WO 02/ 46723 PCT/ EPO1/ 11841 1 Description Apparatus and nethod for
detecting an anount of depolariza- tion of a linearly polarized beam5 The
present we@enii7en relates to an apparatus and a nmethod fpeT/@etieas4iing an
anount of depolarization of a linearly po- larized beamtransmtted by a
birefringent medium 10 This apparatus and nethod, respectively, can
conveniently be used for detecting internal stress fields inherent to a
sem - conductor wafer which normally is isotropic and, thus, does not

exhi bit paycbipeishngence. As the internal stress fields are induced by
di sl ocations and slip lines, the detection re 15 sult wll be a neasure for
t he anobunt of dislocations and slip lines and, thus, will be a neasure of
t he qual Apyavithbeantdahethaddfbhedeesatinggaseancanduofodegeioeega~The

linearly,,polarized.,he S ferahl ansmtted by the birefringent
nediun1i%lgnd?ﬁe%tgﬁﬂe%gégeﬁg§%ﬁ gggt%e%ﬁe surface of the bi- 20 refringent
medi ®n Usual |y, the nmanufacture of sem conductor devices involves various

steps of rual gLopLaCessibg: 38, +L2PaLILEULAT apbhELIRL 2REOGCHSLAGSS! ePS
during which The waf ers are nechani cal 5 s?_esse . As a consequence, -
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deteriorate the device characteristics. Accordingly, it is necessary to

assess the anount of dislocations and slip |lines and, based 30 on the
resud, TRjechipbhvacuvabrdsmbanbdy asspaouitvedf, deahoconathoaatapdbsl i p

| e ubhghoeKeeeda acpre ouslypgel sLILpgd:, Loasohel ducbectq stnet
conductor wafer which normally is isotropic and, thus, does
not exhibit any birefringence. As the internal stress fields
are induced by dislocations and slip lines, the detection re-

15 sult will be a measure for the amount of dislocations and

slip lines and, thus, will be a measure of the quality of the
wafer and the resulting semiconductor devices. The linearly
polarized beam is preferably transmitted by the birefringent
medium in a direction perpendicular to the surface of the bi-

20 refringent medium.

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
assegs 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



35 a nethod called Scanning I nfrared Depol ari zation. The princi- ple of
slip line detection by Scanning Infrared Depolariza- tion is based on the
fact thatwoornededy pol arized |ight WO 02/ 46723 PCT/ EPO1/ 1RGWEP01211841
transmtted by a silicon wafer splits2up into two orthogonal conponents,
paral | el and perpendicul ar conponents, with re- spect to the incident |ight
when internal stress fields lower the symmetry of the crystal from
tetrahedral to tetragonal or 5 even lower. Stated differently, a nornally

i sotropi grghkhseReWabe’ abe160mes yRirkef rswg%@t WheR N SN rtHIRRRf | el ds
ocurr. Accord- ingly, "the_two orthogonal_ conponents formthe ordinary and
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waf ers arevenallsedrby the distortion of the crystal by dlslocatlons or slip
lines. The ratio between the two orthogonal conponents gives a good

measure of the strength of the stress field. An experinental setup for a
Scanni ngStatedr ddfbepsradiyzaei oerrelivadertmoptic sidiown waiimgiee 2. In

Figure ZcoﬁggeEQQEQrﬁﬂgeﬂﬁr%hek gﬁ@%&%%laskkg%%rEﬁeﬁ%%aﬁdﬁ?@ | agel,eam

emtted by a aser devi ce_(not shown). Reference nuneral denotes the | a-
ser beamiBE{¥r FhenkWoheskhrEsAat COBROBENLRe Lo&H @@@d@ad@rnarwaﬁ@ﬁi
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b ort hogonal conpo- nen and 4. Conponent 3 is
det ect =BG PhoBHBCACEGE 825 SnGoCSAORBRE 4 e RERBLEBETEY Bhot6Het ect or

9. The sthp whfier is eépipsenhédyapod agtiepddenet ed hher ehrisencd ffeseral 6.
30 The eggggtbgg%géhbgﬂeag%%eo%%h%%%%aﬁe%%mpé%%%kgtngly’ the ra-

15 The stress fields occurring in a semiconductor wafer are
caused by the distortion of the crystal by dislocations or
slip lines. The ratio between the two orthogonal components
gives a good measure of the strength of the stress field. An
experimental setup for a Scanning Infrared Depolarization

20 measurement is shown in Figure 2. In Figure 2, reference nu-
meral 1 denotes a linearly polarized laser beam 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



tio of the vertical conponent to the parallel conponent of the |ight beam
is 1. 100 or even less. In order to detect the weak vertical signal, the
anpl i fi ewa@npkd’tyi ng the photo di - ode signal has to operBCEERM/ESMery high
gain. 35 However, the perpendicul ar cbnponent detected by the detector is
not only caused by the depolarization induced by slip WD 02/46723

PCT/EPO1/ 11841 3 lines but it is also caused by scattering of |ight. Due
to the inperfectness of the wafer surface such as surface rough- ness or
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fromthe sem conductor device such as" 5 trenches and other structures wll
cause | igH EERRTERFHISSALT atheneatrenterfate PorlrfsedUFfgRe WPHPRchange
its pol aidg@-of i D {eLés prcios polirexed Deghpeignpebateézed. Thepaprentary
paral |l el _an erpqu%%ular conpqgents of t ist 10.scattered, light will then
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difficulties arising during a scanning infrared depolari- zation

measurenent can partially be avoi ded when_t he neasure- 20 nent is, perforned
bef ore stHCIUPFERTEPALAHEhcied RRTRPAG FR13%r gerporante PFghbis

scatber i $tgh o €r@t 1 e dei HOVENES , be SAdEScthed i bg boeht sepebrdosmtEon al so
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ingly, axneaiteserentibefsrintpertienthrfoheatasn whéh theseafers are
already patterned, the amplifiers start to work nonlinear or
are driven into saturation. In both cases the amplifiers be-
15 come blind for the weak signal representing the true depo-
larization effect.

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 ingly, 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 beamn.



fal se neasurenent results. Mreover, such a nmeasurenment wll avoid
scattering due to trenches. However, scattering due to inpurities or
surface WwW0o0reIghness cannot be suppressed. It is thereforeranoiobipact of
the present invention to provide an 4nproved apparatus and an i nproved

met hod, respectively, for detecting an amount of depol arization of a
linearly po- 35 larized beam WD 02/46723 PCT/EPO1/ 11841 4 Noreover, it is
an obj ect of t he present i nvention to provi de an inproved apparatus and an
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a sem con ctor to t present |nvent|on he above
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zation afpa ddiaaling Rplal i zed heamdiangritied bh a dwrcdddn@est medi um
conpri si 10 a first beamsplitter for separating a first portion of said
transmt"“la%t?%eamlnto ort hogonal conponents; a first set of at |east two

photedetectors for detecting a respective one of the orthogonal conponents

ted by sai f t b litt d b f
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phot ode?%ct (%I{;%?E(y)raydﬁt ect |l§§ gg Zregjépect [ scers%%lsen?l?@é% or% h%l\é\%%al
conpone i nggyEr areshl Wy, s%@f@rﬂs@étﬁw-d beam splitter; and a subtracting

devige fOresult nacth ngptia st Fy sdReRivsety Y first portion of said
transmitted beam into orthogonal components;
a first set of at least two photodetectors for detecting a
respective one of the orthogonal components separated by said
first beam gplitter;

15 a second beam splitter for separating a second portion of
said 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
second beam splitter; and
a subtracting device for subtracting the signals received by
sald 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;



said second set of photodetectors fromthe respective signals received by
said first set of photodetectors. 25 Moreover, the above object is achieved
by a met voolot/ed728le- tecting an anount of depol arizati on oPCHEPIWES41 y

pol ari zed beamtransmtted by a birefringent nmedium conprising the steps
of : 30 separating a first portion of said transmtted beaminto or-

t hogonal conponents by neans of a first beamsplitter; detecting the
orthogonal conponents separated by said first beamsplitter by neans of a

first Se&e@éc@'ﬂﬂéOQEEGSE%égoniﬁp%ﬁbbﬂgn@ss%%BQ@aIE%Eit g“ 2 S@dbon
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said first 5 set of photodetectors. Preferably, the linearly polarized

beamis transmitted in a direction perpendicular to the surface of the
bi r ef ri ngeaferabliyuntandluwhersly phéariret permi 4 Giragaind titednsim tat ed beam
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In addition, the present invention provides an apparatus for
determining an internal stress field in a semiconductor de-

15 wvice comprising a laser device emitting a linearly polarized
infrared laser beam and an apparatus for detecting an amount
of depolarization of said linearly polarized infrared laser
beam after said laser beam has been transmitted by said semi-
conductor wafer, wherein said apparatus for detecting an

20 amount of depolarization of said linearly polarized laser

beam is as defined above.

Furthermore, the present invention provides a method for de-
termining an internal stress field in a semiconductor 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



beam after said | aser beam has been transmtted by said sem - conductor
waf er, wherein said apparatus for detecting an 20 anount of depolarization
of said Woeznsd7y3 pol ari zed | aser beamis as defined abovRCT/EROt/Hi&sInOr €,
the present invention provides a nethod for de- term ning an internal
stress field in a sem conductor wafer 25 conprising the step of
irradiating a linearly polarized in frared | aser beaminto said normally

i sotropic nmediumand the nethod of detecting an anmount of depol arization

of said {Lne- I | ar i m. af i.d- L nf I r rheam has
been tr i G (B2 BLoAAL, L80EcaDRRMNG) LRE RELOILPLLALeRy! B8 o0t
det ect | niperEmbustrofs depbPaei k1t #BReBF Shedamphefigrly pol arized | aser

beamis as defined above. The present invention is based upon the
understanding th since the effect of light scatterjng_canng e,

suppr essEd ?ﬁ% fakleyingn B%eaQB?%%Bttﬁ%YegEéogcﬂﬁﬁiréﬁ ﬁ?ﬁﬁ?l&ﬁgllgnter
the photdettlei BColDtlsS, réheBehoet tonthé hitgbiphagihg beasthtysact ed WO 02/ 46723
PCT/ EPO1/ 11841 6 fromthe true signal representing the depolarization due
to internal stress before it enters the anplifier. In the follow ng, the
present Fiyertibn shdws ban desperbeental Scdepadf Whehappheatnseofothhe

acconpanyi ng dra“ﬁﬂﬁ@seﬁ%gﬂﬁ@é&tfgﬁwﬁa experinmental setup of the
apparatus of the ‘present Tnveniton:® and Figure 2 shows an experi nental

set up of Fiderappardieiss sk Exaerineipel pieovpr apf . tha Fpparetus wsednearly
pol api zed | aser begmhayvifg; & Wave: | ength of around 800 to 900 nmand a
beam di aneter of 200 nm s emtted by a | aser device 19, for exanple a
GaAs | aser di 15 ode. The laser beamis transmtted by a sem conductor
waf er  5In Theghra&nsm &t einkasey peaar2zeawlaseel bepth takliygpal abve-

length of around 800 to 900 nm and a beam diameter of 200 nm
is emitted by a laser device 19, for example a GaAs laser di-
15 ode. The laser beam is transmitted by a semiconductor wafer
5. The transmitted laser beam 2 now is elliptically polar-
ized, and it is split by the beam splitter 7 into two or-
thogonal components 3 and 4. Componént 3 1e detected by pho-
todetector 8, and component 4 is detected by photodetector 9.
20 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.



lzed, and it is split by the beamsplitter 7 into two or- thogonal
conponents 3 and 4. Conponent 3 is detected by pho= todetector 8, and
conmponentwd 02/¢67a®t ect ed by phot odetector 9. 20 In order tpPCHEPawEsH the
ort hogonal conponents, the beam splitter 7 is either inplenented as a

pol ari zati on beam splitter or the beamsplitter 7 is polarization

I ndependent, and the two conponents 3 and 4 are polarized by a set of or-
t hogonal polarizers, respectively. In the present case, the 25 incidence

directi eofoftfh%ﬁéi%sgoﬁﬁadq Jilc%f;ea&ortdéa& e g optd Lalpaxh s, f the
sem conduct or waf er S. e lTaser beamis Irected perpendicular to the
sur f ace befert mraddgnsshdut tvtrfagd erouBOaSs adfintbhiess Fecody Bsam splitter

12 for sepapald NGdMR Osatthaganalscopanente Brr 646 posdddaned a few
degrees off- axis so as to s,eparat,g an of f-axis Fortlon 11 of the trans-

mtted I4der Heamcaeasierlidhs Reetdefte oddte& of$ MAB O1Y i s
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phot odet e ésr 14 .detects coqf nent.%g. WO 02/.46723. PCT/ EP01/11841 7 The
of f - axi S'SIdr A% PPL BTG e FHs it et I 675 T m FREE e A 41787 ed by

sur f ace triogloreste pardtitedmesd drightn gary. tMand aronasstieky pathersst & nce in
the of f-axi s . di i it ttered |i i | t .there is
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scat t er &Hs GRT AL e g ththi L 19k 1 &4 rRenttofe (it ddtors 13, 14
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the scattered |ight 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 representingAthe 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



Ref erence nuneral 17 denotes a subtracting device for sub- 15 tracting the
signals of both sets of detectors resulting in the required true

depol ari 0@ bps783 gnal . In particular, the subtracting depCTEPsbIB41acts the
signal representing the off- axis par&llel conponent fromthe signa
representing the on- axis parallel conmponent. Moreover, the subtracting
device 20 subtracts the signal representing the off-axis vertical com
ponent fromthe signal representing the on-axis vertical com ponent.
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internal rStLessctdrnihg WALCHde LPUSctERED! evaragakit Y caxakiatien of the
wa- fers. According to the present Invention, by arrangln%aa second 30 beam

splitterChsimeyrihiey 3BeoRdrEaEe orOPPRLdTet €RE RSVt RN aEGPEESYOPE- axi s,
the tgrueg asédat heNaSkERskgGanche qual ned endltheisaatkar bagpkirght

ef f ect ii ar elé su8£r§35ﬁd. I n Earticular, scattering itenms such as
i mpuri ti e8EMSArFacBYCroligHnessPahd  85PRci al 1y device structures such as

trenches 35 will no |longer inpede an exact depol arization measurenent.
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Depol arl zat! on neasur enen ! I Nl ng device structures .
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exagly andosehst PRt Hakt {banalNeasyakly 88T { 9588 dLEERSHMEFBRESLDE, fore
patterning the device structures. Mreover, the effect of _inpurities and

surface FOOHRARILCEAE HBRPHITERR aBBOBSPFI Bel BSRLphF cBSENALAY HSEEnsequence,
quality evaluation can be per- forned at nuch higher precision. In order to
ensure t@guéffef ggagkégr95e5£gﬁsgg£&gdigycﬂggen in which the laser
device is fixed beneath the semiconductor 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



sem conductor wafer, its wavel ength has to be appropriately 10 chosen. In
particular, an infrared | aser beamemtted by a sem conductor |aser such as
a GaAs | awen2ie2normal |y used. Usually, an experinental Bermpowvgsathosen in
which the |aser device is fixed beneath the sem conductor wafer while the
de 15 tectors as well as the beamsplitters are fixed above the

sem conduct or wafer. The sem conductor wafer is rotated and laterally
shifted so that the entire sem conductor wafer is scanned. 20 Wen

det er m gnghe of [ Analee e ddionaeaanth haam:shlidor 186 sidndits to be

born in _ the scattering angle of light is not isotropic but

rat her EupRLicfc&yr dheyISEt i9f oM-aders (RERAEEES t he portion of the
scattered light which is also included in the on-axis portion, it is
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re- spe(?)t{let BHEFE AR a1 Jtrhéjag%qﬁ%cl{%‘?fﬁaf@e%ew 755 1 ow.
Howey er has imigninhgnlgngca titerdetee ranmictbdy dihevageioned rvafear topgenent of t he
appar at us.. 'gh% ereescentbei n%%mliﬁ{esdfound out that an angle of 3 to 5 wll

pr ovi de FopEtmifA esdl %, e accuracy of the neasurenent as descri bed
above can be re- markably inproved by using a lock-in anplifier. In this

case t aeltglg;t%gh F&%?éﬂﬂfé@éﬂ@tigﬂfé%ﬂfﬁﬁ he, S 838 GONEMCT O1 n M@ 1 1 Sre Chopped

with a pre rm ned “frequency. ock-in_anplifier 35 will then only
t ake i nte®egEcFinttheh exawingHa A 19l i IVt SvdpfeHet ekt ot i ch

si gn@l s daawed ks dadetarmined fi echguencychaihei t ocdkn i e agppiicerto
subtracts tmgﬁal J'fﬁuﬁplfljed WO 02‘?/ 46723 PCT/ EPO1/11841 9 b‘ﬁ _H;e set of
of f - axi $7e % A dR T B Ynat’s PRUpPT 3 byt HE sét of
on- axi s ideftaeimires .mekhie prieseinig i mvert i and ifsighl pastacieningssfinfaehen

waf ers



5 having highly scattering surfaces or various wafer topogra- phies have to
be exam ned. Although the present invention has been explained with re-
spect toweezexaim nati on of sem conductor wafers, it is apeT/Eopasant to
those skilled in the art that it canl1be applied to any kind of birefringent
materials, in particular normally isotropic nmedia, having rough and highly
scattering surfaces. WO 02/46723 PCT/EPO1/11841 10 1 Incident |aser beam
2 transmitted on-axis | aser beam 3 on-axis vertical conponent 5 4 on-axis
paral | el conponent 5 sem conductor wafer 6 slip line 7 first beamsplitter
8 first photodetector for the vertical conponent 10 9 first photodetector
for the:garmﬁQﬂlé%ﬂﬁxﬁﬁﬁﬁr ®*%renches 11 off-axis portion of the |aser
beam 12 secachieain ised i dhesixilsS Besondogdnat odet ector for the parall el
conpone 15 14 second phot.pdet ect or gor the vertical conponent 15

of f - axi s” par a‘?rll—earxjc%r%%rn\gjh?a 6-OIf3Xis vertical component 17 subtracting
devi 6e 18 hi gmgatis apptaflel c@@pd@enmnfrared | aser device WO 02/ 46723

PCT/EPO%%llS%;anﬁéonéa@Egg wardP apparatus for detecting an anount of
depol arization o

6 slip line

7 first beam splitter

8 first photodetector for the wvertical component
10 9 first photodetector for the parallel component

10 trenches

11 off-axis portion of the laser beam

12 second beam splitter

13 second photodetector for the parallel component
15 14 second photodetector for the vertical component

15 off-axis parallel component

le6 off-axis vertical component

17 subtracting device

18 high gain amplifier
20 19 infrared laser device



a linearly polarized beam (1) transmtted by a birefringent 5 nedium(5),
conprising: a first beamsplitter (7) for separating a first portion (2)
of said twanxmi7ei ed beam i nto orthogonal conponents (3, 4PCT/APO/TI841 set oOf
at | east two photodetectors (8, 9) fdd detect- ing 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 splditigrs (12) is disposed off- axis of the incident linearly polarized
beam (1); 15 a second set of at |east two photodetectors (13, 14) for de-
tecting a respective one of the orthogonal conponents (15, 16) separated
by said secandihiearaspd i tderdddedt idnthd SHbhRachE NgefVheez487dnl 6F
subtracti r}g t he si gpg‘%ls re-_ceived ﬁ% sai d second set of.tht odetectors
(13, 14)2 friRranky LR PR sf GhaF P UREF Ve BY LaPHEFTTSPOSRE of

phot edetrgedidmr 65X 8, cprsirdde apparatus according to claim1, wherein the

i | 1o ved b s . . . . T on. o5
ar to the ST R roR ML BT o T ot St Shr 18) * abEE kPl e BRo e T,
por ti on qR2)satd sarahsminsed thean bisane | srianogenaki components &hd the second
portion ( ]1?%1;&’% S G f ransiiled e otéﬁlé{‘eé’%iéx'@f pé’gt JF.QP- d8Pedc-The

appar at us etecting an anount of” depolarization o I nearly
pol ari zekhhenrmerRVT Ty 2%° Phihha SFtDogeprt eFAMPIBEALS ebdndt beam

spl bt erse(ﬁe%}aﬁ'éd%[;p@éf@ lran @é&he%pii@@ertmﬁ; of f-axis. 35 4. The

apparatus for detectin n amount of _depol ari zation of a Iing%E:LLg
pol ari zetl $REMRARLA I PRt ey (1) FAf nEeRaTRE ST v BOFARF B n
PCT/ EPOL(11184df d2id transmitted beam into orthogonal components (15,
16), wherein said second beam splitter (12) is disposed off-
axis of the incident linearly polarized beam (1) ;
15 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
20 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-
25 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.

30 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.

35 4. The apparatus for detecting an amount of depolarization of

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



further conprising an anplifier (18), to which the signal of said
subtracting device is supplied. 5. The apparatus for detecting an anount of
depol ari a0 opss70§ 5 a |linearly polarized beam accordi ng porT/apgi/ag4icl ai ns 1
to 3, wherein said subtracting devide (17) is a lock-in amplifier. 6. An
apparatus for determning an internal stress field in a sem conductor
wafer (5) conprising a |aser device (19) emt 10 ting a linearly polarized
infrared | aser beam (1) and an ap- paratus for detecting an anDunt of

depol a“E&‘Hl?% %] @_8%951%1 ”&?ré&{% fz?fﬂsi nfLarod: L St‘?lﬁebg ng sai d

| aser beam een ransnl sai d’' sem conductor

wherei n S @ %@@%¥%@E%n§o¢eﬂ%¢%c%$r@P@@ﬂ%@%unt of depolarlza 15 tion of
said linearly polarized |laser beamis as defined in any of clains 1 to S
-7. A nethod for detecting an_anount of de olarlzatlon of a IlnearI¥

pol ari zed: bed®n WH2FFEWE nt OF L BSC BT r ¥R rihgent Ye-doRPHRERFREIOR ©
CcoNnps.i Si m@.iﬂﬂ@aﬁlﬁgsobirlﬁé@alb@ém ngceofding pPorihprof 2&1@im§al dtbransm' tted

b i h b t
ot act | TP TR br ERbgoRS CEOTpORrte {5 By koharai Loy et L TSE  bbam

splitter (7) by nmeans of a first set of photode- 25 tectors (8, 9) ;

ti t ] d h I
conponents 1= ok (£8P ddeduflndl (e BRI S o bBy L O
second b@ﬁﬁi@@mdm¢@¢r(wa§ers @Iscommgtﬁﬂ@mfaa&&%ebfd$%@0$n&lﬂbn@mitﬂearIy
pol api zegh heam { {)ea 30, dﬁé%i@@dtbﬁffﬁmmr COIRANENY Sahd Oanl

separated by said second beamsplitter (1 nmeans of a second of
photodet@%%%ﬁ%s(ﬁﬁF @ﬂ§ec%hﬂgs%%t?%&%@%gpf e%?b%%}%a?%%%l9%ds%¥dsald

second SEin@irPROiStafieieEt Disrdddd Ldget rovah hef f &6 peLid Vea S&HNBLEST
received by ;39 SALY [1L3LnPeleQ n POl 04O &S A 8ad 8o vater (5),
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.

57. A method for detectihg 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).



WO 02/ 46723 PCT/ EPO1/11841 13 8. The nethod for detecting an anmount of
depol ari zation of a linearly polarized beam according to claim7 wherein
the |ineedby4qied ari zed beam (1) is transnmtted in a direpCT/BR01/11841

per pendi cular to the surface of the WBrefringent nedium (5) 5 and wherein
the first portion (2) of said transmtted beamis an on-axis portion and
the second portion (11) of said trans- mtted beamis an off-axis portion.
9. A nethod for detecting an amount of depolarization of a 10 linearly

pol ari zeg bﬂ%@[ﬁéﬁﬁé gyt QeEEétHhc_?; oh émo&w;tB@rdegeﬁa&h%ﬂgohh%fstaep of
anplifying the_signal which resultS fromthe step of subtracting. 10. A

net hod f bENIREEY PR AG1ERY REBMNAFCSEFéRY FPeFHaFW a W@Sr§éﬁiééﬁductor
waf er (5ilﬁ@a£1y8pagat:m@eat BRaffl (17radi akhAgmattkinear by dpekatiized infrared

I b t - _duct d th th f

dot oct | HREERCETBEER ST e L BRoPUFF2AE: B Rooa o ELEP-BEaRFatEs) (541 d

l'i near | yapdl ehezetn thseflbeanpciylbas.beenftsamdntraadmbytsdl@eam is
sem condugtor_u@, 20,5t +(n) hergln.saldarerhodonf (dgteqti ng;an qmunt of

depo- | arization of P4 i near 'y polarize aser I'S as de-"fined in
any of chaiped7beamois an off-axis portion.

9. A method for detecting an amount of depolarization of a

10 linearly polarized beam according to claim 7 or 8, further
compriging 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
laser 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.



