patterned. However,

since during the trench formation also heat processing steps

are performed, the amount of dislocations and slip lines will

still increase during and after the trench formation. Accord-

25 1ingly, a measurement before the trench formation will cause
false measurement results.

Moreover, such a measurement will avoid scattering due to
trenches. However, scattering due to impurities or surface

30 roughness cannot be suppressed.

It is therefore an object of the present invention to provide

an improved apparatus and an improved method, respectively,

for detecting an amount of depolarization of a linearly po-
35 larized beam.



WO 02/-t16723 PCT/EPOL/118.L1 5 detecting the orthogonal conponents
separated by said second beam splitter by neans of a second set of

phot odet eglbaras7283nd subtracting the signals received by saicqn5a¢9i3d: set of
phot odet ectors fromthe respective signals received by said first 5 set of

phot odet ectors. Preferably, the linearly polarized beamis transmtted in a
direction perpendicular to the surface of the birefringent nedi um and
wherein the first portion of said transmtted beam 10 is an on-axis portion
and the second portion of sgbd tran nltted beamis an off-axis Eprtlon

addi ti orMO¥$RVEF esthit 17 ndRnePIRCHrovi e BﬁeﬂﬁﬁﬁréPﬁganPndEPeP
internalaﬁtiﬁpﬁo$e@lﬁppﬂr@tﬁsnaﬁ@nﬂwcimprdeed5mathedcOﬂﬁspSCﬂgvalyaser

.device e ng a linearl olariz nfrar ser bheam and ar at us
for | det bt RFoREmhRbRe BF Daberast abFeReofieldath RearrstiaRloRER]

i nfraredvdfser beam after sald | aser beam has been transmtted by said
.sem g¢onductor wafer, wherein said apparatus for detecting an 20 anobunt of

depolari zati on of sai d linearly polarized | aser beamis_as defined above.
Fur t her lb¢eordhegptesehe pPrnesent oinyeevides theedhouvef objaeteidi ni ng an

'”ter”a|a§ﬁlé§édfb§|gn'Qp§a§§9ﬁ§0féﬁcééie&@iﬁé AR saaaﬁtSb@gdéggla&@p of
irradiating a |inear| arized infrared | aser beaminto said normally

|sotrop|%aﬁ%%$uﬂ$aﬁdl%ﬁ%aﬁ%YhB%16¥1ﬁ%@e%??ﬁgtEﬂnﬁﬁbﬁﬁﬁdopydépBP§Plzatlon of

sai d |In§@iﬁ%eﬂ@|ﬁéd1ﬁﬂ I@@gprpggﬂgafter sai d |nfrared | aser beam has been
transmtte uctor wafer wherein_sai th d.of d tectlng

an afount *réﬁpﬁ?%Tl er QL BEPRRREITY Pof&FF eHOF s8P BSaﬁlﬁ

defi ned abanemlﬂhedpbesﬁnintoventhogonalbaemﬁonpnnsthe understandlng that

voi ded Eratehe Sk P oRbat FRght i PRaRoar-ERsShROFSEGaPRREAES By, 0" °°

0 de ors
portion néSPeghLVhasn6005etbab@r@h@gdnalV@D@QDneava3sﬁgﬁrEPed/bYBSﬁlé from

t he truef§£gga£eéﬁpg£§§9%é?g t he depol arization due to internal stress
before it enters iler. In the follow ng, the present invention

wi | L5pe aegéepﬁédbﬁﬁm'SE&HEFar|fartﬁepé¥@Féaaeatéeﬁﬁédaeeéﬁﬁaﬁypég

drawi NgSgaid transmitted beam into orthogonal components, wherein
said second beam splitter is disposed off-axis of the inci-
dent linearly polarized beam;
a second set of at least two photodetectors for detecting a

20 respective one of the orthogonal components separated by said
gecond beam splitter; and
a subtracting device for subtracting the signals received by
said second set of photodetectors from the respective signals
received by said first set of photodetectors.

25
Moreover, the above object is achieved by a method for de-
tecting an amount of depolarization of a linearly polarized
beam transmitted by a birefringent medium, comprising the
steps of:

30 =separating a first portion of said transmitted beam into or-
thogonal components by means of a first beam splitter;
detecting the orthogonal components separated by said first
beam splitter by means of a first set of photodetectors;
separating a second portion of said transmitted beam into or-

35 thogonal components by means of a second beam splitter,
wherein said second beam splitter is disposed off-axis of the

incident linearly polarized beam;



Figure 1 shows an experinental setup of the apparatus of the present

i nvention; and Figure 2 shows an experinental setup of the apparatus used
10 in thewpydAk78't. In Figure 1, a linearly polarized | asgq/fandiavi ng a
wavel ength of around 800 to 900 nm and a beam di aneter of 200 nmis emtted
by a | aser device 19, for exanple a GaAs laser di 15 ode. The | aser beamis
transmtted by a sem conductor wafer 5. The transmtted | aser beam 2 now is
elliptically polarized, and it is split by the beamsplitter 7 into two

ort hogona] conponents 3 and 4. onent 3 is detected b hpt odet ect or 8,
ond CompaIRSRE LA i G PR (IO o SBRY S Y et d SSpgRdr e the
or t hogon@eamopdnanic; Wihandwamapld tdeetord i setei dhepho gl @@t ets asand

.pol ari zatj beam spli.tter. or the b splitter. ¥ is . polarizatjon _

i ndependgﬁ% T3 rhi tt% Scl%aolnse%%ce%'r%en(g 12?’ asséel%o‘jf%?ﬁp%%ds %%Z/ élf S ]Po%?

or t hogonale sl tanzisy izsym ridspectdpasitive midre s esemived byt i @5£inst dence
.directio f 9&? t%:iq{q corresponds to the optical axis of the

sem c%nd%&%oréﬂ\j\g#er e Igslss'er beamis directed perpendicular to the
surface of the sem conductor wafer. 30 In addition, a second beamsplitter
12 for sepaiddid Wa-id 1HRGONG) LOMDONAN Hdam 16 ¢Saporitionedhasfew
degrees offaxis sO as to separate an off-axis portion 11 of the trapsmtted

| aser be&hr S IEBy GETREMEBBHPL O JhdIBiTRIeQ@bridna P19afTEngdBFt i oned

so that phetiageteet Ghexk detatd S ieP Pt nnto Ssapdd phedntet 66t Beah4

det eﬂ)s conmponent 16. V\%'OZlecﬁ?tShPCT/ EPOl(i‘118~1. 7 Thlg of f-axis portion
11 otVt hed PRSP IRESH B fthth ad DR AR et hyP 5 T3 5L - FdlThness,
parti cl esnidgrted rbgzen tix WHrarqf Uertice gratttiesms. Since in the off-axis
direction only the scattered light will be detected, there is now one 5 set
of detectors sensitive on both the scattered |light as well as the true
signal , i lasldhtd aset Wie dutesandy siivenain tpnevivies BN sapipacateds | foht

only. MIfEORELR Yan e SEla0fsdd Lot oS .19 a@'eééﬁéé}gdﬁ@@oﬂn%'ﬁxi S

portion of the transmitted light is sensitjve on the scattered t _as
vel | 13s HEe GRS ingd ‘e gafe d8iiqs aitdeing 2 1Binear lutrelarzedte
of faxi s porfidaedllddewy thatis Mrid eth |dgttratiss SEMS| dév@c®Oind hen Seabher ed

| i ght onlc{ ef erence nuner 17, gl?.ot es .a su tracti[?g. devi ce ffr subl5
tracti ng Th& RGP SHF PO Sa INRAT RULFESEF i HEFar¢hel #2850 r ed

true depddesm zefttieon s ghalasdm hesemt ilead drgert heransdhitaiodd rigy devidessmubtract s
the signal, t%sre%df&,t%%J%@%ﬂf‘%ﬁﬂﬁér@&@'ﬁ v{}é&!‘l €y5! gnal
representing the onaXis pa.raei .eJ1 conponertt . Feover, The SUDT ract i ng
devi 2@ 2@maunt &ft slapwl anigad Laremie w@itd Aginear it fprebasi ed t1aser conponent

fromthedgnals reprEseiHddrhddie on-axi s vertical conponent. Reference
nunmeral 18 denotes a high gain anplifier which anplifies the resulting

difference signals with high gain. The ratio of the vertical conponent to
t he paralfigit irmeargona pidderthemvamta sreasetwides 4 heethd@rfek géress in

the waf ertea}:%cg.’nitn%usdn e{]na{:belxenaal qs'{q:lés}g £ iveallcjt’J aiFr|1 Oap soémfchoencx\@cfztecgrs ‘'wafer

25 comprising the step of irradiating a linearly polarized in-
frared laser beam into said normally isotropic medium and the
method of detecting an amount of depolarization of said line-
arly polarized laser beam after said infrared laser beam has
been transmitted by said semiconductor wafer wherein said

30 method of detecting an amount of depolarization of said line-
arly polarized laser beam is as defined above.

The present invention is based upon the understanding that

since the effect of light scattering cannot be suppressed nor
35 it can be avoided that the scattered light will enter the

photo detectors, this portion of light has to be subtracted



According to the present invention, by arranging a second 30 beamsplitter
as well as a second set of photodetectors a few . degrees off-axis, the

true depolargzeidson signal can be gained and the scatteri rp@ﬁmgmlsqifect is
| argely suppressed. In particular, scgttering items such as inpurities,

surface roughness and especially device structures such as trenches 35 w |
no | onger inpede an exact depol ari zati on neasurenent. Consequently, it is

possi bl e to conduct the Scanning Infrared EEpoIarization measur enent after
defi ni ng devi gg structures WO 02/ .16723 IEE /118 11 8 such as

t r enches EXeRuS et friensignadnd PR tiES § d1° t han

t he usuabhyepteflosree sk asfoereits cdittfeaize that mpmm&ﬂle devi ce structures.
Moreover, the effect of inpurities and surface roughness can now

advant ageously be ' 5 suppressed. As a consequence, quality eval uation can

be per f ofinedhet foldbwinghether eriesiemrt. invemtdem tvol lednse elddwrilaskritbeam t o

-be tra Ela‘c%y 18:&1;?;‘“%&%%%%%0“&@% V\%fc%rcymﬂatné/ra egiﬁigg{rb%as to be

approprlate osen. I'n part|c eamenitted by a
sem conductor | aser such as a GaAs laser is nornmally used. Usually, an

exper i rreﬁaghréetlupshgwghaaeaxpermbﬁlaatlh;e,elt@@elbfd%w&%p!p%xfdt&d diengat h the
sem conductor wafer while the de 15 tectors as well as the beam splatters

are fixed above t hBYXSERPECABYERSEONAf 8Rd The seni conductor wafer is rotated

and | at erablireshi f EREws0ahhakpkRementkll € s8€NhC oFd ieeO hpRfrait uss useanned. 20
determ ning the Ehf axi, s an?he of the second beamsplitter, it has to
q’n in mind that A& BEaPFePFfhg angle of light is not isotropic but

rat her |obar. Accordingly, in order to detect the portion of the scattered

| i ght th[ﬁhf"i%u%les ' e ll':{gl %fl&etpreﬁa )& S.La%%rrltl Oet%m haw}%i]eac%\?asvaer-y that

25 the displacenent ‘angle o secon beams er wt espect to the
opti cal &%ngtMOihér@@mc@@@u@mﬁQﬁam ajyel @ehﬁam\ﬁlaﬂmﬁeazerof #2048 nmimmum

angl e is;detgfiRkRadbY ot N8 s@e0RRNiIce ald,angeNRAlangf1d @@a@&arlaé ghhe

present inveniors_found out that an angl'e of 3 to 5 wll_provi opt| mum
resut s. 038 -TRBeadaseic e tife LreRsTiamsst bys ad@ﬁ%%@%ﬁe"@eﬁ?

[) enar kabbxé lr%m(rj Q\tﬁfisﬁiiﬁlt@dnga%ehoﬁéahﬂ 2amfaiw fllserelhlllrpﬂllduaﬂlt@ﬁ%lt&e I aser
eamirradiated in e ot waf er opped W

predet er Fnzﬁad Fpgq&gn étl léﬁ:"r? %’ﬁﬁ‘l‘q fsipé'rl%’ot? WD NG FWhIRF t ake into
account thogensailg na»h@ohemt\st Be arnsdo 4setcx>rr@fondae1tt¢(3t adrss dddecit e’ Bialpghdrave
this predehetulbogd & eauenelmliRdkos i RIS by PldRsct d 1%, na!

suppl i
2 In order to separate the orthogonal components, the beam

splitter 7 is either implemented as a polarization beam
splitter or the beam splitter 7 is polarization independent,
and the two components 3 and 4 are polarized by a set of or-
thogonal polarizers, respectively. In the present case, the

25 incidence direction of the laser beam 1 corresponds to the
optical axis of the semiconductor wafer 5. The laser beam is
directed perpendicular to the surface of the semiconductor
wafer.

30 In addition, a second beam splitter 12 for separating two or-
thogonal components 15, 16 is positioned a few degrees off-
axis so as to separate an off-axis portion 11 of the trans-
mitted laser beam. Moreover, a second set of photodetectors
13, 14 is positioned so that photodetector 13 detects compo-

35 nent 15, and photodetector 14 detects component 16.



WO 02/.16723 PCT/ EPOL/ 118-41 9 by the set of off-axis detectors fromthe
respective signals supplied by the set of on-axis detectors. The present
i nvent i onwigsp2igg7@arti cul ar useful when wafers 5 having hi gehyemeaigseri ng
surfaces or various wafer topographi es have to be exam ned. Although the
present invention has been explained with respect to the exam nation of
sem conductor wafers, it is ap 20 parent to those skilled in the art that
it can be applied to any kind of birefringent nmaterials, in particular
normal Iy isotropic, nedia, having rough and highly scatterjng suyrfaces. 5
10 15 ZOTWE)QﬁfﬁﬁﬁBSIBOP%#PEPE&/9§8§ﬁeltiﬁﬁﬁmgﬁﬁédli?@?rbbﬁgﬁtgéﬁsnitted
on- axi s paser sbgas8padaKi ssueFhteakocgrnesent gapt axilesparal ial par-
,conponentSSeficonguctor ma%ngslip Line7fir§% begglsgLitter8fgnst
phot odet EEYSH2F or IERECG PRFESFREnpBHBHE of Pr 5P pRbE oadt8cHdFSF5- P he
par al | el sohponkat 464teachdslight-axld ber lebacbédt hehkasern sbheawil2second
-beam.sp! LLE b 33eeandopboLarlel 664" ohOboLhec A 3LLELGRIRORehL4ggeond

or e of T- aralle

phot 6det et for vertical'conponen axis p . .
conponenvabbf &sakhe beuei sapnabnpwhahe 198absehcofngetie¢torsEshegReyain

anplifiepdinthargd Lasetededi ¢8ght VP9, - HEF&3cBRILERPOIL1I18NE! sl of

detectors 8, 9 detecting the on-axis portion of the transmit-
ted light is sensitive on the scattered light as well as the

10 signal, while the set of detectors 13, 14 detecting the off-
axis portion of the transmitted light, is sensitive on the
scattered light only.

Reference numeral 17 denotes a subtracting device for sub-

15 tracting the signals of both sets of detectors resulting in
the required true depolarization signal. In particular, the
subtracting device subtracts the signal representing the off-
axis parallel component from the signal representing the on-
axis parallel component. Moreover, the subtracting device

20 subtracts the signal representing the off-axis vertical com-
ponent from the signal representing the on-axis vertical com-
ponent. Reference numeral 18 denotes a high gain amplifier
which amplifies the resulting difference signals with high
gain. The ratio of the vertical component to the parallel

25 component will then be a measure for the internal stress in
the wafer and, thus, enable a quality evaluation of the wa-
fers.

According to the present invention, by arranging a second

30 beam splitter as well as a second set of photodetectors a few
degrees off-axis, the true depolarization signal can be
gained and the scattering light effect is largely suppressed.
In particular, scattering items such as impurities, surface
roughness and especially device structures such as trenches

35 will no longer impede an exact depolarization measurement.
Consequently, it is possible to conduct the Scanning Infrared
Depolarization measurement after defining device structures



Clains ' 1. An apparatus for detecting an anount of depol arization of a
linearly polarized beam (1) transmtted by a birefringent " 5 medium (5),

conpri si ngig @/4kt23St beamsplitter (7) for separating a firplritigp (2) of
said transmtted beaminto orthogonal gconmponents (3, 4); a first set of at

| east two photodetectors (8, 9) for detecting a respective one of the

ort hogonal conponents (3, 4) 10 separated by said first beamsplitter (7);
a second beamsplitter (12) for separating a second portion (11) of said
transmtted _beaminto _orthogonal conponents (15, 16), wherein said second

beam spl FUEEr g1 Eranehdissp ofHEbE @G@ISWI}?@einﬁm"ﬂé"?t Re kS eRfFtari zed

3eam (1) ankb sabseeeitd sSetc el ahd Qr’ﬁialll p@i&b&d@&@ﬁﬁ@ﬁéﬂ%nﬂé)béor
detectin

respective one of, the or naI onents 6) . separ at ed
by Sai d LEEonEARERTANG the GePe B e AR U (g BAET
subt r act ioifg itperditgread sarrcbcmmﬁad:eb)ros@ilmmcm seiw Gfdveot aarkedectorkse (13,
.14) from_the 20r ctive f
phot o%et ECEE esfe PAQG ¢ c E‘%ril'ﬁ{e%ac{ma \éﬁq &Zcor q;aﬂ %l} n]?etl Pq poI ari zed
beam (1) fiogmedaaénimutaiy hlrgmmsvrlezmal@nt he surface of the bi refringent the
first portion (2) of said transmt portion and the second portion (11) of

Is an off-axis portion. wherein the linearly direction perpendi cunedi um (5)
and wher &Pn OFEgThEMMENS e dheadiasazabeany &fs fer (tersEtins 5l Dy THe

appar at U%embo@ah%tdrng;a@@xamtt@ wafvedepeitdr haat it 1f b ﬂdtﬂ?gfalﬁ/elwrﬂ arized
beam according to claim,1 2, wher rgre%sq second beam stép}_se(#ter (12) is

di sptSed SEPSER ard! é’ad:ftl§ut 5’ G 25 SFh LT &% Y et ecti ng
an anouniseafi cdealcdid dlas@y Gfudh lasheadanspdlageirz ¢ heamedcdoondigd). t o any
of claims 1 to 3, WO 02/.t6723 PCT/ EPOL/ 118~1 12 further conprising an
anplifier (18). to which the signal of said subtracting device is supplied.
5. The apjsaedflys foor edgtegditmiemd adn saogntisofchdseol dm zdtiain tdfe Slasdyd nearl y

pO'ariZe%eQ%%%'%%C%%ﬁé&Jﬂehéaﬁh‘Uhé”é@ﬁ?%ahdda%d% wafer while the de-
15 tectors as well as the beam splitters are fixed above the
semiconductor wafer. The semiconductor wafer is rotated and
laterally shifted so that the entire semiconductor wafer is
scanned.

20 When determining the off-axis angle of the second beam split-
ter, it has to be born in mind that the scattering angle of
light is not isotropic but rather lobar. Accordingly, in or-
der to detect the portion of the scattered light which is
also included in the on-axis portion, it is necessary that

25 the displacement angle of the second beam splitter with re-
spect to the optical axis to the semiconductor wafer be very
low. However, a minimum angle is determined by the geometric
arrangement of the apparatus. The present inventors found out
that an angle of 3° to 5° will provide optimum results.

30
The accuracy of the measurement as described above can be re-
markably improved by using a lock-in amplifier. In this case
the laser beam irradiated into the semiconductor wafer is
chopped with a predetermined frequency. The lock-in amplifier

35 will then only take into account those signals from the two
sets of detectors which signals have this predetermined fre-
quency. The lock-in amplifier subtracts the signal supplied



wherein said subtracting device (17} is a lock-in anplifier. 6. An
apparatus for determning an internal stress field in a sem conductor wafer
(5) conprag edtetesl aser device (19) emit 10 ting a |inear! Yp@Ok@hi 1569
infrared | aser beam (1} and an apparateus for detecting an anmount of
depol ari zation of said linearly polarized infrared | aser beam after said

| aser beam (1) has been transmtted by said sem conductor wafer (5),
wherein said apparatus for detecting an anmount of depolariza 15 tion of
said linear|ly polarized_laser beamis as defin in_any of, clai,ns to 5.
7 A retodlerSnbt et PRE a8 ORNECEP EdepoPtr FoS: FORRECA YA R}

pol ari zesupehied 1pyt thaseett el by-axbier dktengert .ne 20 dium (5), conpri sing
the steps of: separating a first portion (2) of said transmtted beaminto
ort hogonal conponents by neans of a first beamsplitter (7); detecting the
or t hogonBhe conpoarht snyentdpnsépaint pdrbycvdpy tisefulbedersplafensr (7) by
meang; of év@%%igﬁ%y%ca%&e@ﬁ Spbeehets b8 vikiouSCRRAIEU Mgrgigrond
portion (11 f satd’ transmtte eam i nto orthogonal conponent 15, 16)
by meansPB®ies Ba¥enbEcbkant¥pminedr (12), wherein said second beamsplitter
(12) is disposed off-axis of the incident linearly polarized beam (1); 30
detecting,the orthogonal conmponents, (15, 16) separated by said second beam
splitterg%ﬁé?u%§ E@%n@rﬁﬁeﬁtséEBﬁHt%éF BPSpESFBdEF@éPﬁF§“kf§F'1EFT and
su?t;actépﬁct heOstn@aéﬁamenai:?ted by¥ saingcsﬁdandosega?ér@hotm;datf@tpars (13,
14 romthe respeciive si Leceive y,32.sai irst set.aq

photSet BETEPS 8. capse SlaTosh 1BTShECRrRY BRrt B e P SRS e Rod 1 o
det ect i ngnankanduaf birdépohgenzampbrrotlsa,| inepekyigulanr redniaddm
accordin j ereLn:the Lin |y s [ j
transnit?%%efﬁﬁg&g%%g%?foﬁhgébgeﬁayéglgg&tﬁl?ﬁg§25?%gggﬁggk{%%HE?¥§¥?ingent
medi um (5) S and wherein the first portion (2) of said transmtted beamis
an on-axis portion and the second portion (11) of said transnmtted beamis
an off-axis portion. 9. A nethod for detecting an anmount of depol ari zation
of a 10 linearly polarized beam according to claim?7 or 8, further
conprising the step of anplifying the signal which results fromthe step of
subtracting. 10. A nethod for determning an internal stress field in a 15
sem conductor wafer (5) conprising the step of irradiating a



linearly polarized infrared | aser beam (1) into said sem conductor wafer
(5) and the nmethod of detecting an anmount of depol arization of said |aser

beam af t efygS@l4g725i nearly pol arized | aser beam (1) has beerpdEmsmhisdii ed by
said sem conductor wa 20 fer (5) whergjn said nethod of detecting an anount

of depol arization of said linearly polarized | aser beamis as defined in
any of clains 7 to 9.
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12 second beam splitter

13 second photodetector foxr the parallel component

15 14 second photodetector for the vertical component

15 off-axis parallel component

16 off-axis vertical component

17 subtracting device

18 high gain amplifier

20 19 infrared laser device
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1. An apparatus for detecting an amount of depolarization of
a linearly polarized beam (1) transmitted by a birefringent
medium (5), comprising:

a first beam splitter (7) for separating a first portion (2)
of said transmitted beam into orthogonal components (3, 4);

a first set of at least two photodetectors (8, 9) for detect-
ing a respective one of the orthogonal components (3, 4)
separated by said first beam splitter (7);

a second beam splitter (12) for separating a second portion
(11) of said transmitted beam into orthogonal components (15,
16), wherein said second beam gplitter (12) is disposed off-
axis of the incident linearly polarized beam (1);

a second set of at least two photodetectors (13, 14) for de-
tecting a respective one of the orthogonal components (15,
16) separated by said second beam splitter (12); and

a subtracting device (17) for subtracting the signals re-
ceived by said second set of photodetectors (13, 14) from the
respective signals received by said first set of photodetec-
tors (8, 9).

2. The apparatus according to claim 1, wherein the linearly
polarized beam (1) is transmitted in a direction perpendicu-
lar to the surface of the birefringent medium (5) and wherein
the first portion (2) of said transmitted beam is an on-axis
portion and the second portion (11) of said transmitted beam

is an off-axis portion.

3. The apparatus for detecting an amount of depolarization of
a linearly polarized beam according to claim 1 or 2, wherein

said second beam splitter (12) is disposed at an angle of 3°

to 5° off-axis.

4. The apparatus for detecting an amount of depolarization of

a linearly polarized beam according to any of claims 1 to 3,

10

10
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wherein said apparatus for detecting an amount of depolariza-

15 tion of said linearly polarized laser beam is as defined in
any of claims 1 to 5.

7. A method for detecting an amount of depolarization of a
linearly polarized beam (1) transmitted by a birefringent me-
20 dium (5), comprising the steps of:
separating a first portion (2) of said transmitted beam into
orthogonal components by means of a first beam splitter (7);
detecting the orthogonal components (3, 4) separated by said
first beam splitter (7) by means of a first set of photode-
25 tectors (8, 9);
separating a second portion (11) of said transmitted beam
into orthogonal components (15, 16) by means of a second beam
splitter (12), wherein said second beam splitter (12) is dis-
posed off-axis of the incident linearly polarized beam (1);
30 detecting the orthogonal components (15, 16) separated by
said second beam splitter (12) by means of a second set of
photodetectors (13, 14); and
subtracting the signals received by said second set of photo-
detectors (13, 14) from the respective signals received by
35 said first set of photodetectors (8, 9).
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10 linearly polarized beam according to c¢laim 7 or 8, further
comprising the step of amplifying the signal which results
from the step of subtracting.

10. A method for determining an internal stress field in a

15 semiconductor wafer (5) comprising the step of irradiating a
linearly polarized infrared laser beam (1) into said semicon-
ductor wafer (5) and the method of detecting an amount of de-
polarization of said laser beam after said linearly polarized
lasexr beam (1) has been transmitted by said semiconductor wa-

20 fer (5) wherein said method of detecting an amount of depo-
larization of said linearly polarized laser beam is as de-

fined in any of claims 7 to 9.



