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critical to wafer fabrication/reclamation industties. The wafers produced by wafer

fabrication processes are known as “prime” wafers. Wafers which fail to meet
production quality standards are rejected at various stages of the wafer fabrication
process. These rejected wafers are known as “test” wafers. “Test” wafers are useful for
‘monitoring the operation of the device manufacturing process during trial manufacturing

runs prior to beginning the actual device manufacturing using the “prime” wafers. “Test”
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Typically, a semiconductor wafer can have a large number of defects, of varying

patterns, such as swirl, cluster or random particles, voids, scratches, cracks or damages
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instrunments before the wafer fabrication /reclamation,
have resulted in high wafer rejection rates at the

end of final polishing stage. The rejection rate is
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deformations can be further enhanced vsing phase shifting (also called phase stepping).
Under equal conditions, phase shifting interferometers have a higher sensitivity than

systems without phase shifting. Phase shifting interferometers calculate the phase
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anomal ies in objects. The application of shearing
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sub-surface defects by digital shearography or
or etched wafer surface to inspect for sub-surface defects by digital shearography or

holography techniques. Swirl defects and groups of defects can be easily detected both
qualitatively and quantitatively by whole field measurement of the wafer surface in few
.seconds. The serial automatic measurement on a small area (approx, Imm by lmm) can
be carried out using a macro focus lens at different locations of the wafer for detecting

distributed sub-surface wafer particles of micron and sub-micron size.
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BRIEF DESCRIPTIONS OF THE DRAWINGS
These and other objects and advantages of the present invention will become

more apparent and more readily appreciated to those skilled in the art from the following
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nore apparent and nore readily appreciated to those

I: M) e grt fromthe fqllown 6. WO
3 ?éé{lf’ﬁ %@‘E Q}%&F?%‘e@m@de@g m 8@%‘8}08‘& Vish thfacequepanying
dipwie wheck el QeofeRe famek ARV bBerGRR ULk HRe kd dlerhdlfs and
cconpanying drawi ngs, wherein like reférence
WHUHET al s have been used to desi gnate |like el enents and
wherpgiuie 1 Elogidr f ' af . pEli. .
i | 1 e 1 SRS B ppI ol D i g oot o

segq) by the KEdrtencosinptomesmt.. Figure 2 is shows a conponent
si_li.con wafers in

di a stem for ,inspectin el
acc %frggl ? nég{g ngov?%a ég ﬁlp 8&%135?& ‘éﬁﬁ&%ﬁmﬂﬂ%ﬁﬁmeﬂhwn wafers
in pgpomiatdeovith diegemplary2MbabichedPofdhoMydniign.ar r angenent of

optiecs for digital shearography and hol ography
cont 15§07 g‘f&ia %gb S@?"bﬁ‘l"é‘“ﬂ“@ﬂ’&%"@ﬂ“@ﬁ?ﬁ digital gesaepgraphy and

holopapdéonfig@ttidnest ant aneous phase shifting head and an
' ring head. Figure 5 shows an alternate

| e she ) [ ] I
enb d&Pﬁgﬁﬁo‘Vﬁﬂ opticd headiariuding an inFlagfenceusplsisevisftamg head and
an fBR4FP OMANAg Klagor am for nmeasuring the flatness of a
polished ~wafer surface in accordance with an
ex ifTE f phaviroditpmate eobodiment fovamndpitioal heid.gur e 7 shows
an ExaeRLaL | i and area scans for .
ooy e sk fiBhd Sheby B R P Binu it e Dot S potisds

wafgr gicfacy inacokdaace witeapdanmplanpéribodiBend of W ikedtion.
9 shows an exenpl ary

va 1N devi ce. Figure |

wafcfgg@ Jégffa”ar?ra F%S?"'Pé?fés falyn %{Weéﬂd BFeg Sfaes 197 explggings wafer
backdrindlprdcesw chart incorporating an exenplary nethod for
ilicon wafers during the wafer

[ tl f
R S e e e kg

devitt. A and Figure 118: shows sub-surface defects in an
unpol i shed silicon wafer in Figure 11A and shows a

go shows an @geg;y}aéy weier reclamation process cycle.
Figure 10 shows a block flow chart incorporating an exemplary method for

inspection of silicon wafers during the wafer production process.

Figure 11, consisting of Figure 11A and Figure 11B, shows sub-surface defects in
an unpolished silicon wafer in Figure 11A and shows a good wafer in Figure 11B.

Figure 12 shows the surface micro-defects of the wafer from Figure 11A after
surface polishing, as measured by a KLA tencor instrument.

Figure 13, consisting of Figures 13A — 13E, shows surface defect displays for a
silicon wafer according to an embodiment of the invention, with Figure 13A showing
nano-scale defects, Figures 13B and 13C showing a single defect on a lapped surface, and
Figures 13D and 13E showing a single defect on a fine polished wafer surface.

- Figure 14 shows a component diagram of an X-ray interferometer system

a;:_c_ording to an exemplary embodiment of the invention.
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Figure 12 shows the surface mcro-defects of the wafer
fromFigure 11A after surface polishing, as neasured

by a KLA tenor instrument. Figure 13, consisting of
PYQaiee726BA - 13E, shows surface defect displ 2gESEz04/a00039
silicon wafer according to an enbodi nent of the
invention, with Figure 13A showi ng nano-scale

defect's, Figures 13B and 13C showi ng a singl e defect

on a | apped surface, and Figures 13D and 13E show ng

a single defect on a fine polished wafer surface.

Fi JDETALZEB DRSCRIPIIORCOE THEPREFRRRED RMBODRMENTS

interferometer system according to an exenplary
enb SéFRehiliugrates s compyienbasethsysPmAE 2B 6@ wafers

o T J RT OF THE
o S Rt e AR, Holb R e head
copgisting pémlmag%ﬂle&gagw band a'n:rnigmiﬂengs phiakd %ﬁ:ﬁpgvﬁéaﬂl’?_ffor
: . t 1 ry.e I.ent . of, the | nventi on,
shA i el R R B e aaa is igied, gt hosd 94 fo

hokllimagingopticg adrabnuansiredsing i Hma MudarAA ARE rothty 18 lsidGes.
shearing the image and form ng real tine
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Thﬁsﬁggf&’f%‘ﬁﬁ?a?? ! depiess sre interfagedito afomppie?s, awepsmpply, and

el eedtiBids. "oheQRhdoe Sl ' , and
coI [ negr 14 and rot a?;ad%gﬂ%%?&ﬁk&%_%é%@ggﬁgﬂgﬁ n;gn%heads

holggraphyopabildy with instantanpeus pliase shiftingopfics that iisura theaweof
. 0ni cs. d
ey il 56 0 00 5

ena
dirqga'%mdaimgltavmxﬁy irerorderfowmend timephass ahiad fingeg opti cs

by Ty e P SRR ST i

presstye anithegvafetisnefadei 5 withnbt vafary ddge BEID Trily! 8 QQF A8 et
s... The vacuum | oadi n

eal tine phase shifted fri .. or

sualfed ot Wi ErmBe, A G matoorsltJorging. o UcssimgApcdipuch as
presgifre Sii¥bing) tRS M stre St \RengVid i ardhf 6€a ﬁash%? dnfge
er's edge held firmy in a wafer nount attached to

. waf
mlc&%’é“’?/%ﬁﬁﬂﬁ @R ErBesd ﬂ}oflgﬁieﬁf&@@gMﬂW iygaiivegfeainres of the
embbEiRES] AAdiNBAANG Ihe i Br AfcroWive SE4kiRe 55:{ lfe;%h@ﬁj lo&h]l?rsﬂgés

stressing using an infrared lanp or-a anp, - an
the Water Hitgseaiakantenaticpeaseromprs o g sthalliaten tnidetehd iierot-siag

0 A ' nbodj went s .
s Ve 5 RS sl L SRR
defegts infhe wafen aid spvenls wafer defévés and veids i the forseofifw—induced

' .enent. _on mal | area to detect
amoritethe fen SRR YRR e 1R Rl PHTFR errpiPa Bt e
interfonaioe betwednters Solaent 43ty ame B peddubddefroth Getinhye Mearing hgad

Gan?cj@i]i‘glgagts in the.vvafgé) > and reveal s wafer defects an
IRECPRUCHHIERGOTRECR P ERTRRMET 2an veaprdingly, A systm
and 9EeT 8 pRRtided FatSeholsHidle hbndedtRR T thEe8: RIS Bubifon of a

ge erated by the
wafer before the wafer polishing and/or reclamation processes.

The turret head 24 includes imaging objectives and a heam expanding lens 51 for

measuring defects, surface topography, total thickness variation, and flatness of the wafer
sutface 5. The electronic subsystem includes a computer 25, a power supply, a frame

grabber for simultaneous and real time image acquisition, and an instantaneous phase

shifting assembly for implementing phase shifting with respect to quantitative fringe
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interference between two coherent |aser beans 3

produced fromthe i mage shearing head 6 and digital

i mage processing performed on the conputer 25.
AE@adiTIgrYy, a system and nethod i s provi ded PEGSG2004/000039
whol e field nondestructive inspection and eval uati on

of a wafer before the wafer polishing and/or

recl amati on processes The turret head 24 includes

i g obj e es an beanlex d|n | ens 51 for
angls uﬁ’%ﬁaaja%tﬁ gompg &gﬁ ?rd%ré?re@r%é;@ﬁé@gn
in ¥aube?d dstRingPrckifhtalyMeaRd (t)(f thE 'ﬂﬁg&ﬁﬁﬁ Eppaﬁdf'lfsfcﬁ% iRventie

el’ectroni c subsystém incl udes uter 25, a power

SySiefpyAny prq;efrswarﬁéwcgeaa@b@tﬂmedmﬂxonmetratrt@alﬁ@nanhel inveetive

fediFot (S B ol b Bnecidly BE RSB DARRRUT NG B |

wm%p&tbdtcr)gm/mpgmm |atmsS|avr&tW0rk,rtgdahe&1MD 202?28326220 o
5 IR JIE® dnbadroae st LonRip it bk e DuRbase: comun SR orm

5plﬁteg bs€mBly ApréRics Bealils 340 MRinfthate the @dfiRElwhRr éftRice 5. One of the
|ns ectl on appa tus of the inventive _system any

sidgy » lapps s etehed poogdo WPPPﬂéﬁbtﬂgd’éﬂ}céE‘ﬁ%m
procEsQMat %?éuﬂd'b\‘ ‘i‘dfbgéd’ﬁafenf SR £R oitfre LG sSY LA tﬁﬁijancrﬁale@e

connected to e inspection apparatus through hard
suriice-i Hlgjs difigr rptwre ahbaivater surace 3 dielps in measeningoand defeqatmgﬁeb-

s Bte ol B By OB S Sl
shosgigie Figuye 2is pdaplcd:te ithmainse ﬂletsmfadelotﬁ thie rveatfe Stmrﬂe dnifdrode
The e Pt 8 ieRieg 705 B whiE e e nplndn s B yitple head
7 (sthhﬁ'? immb%nkﬁﬂdmﬁgﬂtg@? fﬁscughAhegmtga @hee{ix;]g Raped maﬁﬁge
surr,ac | . | use | n re n e
sheariie ad 6 Camh et MHOhPISs RS PSRN Ie ViR cCoppbrised o g0 beam
splitfiglabd 9) tWB gBatick Mavapitbsd0tafe i 1,Red SidPmirfisé {P6R Welreat s
by a sp eckl e |nterferonetr|c t'echni ue. The doubl e

chara%rfeﬁflﬁ%@w&? crppges (B Figuredhee asesl ip thedarigntangoysphase
shifli né Wb emid?@ne%uﬁ{( ?&&rd%mtrga mf;ﬁlase%hfgm %?Eérkf PhdeRhree-

. The scattered light 8 reflected fromt enters
couplad deviest camie s cwills forieasmaple A0A8 wrﬁ@‘lﬂhplad capabflighowmcdnnected

o T O R 5218 i g B
vidddl speeal (8,81 25 %rgmesﬂbep lrflk ?ﬁp@@&gﬁz map mﬂbe&:(bthnﬁaﬂ efther after the
phafiR e S adgualion Brecess bV iRt RAIcH8 Setia pograpkisy

proczbiRE @ﬂn&fﬂiﬁﬂl@@ t&ewaﬁ%d@ﬂﬁaaﬁﬁ&ai §HeWA tHeMndmiitBrie 4) are
used in the instantaneous hase shifting head 7 to

Altegnatiyely casdew a3 guerchaige-goynhyst devics cameraicagibs dgeds py discassed

belofv\karﬁﬁﬁ 1€ charge- coupled device caneras, with, for
exanpl 2048 x 2048 pixel capability, are connect ed
t o The surfmg defornaation of thg Walea 5 dindér inspectivnicpribedire@dy potpined

by oggeln‘:ﬁﬂé pﬂgsc cﬂgng@ %@f%?e aqld%tft ﬂ M&ngqhgarafer 5 by the vacuum
stressing device 12, The phase images from these two different loading states of the
wafer are subtracted in real time by the computer 25, providing a phase change image

~ modulo 2 pi (wrapped phase) that can be displayed in real time on the monitor 26. Phase

unwrapping can then be carried out to remove the 2 pi phase jumps. After successful
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vi deo speed (e.g., 25 frames/sec). A w apped phase map
can be obtained either after the phase shifted fringe
acqui sition process or by using a dedicated digital

oD augr/afiazc  processor, which di splays the w BEPeG2004/000039
phase in real tinme on the nonitor 26. Alternatively,

as few as one charge-coupl ed device caneras can be

used, as discussed belowwth Figure 5. The surface

def or ma f the wafer 5 under inspection can be

UNFrIpETe) ﬂg‘ﬁt feriagicaniby aplicd forismgothing a9H sereovéneihy alfects of
loESR BotAlEltiAE Bxﬁfbeﬁﬁlhgﬁﬁt'hl@& el Faltdl Blco %éa A e s

stressing device 12 hase |rrages from t
displapsreqné pad stiodiehdjis yicatabls colitmum@ly owthe moajter %uhﬂmammﬁe

y the conputer 25, providing a phase
10éaﬁm&%%ﬂ‘Jj‘%@&tsbrmdul 0 2 pi (wapped phase) that can be

di s'ﬂ)‘heayelﬂr 5 monmied orf 4 vERL@A strd¥Singaeviés0r2 cia be Rit@s®and
ied out to renove the 2 pi

[ can then be ca
PREIRR IS b 3 Apte e Seige 13 8ad aiieqr SseGomesrrpbtsi o porform
serﬁmka%@e%ﬁ{s%%ﬁﬁn akt\OF BRaRE 5 ahd Ak R petfolth Riidl FElcIGRE

be applied for snoothing and renoving the effects of

varja§ien fuegsweenpniseR wholq area gy thaweferch dihsgositioning of the wafer is
furh®f RfjustabletRb AR EBP, %Bv&b?betaﬂﬁfzgr Re&e&ﬂ;e%;(ﬁgﬁ nt

and strain field s viewabl e conti nuously on
encygers menit@ ghe rotatipred pirdlipcaihce-orflivatas 0fdhsstegesaﬁgft\daé epsrating

O &Q %0]%@&?1{) %SSC{:IHE&%I ngg go ?O ﬁ %glélenc]lt gl% rg%ﬁ%lfa%g% or ECC?I;{]%ﬁV eﬁl‘éﬂ‘
of thd: stgpes I imnitle ewafet meamreﬁtcaig endﬂaspercﬁsxp e ct (Y eI Y, T‘. ot
area Q

perform serial ur )
iR b iede SORES ot aren i Glesiect i badiBeds v e i
sheil’egﬁpliyeﬁiﬁm ﬁolﬁgtaﬂ‘li'}ﬂb@mﬂjheﬁ addhotviién RRUAE 38 andBB. Figure 3A

itioning of 't waf er is further adjustable
sho % aeavgeyﬂ%gﬂfﬂ%%?sshwmg head Sdor élgftalkﬁh@arggaphxewb@mwe

utilZB e Mch@ébﬁ%@x’f&oﬂ@tﬁb Hﬁcqt)lg ‘é‘s !119 kRdating alviaond infb?@fence
co-ordinates of th ébl% Sof t war e” oper at i ng n the
takeg plagubetveeghe by la@raus dobjensbeashs mng:ﬁoméhqm@myle

mnfglr YL AL Bifedhirfdf $ERkLd ©ia @ez Tofeh cu%s&ufaﬁ 1§§] 98 Riroct

“during t er measur enent s and i nspec
obj mhlwg@ %eﬁwdﬂdgfrdne@d n@rreatd dnd theshehredolgedt beana @ reflected

i ear.o h and/
ﬁouﬁ@? raE }pﬁ ‘%EJGC#]I qu[ebgfeggge S %‘?’/\ﬂiﬁ % ‘J'Eé)’gy ?‘P&ﬁ'g%
head 7 .gl]leemﬂ)ﬁnt oftimage Shhau@rmmbgmmncdﬁy ﬂhﬁp@@o-slbemc Eragsducer

ea 6for digital ,shearo whi.ch can ilize
17 ﬂ'?'ﬂ PR LGS bt Rt Eﬂ% Fhaywy) spenegled iqbe comiputes
25. sheari ng device. The interference takes place between
thetvvolaterall shjfted object beans conming fromthe

mo{enoder ¢ bt s Mdiate FBidh Fefespncs 8156 12 Figere 2o
the Rirldt 87 SamHeSfahdihied ARG W' cAkfohd theifigl kedfife head

configuration to a digital holography or a digital speckle interferometer configuration. In
this embodiment, the object beam 19 reflected from mirror 16 at no the tilt position and a

reference beam 18 from the diode laser 1 passing through the fiber 20 and a collimator 21

(as shown in Figure 2) are made to interfere at the charge-coupled device cameras in the
instantancous phase shifting head 7. A filter 22 is used to reduce the intensity of the
reference beam 18.
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obj ect beam 27 reflected fromthe mrror 15 and the
sheared object beam 28 reflected fromthe mrror 16

will forman interference fringe at the instantaneous
pHa2e48TEI% i ng head 7. The anpunt of inmage sREEBGIG/000039
can be controlled by the piezo-electric transducer 17
through a piezo-electric transducer controller (not

shovvn) connected to the conmputer 25. In another
gure 3B, with reference al so

i me as shown in Fi
%F ‘ES]‘Q“’S aR HstapipReogs Pl?l?Se shifting interfesgaqinig S8R Mnear | y
acédl?datnf:@ﬂﬁﬁ e ERelpRiry E@Qﬁnﬁéﬁ?& ﬂn@&m’%%%r sﬁx‘PJbE lg@aftpbhPN to

gital speck

a digital hol og rgl?he or a di
Smif?ﬂeblﬂl? srfgedadecy |cgmbrat:a1 bwm 2%from mesmegﬂaib@amghepd 6 hre

dlrggéfﬁafoug éﬂrge Adn- eéoza‘r}fezﬁl be gggrl]ﬁ%ésr ﬂ, %ﬂﬁ%z ch BaF g%ogvlp

in ngpasls iThg ad\hmag@dlf dithchidg the thr&(bemndplatecﬂbgeﬂimﬁsmhaﬁhe effect
as shovvnlnF 2). .are de t |nt rfere th
of if Sp GG P bt oot Ee free Bran silieRatodibo dtence
errY8 dsetodhd divirb@ndnea difdct ard rbduck® T Dehis 29 Se@qk aQSeE‘ B3 bAegh the
sity of the reference beam 18,

th t
m%g %gﬁggw {pliters 80,5 4y oplitrintg dous baar%aﬁa’mf egpal
intdnBivy. Ar PRRE YR Q%ﬁ@rfé&héﬁg} RE thith ?Jgﬁfélﬂéﬁ? fs'tht tREL Mouldbe

accordance with an exerrp ary enb I mrent to neasure
thregeor aporasegupllicphagn shiftedyimagng so St the pbdss uius off theimeage can be

calELE 38 rar i A M M R 35D £
pieipelentric pbmatt)e whicB @rovates ﬂrcdmaezsaay phashéﬂemcesthwen thé
at t

ol bl e iRt 5y Brbeinil o e gt JSA e
phamhnﬂlﬁgllrmﬁﬁtanamebtm famlilmb{ ﬁbd:liﬁgcﬂf ﬁe@hﬁn@ihhtdthb fouk Bérﬁ& 33 are
ILtter ar nce errors ue tq the
et e Yt | biPRIGL g B 204 palSrzar
are §Rd Hethe PAOOGKHN thdWeans O Kok k9 'he foub s@mml éxiﬂn%rﬁm;%ﬁm

31, and 32, is split into four beans
threp ﬁ?’kﬂ%‘ﬁlﬂ%lﬂg =g saﬁfé@@% 3iLf and3g bave the saemecyt@ser @:%ene , B N
el nor e
betvfckfl elitB Bkl By fihses SRk helime bR Tl "VLF

of Théaphaserdifferencen obis fronmthe phiht@gth dlffexem\befweeﬁ (i (7] obﬁdws:el

f bj ect de _t
the i P it BEERRB e RRPImBt oRY e H R es sy
45" inBSIRafhl lfaﬁﬁff@ﬁﬁlel B@ﬂh\éﬁ@@s &ﬂ]ﬁwax&%ia%i%ﬁfbﬁear@i%@atedt by 45" ; and

measur enent beans. However in embodi nents of
the phasecbifferenspstilh mmainsec. Bydrieodubing  polgrizes 40 ast38n rsthe bessn

path 3F &l R SRR Bear 101 HOR S P lp P 3w e phase
diffefeHD bR 1800% of UBY fnfbd S AOSlaB U A AT G e bRAS

used in the paths of all the beans. ‘Accordingly, the
path phArm Beaphasashifeof 90 inpchicwed Yetngeen two polarization states and the

total phase shift after the quarter waveplate becomes 90 + o.. Then, by introducing the
polarizer 39 at 45", there is no additional phase shift; and the total phase shift is 90" + a.'
By introducing a quarter waveplate 41 at 45 in the beam path of Arm 4, a phase shift of
90’ is achieved between two polarization states; and the total phase shift after the quarter
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three non-pol ari zing beamsplitters 30, 31, and 32
have the sanme phase difference, a, between the two
pol ari zations, as they travel through the sane path
Ve GeH/072%2e phase difference, a, is fromthe parfG2004/600039
| ength difference between the object and the
reference beamin the interferonetric arrangenent. By
introducing a polarizer 39 at 45 in the beam path of
of |inear polarization are,rotated

Aqu 1, both %qgle ; L
wiePlas beceqnes 90 R e by dntrofusian e paieriaer 49 ik ndhers ismy
' I G ‘ar.j . B he beam path of
adgﬁ%ﬁgfz,ﬂggg Elﬂgorfgl?d()% afgf&%itoﬁ@ fﬁgsﬁé arllé?é FL;%Lﬁ are rotated
by ¥RBordinglyiteiphasploathe coslbint@€bencsan be sIafEbyliatretheits o8’
i nt.roducj %ia guarter waveplate 41 at 45 in the beam

depeidfesin e Fieptatign phias guaster Weveplateot] and theqelasipers 39 enduilen
THe \Masi® Mvafita 228 tB18 1y dF gﬁs@ﬂgﬂﬁlgfs thét%d%gs ﬁH?i’é?ﬁ;ﬁ Qﬁrgﬁa ving
pl + a. en, %y

after the gquarter wavepl ate beconmes 9
objetsy Mél@pﬁﬁglﬁ there igyen ambigeity i8 9hase shifiing a therimtensity bboth

1 BT S
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[ ntrodu ial% the, pol ari zer, 40 at 1350, there is an
thal B iz‘u‘ﬁ%‘ B g Sl but twgy bem are theygireor imagse af the pkerswo

beanidl fAls sk 1ottt pRsitifE SONELRSH:% CED ¢ mﬁ%?%ug 4, 'tEcameras
conbi ned beam can be shifted by increnents of 90
w9 the niprpeimpeesofcameren CEP 1 4nd 4q Far acshragyespimages

C

) . X
soglsC0D 20 40003 bRl R B B 08
santee [The &rvr ghargeronvipled devibg eanesas QUi t-idomanbe yligned by pixektono

pix{ 0ol 4 xRRAT S ol el o i deBle Rt ngos
W | An dersiesnbodimdnh sshown il Bgure Siwhefin drle@hrgcupléd device
oG B B LR i S e

setuplicfeadingly 4réflyaeduttd CYhedehbirRl baddh b9, wihafitrt e folkas ion
he, probability of erraors induced

hjft. , obabi, . :

stalGpleates U bp B et il s divaded inte beopptisal nathe &y 2 besmsplitist

34. A fuakiBEwHRAMAR 3 Fladddth bAd of tﬁ@ﬁv&?@ﬁc&ﬁ?% ai?err?hetﬁ}:?m spliter
eans. As seen fro

mrror images of the other two

34, pradugss die reqiired phase shift o iFbe besmdetying the qrasteFvgvapiatel3s hdse
' LET.QP 4.) es, of .caner as
tvo SRl eSs o ez iy budibBonhhE el ikl En R LR
cachQErand _isoboﬁxb?ied st tlme;hmxreqlr glﬁj&? bleeh @I[]the Waﬁp@iliftli& ?1 dwo
W I.N of the . e our arge-cou e .
spoc BB i e B fpst iy chabie soimita iy e passing
thro@iixthe pslestioh spliket 3B. tIBmthARv sKts ¥ tvio TR bhedet BREPT €

a hi degree of accuracy.
before, and one after stressing the wafer 5, the phase change due to stressing can be

calculated; and an unwrapped phase map can be presented in real time on the monitor 26
showing the presence of sub-surface defects in the wafer 5.
In another exemplary embodiment, the system can be used to measure total

thickness variation of the wafer surface 5. This embodiment tilizes a piezo-electric
12 o |



An al ternate enbodi nent is shown in Figure 5 wherein

one charge-coupl ed device canera 37 is utilized

i nstead of four caneras as shown in Figure 4. The size
VORME/ORYTY em setup is accordingly greatly r@0n862R04/000039
The conbi ned beam 29, with different polarization

states, |eaves the shearing head 6 and is divided into
two optical paths by a beamsplitter 34. A quarter
wavepl ate 35, .placed in one of the tw optic at hs
s o ohieerPe BT foutupor s & ploia it oeBeusd i Btyiee
hefphBddta &latpial radiilde the Saiter|sBdat 50 DuliBy i RidaSireeii Sdhate- 35

has_two conponents that are nutual I¥ ort hogonal | y
copplecidquics gamefp fir i8¢ insignigneoup phase shiliing hepd 7 is a8ad to measureihe

pehiSinRRARIBRcobddh 110GRR SAREL5 OBl ubSARBhepfle beam

splittér 36. Two spe patter mages are-forned at
mepgreeném,ihferotrnygitgedl 3¢l the lipear stapet4 aBirthe frioxablp bl Bgre

wulp B8 by ROl BB 8 Vb el Berdiel titGraa o
scanfitdefirors fts esmteir bgitd mﬁer\&ageacron&n_tﬁdmy peqse inttsralg ¢sed Fipnted?) to
R R T R R A

coip\aH 23 @ alchiete Pl SRMGBicRlesSHiRm TyaeRoHak eabSE dudtd thetilt in
wafer 5. |.n anot her exenplary enbodi nent, the system

thegataryid and bpear &4 prages il theingut framythe persaspording age sAcagers.

t hepmWabitr cﬁiﬁbﬁﬁ%ﬁ%gs shb@nsn f[g%{%qil AR R stbth ichi edfor
pi ezo-electric 12 WO 2004 2629 / SG2004/ 000039

mepsuging b etmessof thepobigied svafey surfasn 5. Ap athrametiodoublet lens 42
- o : c ) :
with 8 efi B GG 1B shRefBPS AL B L A Cinecl LU 2 R o
of thewsilier mmei®3. Thckas 4&placd phadhdesfecariaent will collimiie the
| pst ant.anequs phas P fti 7 i d asur e
rayt i IR 3, Qoo o1 b 7 oo iiiienl &4 PR 000
waitc suﬂawi\gm ;Iakﬂh{b_uglﬁ &e@atheiegbinf iﬂ{EﬂgH M&ﬂiﬂ]ﬁh beahibl l@ﬂédﬁgllﬂi‘t)m
st.age , t i near sta ,.and the noyabl e tabl e
the S56Xce Ttron Lrtgianeed) 9 fﬁwﬁﬁw&aﬁf@a%%@g% sifhe elHgecEanelbd 5
devie eaterbd i@ thedGstintHiR6hs phhREshiBhEsysRm. The SERNREFiIl dvaliudelife
center to its outer edge concentrically at equal

flatgess aydpagssnt therssults 9g the monitopalopgwith feo dilensian s three

dim¥RidmabpBRALANR! the entire wafer surface 5 and the
software of the conputer 25 calculates the total

t hile rapsies embedimentothe Systene eambie vgeddp mmasurel sigface taphgraphyl of

e Bl A0 L AL BIARS et
use efdnodjectint lensadl is lfoinrretrhedd Zhtoallow tlicmwlisystdbeaaein phe
waf er

used .for asuri the f.latness of th ol i she
throl i 15 off 08 i e Su b paecee e 5 B piHetond ear
piezépRiiridienaiicd] Thid ié hed dramsabengWic foligh Wk efirfiveio$ the wafer
concenirically fitted at ,the to of  t he waf er nount

5 by pyertigglscpiging interisrenesigeiaque. This cophp@imegi oS Jation | |
obje6iiel 160¥BS £ (B8 changed easily to accommodate different fields of view on the
measuring surface. This avoids use of costly interference microscope objective lenses
needed to be mounted on the turret head 24 to change the field of view as is done with

commercial optical profilers. The wafer surface 5 can also be adjusted vertically by

moving the table 23.
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rays fromthe | ens 51, positioned at the turret head

24. The reflected light 44 fromthe wafer surface

wi |l pass through the sane lens and interfere with the
PeQaoneT262ct ed from the reference mrror 16 PEI/EEI084/000039
2) to formthe interference fringe at the

char ge-coupl ed device caneras in the instantaneous

phase shifting system The software will evaluate the

fl athess. an esent the results th ni.t or al o

e R e
befuggdli6 awatuaé suefabe rolFhneRaif Rafer BadkgHhd®ittaces! Backpyiatiapiscan

be uga@[d .to neasure surface topography of . the, waf e({k by

Proshssdbat ding 3 FRfGT 2By povmah fhIdEsRA? ARYOTFIOLHE BFTive PRGFagIng
rec{uﬁ'gﬂ%tg S, ohithéo 22 o Gr %%@ﬂ%gl RchtiohS rdr SRSt erdd Shd

turret head t ow t I mated beamto
hapbisdd davines amgheading tedremd farnhinger phekapesfapd conaspendingly thiiner

bj i | 51 | .ed i - el i
et S e Syeratl Rocess af SackBigs ot e Bate P Bt B Pt Sefamn
dicfiigfahd @ckagmg.h?ha/ﬁfa@rss isbo %d&wﬁgﬁgﬁ &iate?ﬁﬁéﬂuﬂll | h& Backside of the
nge erence e ni e. | e odal n a OWS Vvaril Qus
M ISR ; A afity

Wi 0@1@%@%5%3@;})%@60 ensure qu.
coxﬁ&??ﬁ’?%ﬂ@ﬁ;ﬁpﬁﬁr&&@s{e@ Mhef 2 A8ride i AWeR s wilsA flirhRds

sur hi s avoi ds use of costly interference

afteribackgsindips Anyaters; that iy tep smeoth geiogsenshovil e gengidered ophof

_ ) : o :
speaioll PucREA, S8 o0 RE G i Piffao YR, &
beingatictoandisura surfdcs couighneasijtsevesal lacatietisealthewifer is nsefitlng

| 04/.0726 P 0
S e
messoreimeatdf rowghiness gfieackguindshidacekeInchded featurs asuhecaioilat e

aud R By Yoo TP LR fere K7 bodkbond

wafbRI56 K RRSSmintbePAELRTPHAE For WaFdr @tk MPEIodGp4il resolution
[ on the order_ of 12 mls or 300

. ,requirenments ﬁe.ggl. | : ] ]
independenpofihc scap jeagd; Perdimensional and fhregdimensional meapyyement

capsEiity CAR 18fafordal AiRl ald \RrtidaPABiSPéonkbl JTIRS wiBGHAYRRnENd
cor i espondi nglé thinner wafers 5. The overall process
IS

Figwse 7shektm axgmplgriarnitemne! ag ard Bea ssansdor ¢yvalugkingthe surface

r e | T ' i.nd
roufie o a watér (buTHIEy PRREAM hflesy WBRIE relnbns el
perRodighincto s rading ofdhe wafer 5. hidoub exempliry diangaibs.cmebsredd — 4, are

1. 1p ant _to re quality.. control r
shoiab il oE R Gtk bl Bt OB oo
welllas lagyrameieis pathf.t er backgrinding. A wafer 5 that is too
be consi dered out of

oth or. too rough will .
o pRigUFe RShORE Ao Rt of o Hafer oupiaccmmAr O A PGt strosging
devist!r OREPmEBEE NES 5 themaPREHRNSr mBRwab&) (A ba Milezeti ithin

nmeasur e surface roughness at several |ocatjons on the
embgdimentsiof thedrypgetion system to apply stress to the wafer 5 while holding the

B

wafer 5 securely. The mount shown in Figure 8 includes a vacuum chuck 45 with a
chamber fitted with a flange with pipe sockets 46 and 47 for connection to a vacuum
pump (not shown) and a venting valve {not shown), respectively. The flange with pipe

socket 46 is also connected to a vacuum gauge 48 and a controller for controlling the
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Enbodi nents of the inspection systemfacilitate a

fast, optical -based systemfor the neasurenent of
roughness of backgrind surfaces. Included features are
W 2éAT262 | ed automatic focus by the pi ezo- BCBEGHR4000039
transducer for scanning across very thin backgrind

wafers 5; a | arge nunber of data points per wafer scan
for good spatial resolution independent of the scan

: <qi i | d th zdi I, | .
Rt B L "

clangpet] wdthla ciroitigiiate 60 to gakveaf anyliizid®dde imdbion GLINE Mafer 5.
ows an exenpl attern of |ine_and area

Figure 7 i}g iary ﬁ ,

sca g“_fco%s’ Wﬁf‘%?ﬁw&'w Wares frermapon PTB%WB@?S Reflagatips isp
reﬂr@éc‘séﬂy%(t@&n@logﬁ‘ 6K EtjdcR WHEQE Biting WG TRIMRafiGA SAY BETRSEE

are taken perpendicular to aradius of the wafer 5.
abqgy the &G@mcgwgtgrss @zerpsphasrooniion ap GesEuvaters durieg the  shown;

_ [ef are possible within

Se@%%’?%ﬂ%‘!t@e(;%fa%ﬁ%gﬁéiﬁyé?g?h&g% wel |l as asymetric

pat RignreA0gllusaai8s thi dnbing ngpevticene siticomwatafse stopslOb and 118
. [.ncorpor at.i a_ yacuum stressin device. O h
in seioRnfiIctd iitais P pcrpince B Exsribjery o iimgisy Lhe systgmsan
be tietlltd @ttt wibtdakface defdendh pRMESesD bt stdpel0b Befearthé Wafes Ebiicdlion

to apPIg ess to.the wafer.5 while holdlni;the
proger St e Fe after th eRbHSed WHOWHCEhandiah bier L hefRer thtes
wafdr MORHHAMCIYEHKsed I st BF BelanRBMRRIustrel befoMisicl. Phid dy3Rge

Wi th pipe sockets 46 and 47 for connection to a vacuum
canglsbe ppeskto insBeah yaten snrfecy avalibnpararegtere fqrisach chivaoiatistics as
Cuel _ N . ; <o
B R RS e e G

subgagnent & the slipingef thelingWOat20p4100 7 282 HadETieSEROR4 OIS
.o r ' l.aced o he. vacuum chuck .
ins bR fepg 108 T ¥ oo oplholG St bl ARAPA G i
or digposalil ar plate 50 to prevent any rigid body notion of

th er .5 FiLgure 9 sho n exenpl ary waf er
- o el p Eticon RS Tadifls St oot et Oh the wafers 5.
ShefirepiapieRdalidhése dbfRerk 69 Yrafslating R detdt-h @I StrilH Chitntrations
er . fabrication. As discussed, abqve, the rec]ained

. wafer S . ) .
into,Anerplies 1 the fiingg palierpp i pisal dsiteot indicationgiepiried i drmgg) t he
patt&RneRNS ball Qey e Nbis ARARESGaHEdsN bt PEER TR ity Tchallge s

10 illustrates the in-line inspection of silicCon
and fgines discentingite pRomeef thase anonmalies eandwerspadin diiecliripge pattern of a -
: rs S.
pif BB T e SRR TR, 1A YELERR M FPERRRPAC
wafgrs, thapingepaticrns shove tings of equabettenfeldnk denvatives dfdizplacandéndn

e S 106 _(i.e. after the ingot sliced
tronloRG 8 B ool Pty Bros® blebrel ol iy AR plor
discortinhayred friagespTheesde ard Bpdtitive, 20 tHeaedhaigat candifferentiate the
goo& Qrg ersstf{cln;? 3cfgcrtivg -wrw(z)i%e(ress bsc(%gré tl;lx-ehvlvasfersx%agn%g%on/fabricaﬁon processes.

In reclamation industries, a general rule is that a sub-surface defect at depth of

_ approximately 15 um and a defect of more than 10 pm in diameter are considered to
éonstitute a defective wafer. To visualize the micro sub-surface defects and for
quantitative analysis, a small area on wafer is imaged using a macro focus zoom lens 51
adopting the phase shifting method. A defect size of about 10 wm and larger can be

15



can al so be used to inspect wafer surface quality
paraneters for such characteristics as roughness,
flatness, and total thickness variation before or

Vo ap4gry2%f the processes subsequent to theP€T/SGLNE000039
of the ingots at step 104. Any bad wafer rejected from
the inspections at steps 106 and 118 can be routed to

a recycle bin for subsequent processing or disposal.

e s B0 Fphalifnt R B apilodS/sh e dBaiRy mpalual <
wATBIESEE Figiir€ TLA hit\betil RAStopbolRBing ?&v&?%?@?rejséﬂiﬁ SLhbSduffaéd

oncentrations, into anomalies in ringe patterns.
de%?}ﬁi er the pelishing ncess: the wetcaass Bspagted wsing fhg tencor
indiRikdei 0Fsu A dbfiks. Al héﬁct%@%bta‘ﬂ%ﬁ lﬁg e ?%Uéﬁustrument
changes; an

changes; abr upt fsrl nge densrty rrnge
ondinglpmtishingistoys iScigere A2 defectpartaies mairé than 2606 ine irsdismetemn

the fr.inge ter f a typical defective wafer, as
e Aes SRS B ShiEaS it BinS s of ipparclet o hepgfeds B
thowedrds sf michenetdré.nge patterns show | i nes of equal

out -of -pl ane derivatives of displacement fromloading
E&@@&MS?W%W chagastesization of suidise gplects pmA glisonywater.

ExErHﬁlﬂx?teﬁfb%dﬁﬁﬁ{s ‘Sf the %s@%&iﬁh isfb’tgniﬁ] Yante u éd 098k £df\Fafer surface

results are repetiti and the techni que can

quaity gnshdsfacisgheragterizatioqo ob thieg-dmensiemshregrssantation of thefserface

oo 395 9 B, ARSI R 45 AP
deptly land shaperofdetiefse Ghe defectepn i wipolishep (leppied v afeysutfacgpsrare

ct. of nore .t.h 10 in.di angter are.,
ondi¥eafy ST Rt oos oyl ity BN SV ke o cp o
a dapitls ofdbbate205 e, 29 shown soPigates 138 endiESE Cithe daiebtdrO6f the defects
area on wafer is imged

uan itzil ive analysis, a small

canfafi o T 55 o IRRAcpbiadisbine of e daissip g onties WHESS
chaflh) b\ ORk Bl iorro R Rn S00Se Olandadin BhBE LA
polishing.| Theylefeststoadhappliskadovifersntfacegie irlspular{opetiptical) in shape

' . ' f [ 11A
at (A and Bpe I (ot 00 bI-BRTEL U0 Ehids Bl 3 s -
shown :’n EigukesitiD. mmg&'mermgtd&fmmlw@&ﬁnpgamwm,to5 R

waf er was, i nspect e i t KLA tenor i nstrunent

at e Spriace 48 SHowT R F B0FesL BT HEbleck ops W&ﬁuﬁwéﬁwyp Pyifgeters
of diliodn WaiReE dirh$ vatFE Réclandtioh iphitkssBO Th&b idWconiavyable Aecrease

. JFigure 12 defect particles nore than 2000 pmin
in the;skzeapd depth affletegts i the silicgr ater fromythe lapping focthe §nepgiishing
roChEy. A ds
G e e R G T

decrggse seliabiliteandataspfagtugng mieki dfisemiconduictor devisenpl ary
enbodi nents of the inspection systemcan be used to
check Tahie halfuefacesiopdgramhy parameters of processed Si-wafers
(Measurement area: 225.7 x 296.7 pum)

Si. | Parameters/ R, Rq R, R Defect Defect

No | Processes (nm) | (nm) { (nm) | (nm) | Diameter (um) | Depth(nm)

1 | Lapping 1.92 | 6.31 | 221.1 | 2965 10-15pum 200
12 | Etching 144 | 1.99 { 44.61 | 67.09 5-10 pm 50

3 | Stock polishing | 1.10 | 1.32 | 8.10 | 11.84 2-8 pm 10

4 | Fine Polishing | 0.85 [ 1.08 | 7.94 | 853 1-5 pm 5
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qual ity and defects characterization. A

t hr ee-di nensi onal representation of the surface

t opography di spl ayed by exenpl ary enbodi ments provides

AV PW4P726Hdi cati on of size, depth, and shapePET/SG2004/600039
defects. The defects on an unpolished (| apped) wafer
surface 5 are often alnost circular (or rectangul ar)

in shape at the surface and taper down |like a cup to

dept f. ab 205 h 1
S s 18% fatiof AEiHp SR ind it B Sbrece delbet patge n Shb e ers
cad Potibe r%ﬁe@BﬁIa@er@iﬁtaﬁﬁ@ﬁ@gr@ﬁh toh ﬁoﬁgfaﬁﬂf SohenéoshsOBr t he

wafers change as the wafer fabrication/reclamation

lmﬂfaae@éé ﬂ@ﬁ‘éﬂ’Y@J@Eg‘h Pbtke laaprishtsontses Eremplygiermbrdimgnts vhike
tfoﬁ% téﬂilcén*lﬁ§£ﬁ&dn§ Rid d&f@&@& lﬁmcie% %fth@ Gfatdr gﬁr?&lé LA at the

or el |p|ca |nsape e surrace an

wrb-fuirfece leweli 31 a¢ systcnp;tﬂlam plla$e shijting Hapy tigisdt shé}lmgralﬁy or
e { a0 oot i P BRutth, PR Ol &

m(m&,lpo;\md:m e aush they r?rertrdisxgime thi@igh n?z'ﬁb |t3|qJe§- oﬁﬁla\ﬂfialtul‘i& low

surface ar anet er.s sjl.icon wafers

sbsfiofig 1Ry Satec Rttt rufh 5 egroundien Bhobiore epedesures cause
X-6p8ibe @ iddFhiQo s 6 ifgREringl the fn{éﬁlaﬁétﬁﬁhﬁé%r@‘é‘ﬁt:@ iPdn ob{ect

defects.in the silicon wafer fromthe |apping to the

inchuding asticos Wafey Figuigdé showsigsghspeatic diagrasp o emplagye
emBTRhé R ﬁtlﬂﬁfl?ﬂlﬁy ﬁiftécrﬁi:&n dllﬂe Thé ?@g? S%Mhﬁq@g that there

decrease refliabil manu ng yi e
is nQ@mdcf@hmdredepn exsloadmgzist@smg t8e1pbjactdo botesigd. dbhy

ins AR b5 o ne AR e X B R AR e 6™
ThiPpliase variabion Breaused by the(spatial 'éam&)lm( ofithe felﬁﬂﬁ'):tl\tal indetof the (wafer
56185 Rifiiy sl S 20magh ok e goishve i iy Sgevuioaciy ples o
rayspollshlng 1.10 1.32 8.10 11.84 2-8 m10 4 Fine
ldaisﬂﬁ Oa%%w%s%gﬁﬂh&gwg@ggﬁwﬁémﬁéwﬂwewd X-ray
bealﬁétspafélp&ﬁmbmlﬂ etk uﬁ:&éﬁn@d&ﬁ;@ﬁg] @ Wakdr 5821hd GoRamBare

S|I|con waf ers can not be revealed by laser digital

supespessd et inisHyresitehibey e Appepidgdohoupt tadeterferpmeter. The main
partlid & hﬁhblﬂﬁﬁal fr&rﬁ% s ﬁbl@&%fmﬂ%wﬁx%eofl Erajlél pattes 53.

sour ce. lary e dlnen ts o pec
Theﬂasqséﬁwatmt Hetuele én erientation that e plane wxﬁlceqaa?rtha mlatesmare

L R
spacsimtv@n dphpaired plates 53) gﬁmmeamﬁoth@kﬂs Sise thé distafides har d
between ﬁr\ﬁwo-palred p?g)c'ees are smaG]J %1% o inte enng)i)eamg travei a61most along the
same path. The X-ray beam 54 produced from an X-ray source 64 incident on the first
plate 55 at the Bragg angle is divided into transmitted and diffracted rays. Both beams 51
are transmitted throngh the wafer 56 to be measured and diffracted by the third 57 and
fourth 58 plates. The two diffracted beams are superposed and interfere and seen by the

X-ray charge-coupled device camera 59. The other two beams are blocked by the
aperture 60 placed in front of the camera 59. The interfered beams show intensity

variation due to the phase difference between the sheared beams. To measure the phase
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nore powerful because they are transmtted through
many types of material with |ow absorption, and they
travel straight even at the boundary of objects. These
eaeeeReause X-rays to be a useful tool foOPCT/SG2004/000039
i nspecting the internal structures or defects in an
object, including a silicon wafer. Figure 14 shows a
schemati ¢ di agram of an exenplary enbodi nent
t|||2|n X-ray interfe onetry The advant age, of thls
eierenes; e Bhase S| el s be Jgodor SLRoHBH o Sk i = wede
I 61 toﬁdtﬂﬁg%lahgﬁ@k Ekgfn%ﬁtﬁﬁe%héﬁlaEJ%lﬁaé fiefholi.&aR be adopted
sted. The  inspection is based phase
as\dsmsaqd abAve fTodotesy he spfmal nhammtucm augvafeerlﬁé cambeciransigted
in} 30y BRARG {RfLRLH 1 O US Tl SL PRy R BBy conlie,
sta)¥e ngiysa co“ﬁhpﬂergﬁZweﬂnemed Itmthg eomputér68. Tht paiphtifinen ihe denterd o

is B SR b S 35 B Phage car B Drpepstba e e P ssEng

soDéwiray ThdystasesdifidreAdetbev el det fysa S chubaity th@sﬁahﬁ%ﬂhﬁ(ﬁﬁﬂ* the
t hrough the wafer 56, The two beans are Egr posed

refictive Ingea 7 Bleavalsn sy TthH%She sibcSUe gk AR e Bats oF u‘glfprﬁﬁ gan
be k¥t & BEBloBlior s?s‘h@ alBbelpt iRBhst F'cﬁan%h‘ hoim%g{pw.:a d ¥

froma silicon block 52 ‘consisting of two p e
reffgeiitedndes glistributien ploag the %68 yatkscut in such an

ori

O A BRSSP
desgiilfeidy mmll be ar@matealsbysthmmkﬂleﬂ inhhae drt @uwaangEh Blay w amdam

el RSB i B R iR R o e P e

scopé aft velsicieis defimedlih thetabpexﬂwclhiﬁisenﬂ theirrguivgasns travel
al nost along the sane path. The X-ray beam 54
produced froman X-ray source 64 incident on the first
plate 55 at the Bragg angle is divided into
transmtted and diffracted rays. Both beans 51 are
transmtted through the wafer 56 to be neasured and
diffracted by the third 57 and fourth 58 plates. The
two diffracted beans are superposed and interfere and
seen by the X-ray charge-coupl ed device canera 59.
The ot her two beans are bl ocked by the aperture 60
placed in front of the canera 59. The interfered beamns
show intensity variation due to the phase difference
bet ween the sheared beans. To neasure the phase 17 WO
2004/ 072629 PCT/ SG2004/ 000039 difference, the phase
shift nethod can be introduced. To obtain a phase
shift, a wedge plate 61, or rotating polariser or an
i nst ant aneous phase shifting nethod, can be adopted
as di scussed above. To detect the spatial phase
variation, the wafer 56 can be translated in x and y
direction, perpendicular to the X-ray beans 51 with a
conmputer controlled
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stage using a controller 62 connected to the conputer
63. The output fromthe canera 59 -is fed into
conputer 63, and the inage can be processed usPﬁ@‘/SGf:‘Z004/000039
i mage processing software. The phase di f Recededel7 September 2004
between the rays is caused by the spatial variation of
the refractive, index in the wafer 56. Thus.the
sub- surface nano-defects of the wafer 56 can be
Cr.emagl ed on the nonitor -65 as an abrupt intensity
change from an abrupt change of refractive index
distribution al ong the X-ray paths. Al though preferred
v@gg fis. of the present invention have been shown -
an escrlbed it will be appreciated by those
skllled in the art that changes may. be nade in these

Spl r%gtﬁ&fﬁw t h gé?fsﬁ%%&scogﬁé : \%: gﬁl Plse and
IS o e e e
mt&f%ﬁ%ﬁ%ﬁ%ﬁﬂgﬁﬁ% I's: 1. A net hgd ‘fior ‘i nspec;i@&?m
suc&ap dgiqxhidy, ertitaityssy &
o o m 4 . fat:nmmjly at migsaadj ust égl'e
wg? %ﬁ?‘gﬁ%\%‘@e ‘?"i fbg 5%"&8 g‘eﬁ’ét ; positioning

t he ﬂhai:mhngmhe‘mmmlmmamow rdoed Myl beaps, abetein a reflected

ertlc such that t.he u face |s F ocat ed
4 Sy ﬁ%éﬁ?”%‘ﬁ t\é\ﬁl%’é’tﬁ ™l uni nat i ng

-t hes&tmmgmdmnwemftw w:ifextﬁmetnwnmf&ml w@httolﬂamm edge of the

f d b f '
oo ietalid ot S5 FumV R et R Tt YR AR pe ente

wadersteboe; of the wafer fromcenter of the wafer to t he

i ol €edlocel A RaniBIGR ) hfftrsbed B Sppined beam

aceding o optindl dnteferpdhairye; shear i ng the reflected i mage

oo b, 8% bl KT IRPCFhEF S, PRRE spmivine

InstapitinbE@hie shifing lﬂtef'f&trbtuenjn &Sﬂ:e stmbihetibdamanms by

appI%qlé“nI . nst a%téegfe %@%ﬂ%ﬁﬁq%ﬁ [ ntg%erorreu{gh

m@lﬁﬂgwﬁfcﬁﬁm&eﬁqrﬁmdhdagw;mndtl ng a wapped phase
of thelawaf file co b °%&he p%ecguflarsgqnabgg mdmt(aypgnmcaung the locatmn '
of any defects on the wafer.

2. The method accordin_g to claim 1, wherein stress the wafer is accomplished by
application of vacuum, pressure, microwaves, or temperature to the wafer.

-3 The method according to claim 1, further comprising:
o caleulating the total thickness variation of the wafer, including removing errors .
from any tilt in placement of the wafer.

4, The method according to claim 1, wherein the light beams are two laser heams,
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5.

di spl ayi ng the conputed w apped phase nap on a

nmonitor; indicating the [ocation of any defects

the wafer. 2. The method according to claim1, PGS GE3004/000039
stress the wafer is acconplished by appl Reegivagnl 7o¥eptember 2004
vacuum pressure, mcrowaves, ‘or tenperature to the

waf er. 3. The nethod according to claim1, flu tber
conprising: calculating the total .thickness variation

of the wafer, including renmoving errors fromany tilt

in placement of _the fer. 4. The nethod according to
cl ailh¥ Retiphecerrding e ofa iy Wheshehamethohst Pﬁ%ﬂ@i %%E%ﬁ@?ﬁfy

dro shidetilerbH ke inaBl béani RACKLOPROR 3 lisRReRANE dpdokle shearing
?SSeptenber 2004 5.a°The nmet hod according to gl ai mel,

ingerpaptay, t diitaleshpeagephys stigiah spackle cinteclrometty, vertiep] sgamming .

in

e e A e T T

6.

shearography, digital speckle interferonetry,.vertical

o ottt Ptod bR Ei8 BBk ¥, wE SR Lol LRAIR spt,nto oo

bewps eidhimages,, thetimagisrepiesentingiitieneafeh befonei andsafier tstréssing, and

o R0 e R i RSB °00 TR L0

7.

unw apped phase map is conputed and di splayed. 7. The

i NG Laim1, .. 2 n. i.spl d
rap 1o paaed R’y Ly utinE Bt Ahliet Hep B, ugece

andfaf subsvrfBce ddfoctomi thedvafgcording to claiml1, including

8.

di splaying wafer quality information of surface

roughness, wafer flatness, and/or wafer total
t hi Thmsthod accoading tn cifim 1) ischadisgdifpltying splc fadiy dformation

or S AR e SRR e TR Gl o o

5.

illumnating the secured wafer with two or -nore beans,
wherein a. reflected. image pbeamfromthe wafer is

creﬁ%[W;W?q%&m?%W%ﬁqu%ge shearing head
f or aveguarsticssing deeloe senrifig & Alleonowafaiinaandaggm from t he

e o Tl SueRes B AP RS Pne e et RS o

reflented ithayerbeph fen G ivalke G heddEiod thedlhphivbtitg;

e AR AP ST L ALY S OTELFed B o e

teflected image beam according to optical interferometry;

a phase shifting head splitting the combined beam into four phase shifted beams

by applying instantaneous phasc shifting interferometry to the combined beam;

cameras acqmrmg images of the four phase shifted beams;
a processor computing a wrapped phase map of the wafer from the acquired

images; and

a mouitor displaying the computed \mpred phase map, indicating the location of

any defects on the wafer,

whercin the phase shifting head comprises three beam splifters aitached together.
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canmeras acquiring i mges of the four phase shifted
beans; a processor conputing a w apped phase map of
the wafer fromthe acquired images; and a noniPCdy¥SG2004/000039
. di splaying the conputed w apped phase napReceivkdkl Sepgermber 2004
the |l ocation of any defects on the wafer, wherein the
phase drifting head conprises three beamsplitters
- attached together. 20 AM Nt D Sri PCT/ SG004/ 000039
10ReC &by 8ticn 2coB iR B Haid 3D dherdfR- the Purdii SrE3ng Qetibslbad Gipply
to claim9, wherein the vacuum stressing device can
strags P has wates, by tracanh of wasua, [pjessvies eicrewayese O Rmperature to the
waRiessure, mnicrowaves, or tenperature to the wafer.
1f. The system according to claim9, including notion
controllers to control adjustnent of-the wafer nount

o MRkt eccoRhRl By oyl B i Bl MAEDERS o qontd
e
sufjos S8R bt i Bl o et ¥ B et a8 gy Vi Ry
at tqual dteridath me2surcl Befecty 8h Armrall eidatsfMte etire lvaifen sirface using
imvvhrrei h sli%&aces of the wafer are profiled by a

NI oug
%?pggfms%utém i nterference techni que by scanning
" the wafer vertically dowmmward -so that each point on

t he fer surface produges, an interference. signal an
T R e A e L
byeazpﬁhalf_ esduﬁ;mgs mammeh ﬁbch;ﬁqxﬁaiy%mﬂngd_ infigg {he! w&&ﬁl _ eemg l?aﬂlygi&m bmwrard

rofile. .13. e system accqrding.to claim.9, ei n .
s0 B8 cach ot by e P SRS PO P FRI sy Sigish ML HRes of
mmeygmewnm@@wWE@Wme
heig%tﬁtr?hﬁ waf er and continuously neasuring of the |ens

Bn to determ ne height and total thickness
variations of the surface of.the wafer. 14. The system

accqarding to claim13, erein _a piezo-electric .

By rahk FeSeihado tisim iy i e By 4 VSR piyled by 2
corfoell Seditiqul ebys UodBEQ A ophe Al Slto the - suffRs Bf theWafer and
according to,claim 9, wherein the image shearing_head
conBHioRelY, dleastiing of die lis POBAA Kprirtemipe Brighiend DR

vaiitiohiosf thofur®bear hb 9atche conbi ned beam accordi ng

14.  The system according to claim 13, wherein a piezo-electric transducer is used to
move the objective lens to focus on the surface of the wafer.

- 15.  The system according o claim 9, wherein the image shearing head comprises at
least ong beam splitter and at least one mirror for shearing the combined beam according
to a digital shearography technique.

16.  The system according to claim 9, wherein the phase shifting head comprises
optics and charge-coupled device cameras for simultaneous phase shifting to generatc
four real time phase shifted fringe patterns characteristic of defect induced anomalies.
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to a digital shearogtaphy technique, 16. The system
according to claim9, wherein the phase shittin
conprises optics and charge-coupl ed device ca

11§35004/000039

for sinmultaneous phase shifting to gener aRegceiveshi7 $epfpmber 2004

ti me phase shitted hinge patterns characteristic of
def ect induced anomalies. 21 UUJENOE(r) SHEET

PCT/ SG2004/ 000039 Received 17 Septenber 2004 |T The’
system according-to claim9, including a turret head
with a |nterch?£@eable Iens selected froma |ist

17; < fEret head i ipcrchangedble

i ncl

lenRRASHELHBN 2 He? inclHRgCan! lﬁagn%w&@ RIS HAR walktP 8% fuRigent, a

serjal automatic neasurene on very small areas wth
mBmOglic@famtb mmeﬂ s fqreﬁcn#maha Easrpnent @o fepc urallbareas

wit! tﬁ \eﬁw’dﬂe I mage s%e Hﬁ’\(lﬁt%& %JEC&VE

accordl ng to claim 9 aring head
lengnd the phase shifting head are contained in a unit

separate fromthe vacuum stressing device to avoid

vibration 19. A nethod for detectjng defects in a'

185 | Thowysizaf accordingipclaimn Sgwhereiothe mgssbaangg bheadiang therphase
shiffe et Wdoftabheh 3o 03 Elpolch, SRHI okl SedRliR eyicn o avold

vibgitige. of the wafer by two coherent |aser beans t hr ough
pol ari zation maintaining fibers;. generating a fringe
pattern characteristic of defect-induced anonmaliées in

194 heAwpstiend fof deteting defecte int dwilinog wadkrgédnagirisigigear ogr aphy

R A R A ke ea i s S

aﬁ@hs%ﬂoaoenmdmm&m respect to an image sheari ng

o r%‘lﬁ?]]hel%ﬁg%f ore an%fwgf %a&%ﬁs %ft&gd&ﬁ%ﬁ*

obt vacuum st ressi ng he vva
polpaization graingaiving ifitvexss aneousl y generating in real ti rre

andi m?*.‘*ééggy“’%tﬁﬁe%g‘a%%ﬁg%ﬁ ot R e vt
1ealizastiough digitalhea gy mﬁmmmeéus@aéershm gyt By:ns
t 0 generﬁ&%m%fﬁagﬁfﬁgﬁmn%d aslvc of & of e%plane displacement
with respect to am image shearing directios; .
subtracting phase shifted spéckle pattems obtained before and afier
vacuu stressing the wafer loading; and
simultaneously generating in real time four phase shifted fringe patterns
with defect anomalies by an instantaneous phase shifting head;
processing the generated phase shifted i‘nnge patterns to generate a phase map
image of the wafer;

tough

converting the phase map image to an unwrapped phase image shomg the wafer
defects; _

generating wafer defect statistics, depths, and locations; and

displaying the defects and statistics in a phasc contour map and threc dimension

unagc on a monitor,
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25.

converting the phase map i mage to an unw apped phase

. i mage showi ng the wafer defects; generating wafer

defect statistics, depths, and | ocations; and PCT/5G2004/000039
di spl ayi ng the defects and statistics in &Reptivesl? September 2004
contour map and three dinension inmge on a nonitor,

22 AMVENDED Slinms PCT/ SG2004/ 000039 Received 17

Sept enber 2004 wherein wafer surface and/or

SUD - G2 Gared Shafia deS &ﬁsﬁfﬂ&%s?&fs%@ dateWRA Hefore a_wafer
fabrication processor waf er reclamation process. 20.
Tatificatioe piveess aawalidr wglamau«anmmg wher ei n each def ect

can be characterized by one or nore o the position of

the defect in the wafer, the shape of the defect, and

2@ he Thsimehaifactérdingeb ebim 12,‘Lwhé[ha caaht dedickt sachy dlar@temsd by

o o5 A sl 1o e By P RS UM LAEA, ond e

sizgrafdesdfewt a waf er recl amati on process. 22. A wethod
for nmeasuring surface roughness of a sili.con wafer,
conprising: directing a coherent |aser beamfroma

21di odmhel aRéd hevoRlid i alakn AD, hidein wakr vafaes anﬂ/hr Quigtinrface

T L

fron1the |nterference of light reflected fromthe

' waf er s e with a |rect reference be rocessi ng
220 A ot o paseatee et S sbS ST T T o URTg: ¢

sur fmwmwlmamnwmfmedmmw @&itfacb o0 g eBicom wafer
ns. o and t hree dInEnSIQH and di spl aying the
?ﬁ? g ﬁﬂﬁéﬁ%?a 1509878 et hod

ac c %ﬂxﬂgfduﬂpﬁdsa RS frindle Pakiris ﬁamqmn&%&imsmﬁ@@ edflected
gﬁne sur hy an |nstanta eous phase shifting
ﬁﬁ%ﬁéd%fﬁ KEeense ing to claim 22,

?:ﬂbdassb%mse Forfled PRES Ehifibll fidsOatiid to el dufflcd \Bir@heters

ces are nepasured by_a vertical sgannjng

aﬂﬁ FRtGace Lo gphy) lmagesiv tyg dirprasion and fires dimensiony §8: ope

t eC RfplyRg topendiaftl Sk b pdiRAGLE] Ng the flatness of
a silicon wafer, conprising. directing a |ight beam

onto a silicon mafer through an achromatic doubl et

23| eNThe WieiibdGeBRing RS 072 SkAin kRodth Svafir ABERE aQf mtdAfred

waf.er, wherein the Iens |s concentrically -
by an instdntaneons phase shifting technique.

24.  The method according to claim 22, whereln back side wafer surfaces and
backgrind wafer surfaces are measurcd by a vertical scanning interferometry technigue or
a confocal microscope technique,

A method for measuring the flatoess of a silicon wafer, comprising;
ditecting a light beam onto a sflicon wafer throngh an achromatic doublet lens

| with clear aperture equal to the diameter of the wafer, whetein the lens is concentrically

fitted at the top of a mount securing the wafer;
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fitted at the top of a nmount securing the wafer; 23
AVENDED SMSET PCT/ SG20041000039 Received 17 S
2004 collimating ‘and reflecting the directed &E§§
beam back fromthe surface of the wafer t Eﬁd
doubl et lens; directing the reflected |ight beaminto
an i nstantaneous phase shifting system wherein the
reflected light beaminterferes with a direct beam

f 1 0 Bmhd{iRANC Redling (R dlrQutddOigh 8&ni BickIfrdh eRs Surfaté ofithe
at one or nore charge-coupl ed devi ce caneras; and

waserdwengh thydawbleglensif rom t he char ge- coupl ed devi ce
ca . . - .
MR8k géef ﬁg@%@ ﬁg%d Bt o af ifsRhtaRlout %aé&?ﬂﬂﬂgxg systern,

surface. ectlng nano-sca ects

whereimthe ktflecto igit beam inserfes Withydirectiicanifionya gferroqegyrror
to ?o‘%&%‘%t&xﬁ’ér&ho@@d oaf¥n dré kﬁ%ﬁ%@&d&%%%%geg%

directing the sfreare -ray- nto the sur

a s iprdcesing dmages, frank dkee thmrgcheupled fevics exmeoms toufipdetbe flatpess
cn%ﬁ&ﬁ{,@ﬁgfﬁ‘?}u;{ggs; superinposing and interfering the two
Sheared. X

ray beams with each other after the beans
have passed through the wafer, formng an interference

26L 1! SRR Ao bIG, L HRe B, BRATN R Ay

tbar ge- coup a sShow ng I ntensi

var sketringw Xsayrbcamphitise an Kbhpe digiidd shdaahgiraafardraeter;

she ang:; suring . spat.ial bha [ 'gnl .

di f ergﬁgglgg’ge@&or Tmrﬁﬁiagﬂsﬁﬁg’s%cwﬁgsm%oh% - wherein the .
wafertiendt galgevbtorextenemh eirgts;s pl ayi ng nano-scal e defects in.

t he f.er as ahr.upt. waf gr .| e hLRtensity ESthes

wheréin %ﬁ%@g‘%&%@et %?Sgéﬁy% 'Eﬁzr&g%g%e aftet
tha/terna hinepaged fremehdeswateher ei n t he spatial phase

var at i on i.s tected b r a at | e wafer &n X, .

t b R SR e Nt h A el Aot X R barge-
coupltddevice caput ahowinp ixteddity asitiagefron 4 phisealiffetehacbetween the

sh ;_%ﬁrgi ng to claim26, wherein the digital shearing
interferoneter includes two parallel thin plates cut

" monoleasuling adphtyal f please avarddtios odiffblen@k . ac2dingh eo melabeo cihifting
int é:rglglgigug%&o cl ai m 26, wherein phase shift between the
~sheared”"Deans i s obtained by passing the beans

t hr displaying tnancsqaly’ dBfiecteiigthe DALE as hYTUPR SRifay i intensity

changes, whexein the image imtensity changes rfloct phiaso variation differences, ‘

wherein the spatial phase variation is detected by transtating the wafer in X and y
directions, pexpendicula; to the Xrray beams, with a computer controlled stage.

-

27.  The method according to claim 26, wherein the digital shearing interferometer
includes two parallel thin plates cut monofithically from & silicon block,

28.  The method according to claim 26, wherein phase shift between the sheared
 beams is obtained by passing the beams through a transparent wedge plate, by passing the
beams throngh a rotating polarizer, or by applying an instantabeous phase shifting
 interferometry method. | ' '
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beanms through a rotating polarizer, or by applyi ng an

i nst ant aneous phase shifting i nterfer onetey netho

24 AMENDED SHED PCT/ SG2004/ 000039 Recei ved 17PCT/SGZOO4/000039
Sept enber 2004 29. The nethod accordi ng tReceivad A7 September 2004
wherein the total thickness variation of the wafer can

be neasured. 25 AMENDW SHE

29.  The method according to claim 26, whercin the total thickness variation of the

wafer can be measured.
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