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defects (at sub-micron size and especially at sub-surface locations) on these wafers, is
critical to wafer fabrication/reclamation industries. 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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1 WD 2004/ 072629 PCT/ S&G2004/ 000039 wafers can be used
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[ 8ht _source, such a$ a laser, is beaned onto'the
contergsipf wibich ofe in¢raparated hereimbly tefeaencef The Lengley iispedtion system
can inspect wafers during the production process by attaching an inspection station to a
cluster tool but is limited to inspecting only the surface of each wafer. A single light
source, such as a laser, is beamed onto the surface of the wafer; and the reflected light is
compared against a known good image for the detection of any surface defects.

Typically, a semiconductor wafer can have a large number of defects, of varying

patterns, such as switl, cluster or random particles, voids, scratches, cracks or damages
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conpared agai nst a known good image for the detection
of any surface defects. Typically, a sem conductor
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particle counter after surface cleaning processes. Crystal originated particles have

attracted much interest because they can decrease the reliability and manufacturing yield
of semiconductor devices. These defects, which cannot be detected by existing
instruments before the wafer fabrication /reclamation, have resulted in high wafer

rejection rates at the end of final polishing stage. The rejection rate is estimated by the
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aﬁﬁﬁttal §p|39k1§ Eﬁééﬁhg ﬁrﬁérfér%@%,'o‘i \ﬁig@tfal shearography, uses a charge-

coupled device camera and computer image processing to produce the fringe patterns of

anomalies in objects. The application of shearing interferometry to measure
deformations can be further enhanced using 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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the object. The nmethod is called shearography because
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or ect uc as SwWirl f ro .
instanigffqu gl Hifie SeAmariELheatSr FeicenPaALe Thbreserbgd her
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One of the embodiments of the present invention is to make use of ground, lapped

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. lmm by 1mm) 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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d devic d di
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images; and displaying the computed wrapped phase map on a monitor, indicating the

location of any defects on the wafer.

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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of silicon wafers, including applying a stress to a
silicon wafer secured in a nmount; illumnating the
wG@reenswed waf er with two or nore |ight beans, IMIES€@2004/600039
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KLA tencor instrument. Figure 2 is shows a conponent
dfigyreanshoms n aliemai;emdodinrnp & tan ogtisil hewbn waf ers i n
a L5 Y I enbodi nent, of the .
RS b thoBfled, R ok B ATES Pl et
wafer opifice $n da@ordingi with as beaipgy 2Ry diatat o @k Ho/caRby.
configurations. Figure 4 shows an optical head
BT SPOWS A PRER gﬁyaaﬁgswsofélﬁs%d 8¢ peanp forevalyatingia wafer

backgtifibfi®cssBear i ng head. Figure 5 shows an alternate
enbodi nrent for an optical head. Figure 6 shows a

cBiaprsicshowd ia dipgzam pHan emeawplary mgfer heouht withesacaimdoading
devicePO! i shed wafer surface in accordance with an
exenpl ary enbodi mnent of the invention. Figure 7 shows

alfigave Snshbars yin pednipdiny vadfed redlemaish F6&As ep@dns for
eﬁ(iglllrlé qblsﬂgwsa a l\g\ﬁizf Elow%%gg %{clo;]p%ra%rngiﬁseiémplary 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 KILA 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

according to an exemplary embodiment of the invention.
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Figure 8 shows a diagram of an exenplary wafer nount
Wi th a vacuum | oading device. Figure 9 shows an
wez@aprmey wafer reclamati on process cycl e. FiBCUF/8GA04/000039

shows a bl ock flow chart incorporating an exenplary
method for inspection of silicon wafers during the

waf er production process. Figure 11, consisting of

Figure 11A and Figure 11B, shows sub-surface defects

in an unpolished silicon wafer in Figure 11A and

DERAIEERIESCRIPTION OF T PRt P DA s
afRigire 2 filisfrateSa ObSBI-Dated SfstdNe T WisPactiy ﬁi&h%ﬁ&@c or

instrument. Figure 13, consisting of Figures
according to yheXRAPATY Frbedigentefithelinypitiops incnding a senkordead

. L 0g. odi nent of the inyentjon,
consiffe B il S B8tnthe i 00 RIS Rlonus plfos PO heider
shearihg Fhedinclgd 36d fohaiggalainsd ﬁlﬁb@slﬂﬁ%%@iraiﬁ Hrifgds2PR@Mt head 24 to

surface, and Figures 13D and 13E showi ng a S|ngle
hold igiaging OPHFS. & VAGUHEY HESEIIaE deiceakZe ndskimenn &4 and-rajary 3 inges.

j - ' rferoneter
s e R e AT (o I3 BBl UBplyEna
contrdl pleetmericsn . The se¥BoP BO ARIELEoriiGd SR IA4h€2683Phy and

TAl LED .DESCRL PTI ON OF THE PREFERRED ENMBODI MENTS
otog R B R R e e e ) e ot o
plane Hig_glﬁ@&ﬁénﬂﬁhcﬁiité A RAVOISER tinfGFN Fish t’éooalﬁﬁha%ﬁ iﬁgy

enbodi nent of the invention, i1ncluding a sensor head
direction gad gimuﬁgmwsla Aeqondsfeusisaldimaphase sliftéd frimgesn

[ P f L head ,7 for..sheafing the
o BT IR Ly R SR
pressute omthe svafea stitfiidees, whthattle Réfet’d edgemelld FiffAi iNG w4t BSunt 2

vacuum stressi ng device 12, and |inear 14 and rotary
attachgciodhe,yacuum chpraber. fMierpatewafenloading o sirepsing sestbegssuch as

pressutd ¥iRERE S ridl ﬁe&%@h&}ﬁge arfifrafed @:ﬁ}gggr 2HR lhpg%ggoi ned

control el ectronics. sensor enabl es’ _
microyivgi stregsingnan be gsedwitheut detrdvting froamthy imvapevd fehtuyeswit the

embods i G ABRRIED E AR it Ak SR R & foebress

the wafdriSefordetibl 4RGHALS mEBufenBYL sHAIE aleh RDdetelit mEeionQieand
' taneously records four real tine phase shifted

[
defocts. A fEpnge I YREUYRPTERTIHICREICAYSISSS eancerititiog atitheividinityof s
' ' re t he
b398 03 1 U5 AL UBASE BSEEHEF i fper,
anomakbesyaftler gemorated fringe pattern. The fringe pattern is generated by the

interference between two coherent laser beams 3 produced from the image shearing head
6 and digital image processing performed on the computer 25. Accordingly, a system
and method is provided for whole field nondestructive inspection and evaluation of a
wafer before the wafer polishing and/or reclamation processes.

The turret head 24 includes imaging objectives and a beam expanding lens 51 for
measuring defects, surface topography, total thickness variation, and flatness of the wafer
surface 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

8



attached to the vacuum chanber. Alternate wafer
| oadi ng or stressing nethods such as pressure
W@ esrery, thernmal stressing using an infrar eRCT/8GWON00039
a flash lanp, and mcrowave stressing can be used
wi t hout detracting fromthe inventive features of the
enbodi nents. Additionally, thermal or m crowave
stressing can be used to locally stress the wafer 5
analy$inr Whdle iaglersandl eompitter Xp aeithr @nattathedrmenitonat $creendd, isghown
. . detect. micron-size defects. A change in vacuum ..
in Figffecd & s fovieie e lored FE R cnspe st rirecttls PEEE Bemtive
systerf any PR R6diSg devideltan WBLBHzed vARbul 8MRRliSs Mehehe HObRRLS
and"voids in the formof flawinduced anonalies in
featureshef the sisteam enfl ¢anibagenyrstedde the iMspeciion apperapithrengh hard-
..gqen(grg ed .bs){ the int e[‘{legenc[ﬁ H?tvveen two coherent
WIrng, 1a@p Uags %’lsp?’%%stﬁ@éﬁ PEN A er‘rage shearing head 6
a![hdF%hﬁH 2, dhe dib@OIascR 1 @6ASISH RithFefsA thRfkeR @ coignAG HAd beim
25. Accordingly, a system_ and nethod 1s provided for

splittefagsembly £p@daesheams e illupminatp sheeditipssrvaterpusioes AaPneaf the
. I e i i . and/ .

sides S gl R0 kR84 pROLD YIS0 Pl tgmation

processi@g grogndbi kappddwesferasndface Hsanvepifisd iimgathenbarbdn diced

nmeasurj.ng def ect sur.face taopography, total .thicknes
surfacg o Thigcitghse nafiie o e Halks Seface diclpsrhpieasiijne gad dglectifpsub-

surfack 'd@ﬁus%iacspéa@ém&ﬁmmaﬁk w8 Sighe. 8le iA@mirRtiORRHe
supply, "a frame grabber for sinmultaneous and real

showt inrkiguradde adaptpd te iltvinginate dlredsuadacé efsthewaten & anere phidemmly.

re 0% SRR Hehho SR SR AP R okt b
7 (shoRfalin #$e26 Q4aD @DBBhre 4 Mabygt the iWidd he@inpeiead 6AThe gt er

25, with an attached nonjtor or screen 26, is shown in
shearipg §eaded canche afichelspi-tpe shasing devicacampriged af@ polarizing beam
e | n V an
b S G e
chargé-cauplddndevica\camtiay Ghotve at Higese 4)far¢ eed Sy theanstzntaheowsplizee

shifting Henhg L6 P et CHHPRCIon ol BRF Re e RHirR A ees. ghe ehasee-
couple%c% &ﬁiee'cﬁmﬁa@,%ﬁh 4or dxBfip, OB L 2949 %iifel‘lﬁfs%lﬂ%’, M thonected

ers 2 through a coll'imator and beam  splitter )
to an iamge phiicgssingdroatlefshdeemputd 25dor t4letatingtthe phage disfribugion at

.. wafer su ce 5, of the, sides of the.wafer 5 is
video SRS~ Pa BT st Soometr st e i S et e e
phase khigtell BGAgRmeYiSifion PfoReR DS by Asip aWedicated Uipplerblyghstic

surface 5 is nore diffuse in nature than an etched
processqy, dieh distlays the wrapped phaseitereaktiphen Hgmaqniteneace 5
; 5 r
i85, T RESH LR AU EAR B Stbcn a1 5, BEhEsLs
belowiwithuRignstS.on node

The surface deformation of the wafer 5 under inspection can be directly obtained

by observing the phase change before and after stressing the wafer 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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[

shown in Figure 2 is adopted to illum nate the surface
of the wafer 5 nore uniformy. The scattered light 8
wo edoueticed from the wafer enters the instantaneorSG2004/000039
phase shifting head 7 (shown in nore detail in Figure
4) through the image shearing head 6. The inmage
shearing head 6 can be a M chel son-type shearing
devi ce, conprised of a polarizing beam splitting cube
unwr#ppingywirthenfiteingwan bp hppled flesnamndling an(iammavmg the effetsof

ocal it 4 lingya34 bendiugnffi GoE walet ntlFrotied gl e waler

dlspla%ahéﬂtlaﬁw sﬁ‘ﬁﬁﬁeﬂl i§ QieMaPi| bANRBYSAY ¥n "ﬂ?&xﬁbﬁ‘lt&%r infiR&ling the
time phase-shifted fringes. The  charge- coupf ed deV| ce

locatlmﬂraasdefmtsh for exanple, 2048 x 2048 pi xel

o et Sl A g S g dReie 20 b bF Fis A

translﬂb& TakdrAltt bﬁr(ﬁdtmg‘ék&@ 93 REE Und sfige 14 Qeiﬂe@ﬁ%ﬁ‘}}‘ 6 Eérforﬁl
wr apped phase lﬁ can be obtained either after t

serial pwa%ermtzf oo small prga ohthguyaders and alrode pseomn tqsa}l thngkmgs a
vanat%ﬁqﬁq%@ﬁrgx%{aﬂé gh Wole agéao(ﬁl; {0 Q'af%r 5 p&ﬁg ﬁgss ﬁé%ll;lg ﬁﬁxe %rf]er 55,

W appe Inrea

furthe? ﬁdjustd’dlé eé¢rtiadliyvs] sieand o1 h awValsle @bl 23) aRGPeCtbidFhétibn
devi ce caneras can be use as di scussed below with

encodgzs gpnafonthe rofgtional F%fl:léneaé%%iﬂtaﬁeér?f dhe stagesyapibyans operaing
on the d&ﬂ@ﬁ@r E? @ar?@eguskaﬁ 1618 gﬁx&i Llr%’dt gy?xtegft dﬁg%ucﬁﬁneﬁ SeL ﬂﬁc%;h ror

ange before ssing t
of thetstagemmmgnhe wifeessagugenaians and idPectidne phase i rmg es fr om

t t wo, di ff | oadi ng. st at fot £r, .
S 15 FareP e el el g0 il SoddiBent Blifnghikya
shear@rzyngaﬁd/ahmsgapﬁya@almma Ws @hedwPin KighP BAChnA338S @1%51’9 8A

can be displayed in real tinme on the nonitor 26 hase

showsuhwrawmgntdﬁ mnﬁgréhey@lgclmad pder digitalshearegraphy , théchrap

utlllzeg@@?@%lij% ?r&&x%ggﬁtrﬁ#)\%ﬁlg%ﬂ ::iél theq ?h\é\% %g 9&{49917 t%g% %uerference

takes plececppiéendhd two hmmilymhrfg;dajbﬂ:cr lmermxslongnm@ﬁomftﬁenmszalﬂé

. _lgcal, an | obal .tilting and hending of the tested
mirror, G (R eche s et HEn s FEcias fdpsdugr o e e
object®akn 27 réfldtdd il tHeSmitioe W8 Bh @ik @ﬁédréw@djéétsbem z@ *}@ﬂected

nmonitor 26, indicating the |ocations of any defects.

from thg eminyrf léirWIQ fatu A dderdnencefrngaahthet i metg@tan@uel obaseshifitng
n { f.er
head éﬁglgegigf Lol C}ngg?Eh%anﬁé &}ngl%ee}: ﬁ%?l e;%eb ptgc I}/e\%g)léile’%tr{c%a%gﬂu%gr

I near

17 thrqaehfaQpieno-dedttiatramsdaces cenvelles (10D sibwaiyRbhnetfedao tie dofiputer
wafer 5 and also to performtotal thickness variation

25. measurenents on whol e area of the wafer 5. The

PRSIbitRPEMSodneht & WRkA"in Firure 3B, with reference also to Figure 2,
the mirror 15 can be translated linearly to transform the image shearing 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
instantaneous phase shifting head 7. A filter 22 is used to reduce the intensity of the

reference beam 18.
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further adjustable vertically by neans of a novabl e
tabl e 23. Respective notion encoders nonitor the
wo eiaviwewl and |inear co-ordinates of the staP@BSG2004/000039
Software operating on the conputer 25 can be used to
control and correct any fluctuation or eccentricity
error of the stages during the wafer neasurenents and
i nspection. The inmage shearing head 6 can be used in
aﬁmmﬁslmmddstMMwumphdse shiftiglgdhigifemmetrk:lwatpagr aphy
hol og hy te hni as shown in Fi ures 3A
accordiie Bith HhegnE g gL BTN er B Al
surfac%nﬁarsﬁm:e fa@ﬁetsﬁ The E:or?lbﬁhb& Béans DS AHRGHE Rhdpe-SHBA 1&%& 6.is

lize the Mchelson interferometric princip as the
dlrectsch@mughghajtémewn—pﬁtaemngﬂmmesphmmas 30,t3%kand 3plattecheld et wsmm

| RY .. fted object be ' t
in FighgSih, o8 i orhusching R e} FpineBiRPRAfEetiet y ol e
of the@nPir@hRme hﬂﬂ?&ff VibratisPHBCHCAT thd threelR@nplifieds sitfilrBC tHence

beam 27 reflected fromthe mrror 15 and the sheared
errors glgp écthe gevmnEeniad fifect @@dreduqeénifhhbem 29,@s ity@ssgs throwgly the

comb Bl BebR B 56,1 9F Pl 1Byl % 01 BORRUS G058 |

intensitp nquiHawshlifﬁng h&erﬁremetry‘:ﬂt&hﬁin&eqdlﬁﬂ&ﬂtlﬁ&hat tHefe should be
t hrough a piezo-electric transducer controller (not

three QBR PaElyRbateasititied tRgessgiaither Phassvalye ofihe impege can be
calcume@ Oﬂi waoémmﬁa tpm&vgmmﬂ Fh Ol erBiob cf A n[f.a% % ﬁ1|2)9€ bl > 0

to Figure 2 mrror 15 can be translated 11 Rearl y
piezodlextriq zotistary which pravideg ¢hesieeessanyphhseatiffercocd begweeat then t o

digit h
referefigeonf pichneibet $EERT bl b b imeRt S U senmsions e
phase SHiiftfgtis BRAMaAous ahd a6h-8Rchdn®®)."Té Eurelfiatthe ffur bBSm 33 hre
position and a reference beam 18 fromthe di ode | aser

phase ihlﬁa%@i theyragriresLigue, B combiation of quatenwavsiplateseand polatizers
2 f
e v LU AN B AR Ryl B e e

three roingstariziigf teamgplias 30, 310\ahd 32 BivelRe sasneystaskt diffefendelen
the intensity of the reference beam 18. 10 WD

betweezo‘@aﬂme@zraz , atthe Arpeldhrough the same pathdengils an
E@&ﬁgféic %@?sefr&ﬂ 'tlﬁe{ %a?lgle %‘?ﬂéﬁf&é&{g%e[\beenstﬁé éeéﬂnd

acc ance Wlt an exe ry e to nea

the refemhes beanr ﬁlamﬂnmkom&na adanggiichia (B mttbdisdinid #p6larizer 39 at
def ects. The combi ned beam 29 fromthe inage-shearing
45" in fhe hgarg prth of dyraehbeth mieé@é Hn%qﬁ @okaﬁz@@nmmg@%by Aon gand

e oo RSB LR T e
path oS trh B} B4tB ahgleedflimkar ﬁolirhﬁheﬁ hve r6thfe@®Y 135" ; and the phase

difference becomes 180" + a.. By introducing a quarter waveplate 41 at 45’ in the beam

path of Arm 2, a phase shift of 90’ is achieved between two polarization states and the
total phase shift after the quarter waveplate becomes 90" + a.. 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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of the environment and of vibration affects all the
three beamsplitters simlarly. Hence errors due to
wao b@4eme2y onnent al effect are reduced. The beaP@RSG200$/000039
it passes through the conbination of beamsplitters
30, 31, and 32, is split into four beans 33 of equa
intensity. For phase shifting interferometry, the main
requi renent is that there should be three or, nore
Waveplqtﬁddequpiﬁ)s & s hTlhdnelly intmgecing thetpokrizetvd 9135 e thead isen
e.camn be calculated, In _conventional phase

addlt’é’ﬁ‘iﬂfﬁhgﬁ?gmﬁgﬂfelaoef gidthe oot phasershifsis Bt o nove by a

EERR R ChenSt HEbO oL Do By RSEREAL b o0
de enaawmgaﬂénmﬂm thd QR LW avdpl R DD EA BB b6laffers BE and 40.

present system the phase shifting is Instantaneous
The basig adiesntage oA BHS Wae of pheseshifiing it Wat it ders nobrely ereamsmedng

objecg.r %éld ?ﬁlgf;%stﬂéfrg gsﬁxg)r ﬁﬂmgr 1n§1$§'%e sﬁﬁn}rféllsl"t‘ﬁf: 1n?ensg¥ gf bot};
bcammwﬂﬁbe the isi@e pad the nﬁérfabilcetfhﬁgéseﬁllﬂae sﬁﬁp(a[ the§tOingles! Bince

four beans 33 exiting fromthe three non-polarizi ng
there Héé&%r@f,ﬂ%ﬁmﬁféﬁ@sﬁﬁ ang o amaeuy, g SESteRONSRIARIEd got be

cahbrgdeﬁ WIQHECE ’the??]by 1&%&%& Q@cﬁﬁe}%g an@ k@}falf,ﬁfg}; %ﬁﬁalg ghﬁ?ﬁ shifey

travel throu
Moreaiiet fthe pwbeblhar ofi esrofsrinductﬂ duptt moﬂltﬂmgtehmdﬂate‘de lecanébe noted

ot AL P b6 4 5B B B e
bcame 0A§§eleﬁ Elondhe PbsitidPof the Eﬁﬁex’@@@@ﬂoﬁl B iR Fightda, the EMeias

gles of linear polarization are rotated by 45; and
CCD 2 n@d P Reesthe girpiimagesofqameras (KRl pad 4. Fyadenraendbeimages

o 20555 G 20 RN R s
same. t'hlue ﬁ)hﬁdmrgadcdllbhﬂei&cme banerae€CD8D- 4 can bByhgﬂeﬂ ibe ghisel g

arter wavepl ate 41 at 45 in fhe beamO at h of
pixel %‘(F‘ﬂ}“zon ’é’ t %5&%‘? RSO é?“eé gnyuge 2 bighdsgige BERGRBERY ¢ wo

p%éﬂtbﬁﬁfe‘ e%boﬁhﬁérﬁfi;s @B@mtﬂﬂ Biguts @lhex@ﬁ?(?n% cﬁﬁ‘x‘g&ko@ﬁl&@ levice

quarter wavepl ate becones 90+ a.
camerra r3t7 ipefilizied dnstead of i garhores a3dhown in Elgurehfé riheisize o the system

seup BLdrbiRGRY ssBERBoiit o BT pish! 200l el on
states,ileaviel thelsbedringdiehd Gﬁlnd\fsrmﬁde(ﬂlnlﬂhﬁﬁﬁopﬁi@hlfﬂat}@fby aQ)eﬁﬁx spHitter
‘achi eved bet ween tg) pol ari zati on states;

34. Argprier EaRkatestn, placed ingne of thediyq optial paths vﬁyrzb@hmmwgr
34, prgﬁé% ggﬁf ﬁﬁé’s% shiteViBR!rRhLS lgasfﬁ%iﬁé ql%}hfwﬁvep-m@ A5 hY

Intr epo ari zer 40 ere I's
two components that are mutually orthogonally polarized, differing 7/2 in phase from

each other and is combined with the sheared object beam at the beam splitter 36. Two
speckle pattern images are formed at the charge-coupled device camera 37 after passing
through the polarization splitter 38. From the two sets of two images, one set taken
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 utilizes a piezo-electric
12



addi ti onal phase shift of 180 ; and the total phase
shift is 270 + a. Accordingly, the phase of the
w@eosbiorese beam can be shifted by increnents of PGDSG2004/000039

depending on the orientation of the quarter wavepl ate

41 and the polarizers 39 and 40. The basic advant age

of this type of phase shifting is that it does not

rely on any noving objects. Additionally, there is no
transdygeyi dyiye gbjeetivisHensdo Siviction nsga eanfoqabmiiGipwcnne t«)yot&am serfarce

heigh R Rl tradt ot pRT R ARG o, el R RGBS

couplEBEdvidel cﬁﬁxbradﬁ‘meclﬁﬁaﬁaﬂleon@ pBdEb kkitidghead Mes 6368t @ MeueSthe
need not be cali brated with tinme, thereby

peak li%ﬁlgb@ﬂ%e‘i femdbe watse yurface Sr Bluriagthe supfaes heiglt phase
meas%@rhgrit the £rg%Ya§£ ’13tlﬂg 119&{1) Q%Eé :llfl hd i Iﬁf)&a% establg(éﬁca?ed not

I'mna can be no
autonﬁhballyfml}ﬂxgaﬂﬁo pdssitl(ﬁl e wafer Shiglov the fbea rspota rIEhe twader 5 is
mrror, i mages .of the other two  bea rrs n from

scanngd; o diSiCERtET-{odts oufes eé%?n%\ns@tre@éiw eqpaj Hltqryfgla sge Elguffh@ to
I | S

moas FETRNAEN RGOV Be¥inficd PRTBERNE | R IRachh E TN

comp@a2PcakmihtS thdtwdl dhiblness variatien by efnprvangwraqrp idngtodtheltilt in

the rofe B Lo i e i e GEOATy i o cpgocer.

PIrk&otHe® e@bsdiinent, hlsHoke i Fadifle ¥ -t syiten®chitid ®ed Esrsur e
a high degree of accuracy. An al t ernate embodi ment is

measusing ke flaingss glithe polished vesifer serfecech sy achsompliedpubte) lens 42
with a c‘%%?_%@ert%?e éfﬁl t#? thd éﬁgle{ Pgt ﬁl@%a?ér 5@ %nc%ﬁﬁ%ﬁ]?iﬁﬁéd z?tl'eﬂé’%p

tem se
of the aafsrmibung4y. rglne&lahd 4{2 plachnlaﬁ;dr thEh&fﬁ&ﬁﬁaMwﬂEmﬂlﬂﬁte the

h ff ' [
rays E0fthe TS SOt P R, P, TS Tl iebt o Tp e
wafer Q¥rfite %ﬂ?hs%ﬁhﬂoﬁél?fhe safhe 1és ‘M@frﬁ&feré’\@‘i‘tﬁ %@lge%nﬁ@ﬂetﬂé@ﬁﬁﬁl

in one of the two optical paths after the beam
the refcpelnm mégror téz(F@reo’d)ug derm the interfererasdrippraatidhe phiafge-coppled

deied ST LR e BB Y BB AR o e
flatnegdiaintl prdser the résul’ ophBs Rohit@Mlongacith Rdéifneasidn laﬁd three
conbi ned wi.th the sheared object beam at the beam

d“nen§1|9plfﬁﬁf§|em3@°ns‘|'\/\o speckl e pattern inmages are formed at

Eﬁougﬁf BRSAHD Bhfhed it taft BB 15 faobire SubRS Hdraphy of

afization splitter 38. Fromthe
the wadatty pifse shiftingranrbeertical scasmhlgtlaﬂcffaronmﬁwc@mmdl" los makes

use of e R Bahe BatThrad o Wi BT Dt B oS

throughtuRd ¥6dus BR td#he $RMdradriadt 3.€Phe dUjdBEvVE lenk BQ iSBBited o8
show ng the presence of sub-surface defects in the

PleZO-@Jﬁﬁfélﬁ t@nsdugera ddise usesdenpreasuying thsgangheback surfacessfdheyyafer
5 by aﬁﬁglcgle gl’%lﬁlg%[h? Ik eé"}%%' Iie%l%ﬁl{é{l@ n%hlg h}n%@lﬁl%fn %’lﬁ)%&yes?alngﬂs of

objectpiedem3ess ewtbeichanged 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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12 WO 2004/ 072629 PCT/ SG2004/ 000039 transducer driven
objective lens to function as a confocal m croscope to
wo@bdioaloreesur f ace hei ght data at equal radii of P€TI8G2004/000039

waf er surface 5. During the neasurenent, a charge
coupl ed device canera in the instantaneous phase
shifting head 7 is used to neasure the peak intensity

reflected fromthe wafer surface 5. Duri n% t he surface
h&miedimenisef the nspretion pysteny ilizing thg ganfogal teghpiqup gapgplso

e

processtBatwhing & wafdrS fr@e &8 Asehal fathnetsto @ecdntrhodate vdrfoue phekaging
edge concentrical | }(éat equal intervals (see Figure 7)

require@entygeagw e thetpsdes of §hmils oF PER news Appligationgsfos pmpst gards and

r..surface..5 .and the software aof  the ut o)
hand {5 By ou it R 5 e oel oA SprsSOPRIAY e
wafer€5; Thé o€l pRcéRBF badkgrihding bhehe walf@rythikg tiwlafet 5 eforel 4
stages with the input fromthe correspondi

. ) ndi ng stage
dicingandaekaging. \Thepsedsas is dneyde aven walgsmatlesaln tge packside of the

h . b f

ot BUTLSF L) RS B BT BOSAS Mgl S By
contrd] énrsubsquent tphocasses. €Hlie wifer surfaee emighhest anuktie witlhingdlerances

of  t he, wafer i_s, concentrically fitte t the top .0
after Bagkeripding. wla?ﬂr >4t isriog Stgnd oS ough b e POt
specifRdlibRCRAdI¥hAIly, BRhbifdRi dfRe surBYs rdupBilsh RenlpdRant>do

positioned at "the turret head 24. The reflected | ght
being 4ulefto orensunesurfoat equgbuass aiceverial Jocasiwns on Hieowafer is meefshne
Embolfhg]?egl.ts: gel lrr%x}s}'fzee:c gﬁ %yg@&?a&xﬂ{f%e g?&‘s[{‘ g&)ﬁ%%l%%%%lgsygt%r% or %hrée
measuréthéit o€ fipifiest bf haRgiid sutliced) dngedaictopid aredtliy cotrolled

caneras_in the instantaneous phase shifting system
automgtiefacys bithepigoraleciiciranaticet Fs scamminEesass 7y hindagkgrind

: n

vt 35 O 6 R L 030 b Pt
indepadbutcif tiEngcan tengths trad-dimensiondlend slede-tlimensingalmeecasurefreot

ogr,aphy o th fer. hase A
copab ol B et i et SR Se B e e ek
Figurd'$ Sho¥s aﬁi@x@ﬁFﬁﬁt paterd Efne2hd afkalsbahstior dvatuatif@theddrfhc
allow the collinmated beamto pass through and focus

roughegss pba water fliaaying o prekgrind propess, whetelmeasuiegieatsse faken
perpe@aﬁﬁrqg adifts ofp[h(g&/rgfe?g & %&%ﬂcﬁ‘é{egné)?a?% g&éﬁ %%ths Tﬁﬂn?oe#éd Hs 39' are

I neasuring t ough the waf er
showihy yltBoughmhore at feseapathsayeipossislt evithilcanbetimnents ofthe Bistem as
enbodi nent all ows vari ous objective Ienses 51 to be

well ag pSymyaeirc paj Py to accommmdate different fields of view
OPidfes SHIRAIWO vitevs Ut o vAEEr mdllit In@AY sl ingUSRIcRim GO8sing
interference mcroscope objective 'l enses

device. Other methods such as thermal stressing or microwaves can be utilized within

embodiments of the inspection system to apply stress to the wafer 5 while holding the

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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needed to be nmounted on the turret head 24 to change

the field of view as is done with comercial optical
wee@hitees. The wafer surface 5 can al so be adP@Es$€zZ)04/000039

vertically by noving the table 23. 13 WD 2004/ 072629

PCT/ SG2004/ 000039 Enbodi nents of the inspection

systemutilizing the confocal technique can al so be

used to measure surface r oughness of wafer backgrind
pressugy Fhecwafer Bisplaged qathegyacaurn chigkabe sepladfising:am neng49, and
r
a8 SIS sOR Bl SHITRSY) BoRSEQTRAALS 5,

1 Figurd 8 slows300exainplafy patet addamsioh ProcsssrdyicleC RedBmAtion is a
hand he| d devices are | eading the trend, for thinner

IePro¢eSHRG irERNOIeRY brejesied raders gnijng WalshEabricqtigne As discussed
above ﬂﬁrr@élémi%ﬁg&gérg aft usPRGEQbhiRT 0P 9te Q> WalkGs YRGS the t DI NS
er ore dicing and packagi ng. e process
semlcondltcn)rgleiﬁndnmm@actwaﬁgpmmisesr| al on t he backsi de of the
fer Rou S ontrol for t rindin
i 0 SO S et ot o v epofborag 118
in senﬁmﬁaaﬁﬁfduah%ﬁsa%@&dant@ ‘%v1MPefx€ Sinpfaf tid élﬁs&dlﬁ@h&g hﬁrﬁé o Sysfons tan

be within tolerances after gr’1 ndi ng.
be usetdrtatdetec@ub@urfsmbﬁctm two @aaewg Ktepil06 btferectbm swa&e rf:émcatlon

Ci i Qn. ddltlonall i
proceidit o Slep DBAFE SR ne Bor SHPHiNP PR a0 et Wbl p
wafer fE@GhdtR NP6 deasee i &4 bﬂfe&ﬁnﬁhoﬁ gdasteibs b1sraédsSUISTHIB sysién
wafer i s useful. Enbodinents of the inspection system

can alsoybg wsefl 49 wspeck wafer serface Guplity pawenetsys fos sughogharagteristics as
roughfl&8 '??ﬁld %tal&ﬂféﬂﬂ%@% 1295011 k?)@fdf?{n‘ egﬁr ﬁ{# Bﬂ%@ roc sses

ncl'uded features are t contro omat ocus
subsedment toghgsleie: e the ingdts at stap1 $QHicAny bat wale arejdcieg fmm tes

nsper g 0GB AR5 B o SR e O kg
or dls%,dgglependent of the scan | ength; two-dinmensional and

hr ee- di nensi onal neasurenent capability; and

r Befecisand flaws in gliegn waliars Siaduqestminroncanrations qughe wafers 5.
Shear%%%% E:\%a @s%gﬁgc%k bgrtgdélgféélg%ﬁleﬁigﬁ\égglgpﬁe%@hm ct%ﬁ}efentratlons

into amma‘lme m the dringerymstsrnef Tapieafdefect mﬂioatmmgiepxctedah duinged
erei n, neasurenments are _tak rp,enciiﬁéul ar

rocess
Patterf%nﬁus?%&’vﬁg e3fS; phePherERtuEs Chppges; Tingedestity ,

and frﬁ%@ﬁ%&@rﬁmﬁlty 480&5 Bf th%gl';oé’iﬁmaﬁlﬁ SRR PO ridef Wettern of a
pat hs are possible wthin enbodi nents of the system as

typicahvd¢fective mfgrmhwm inplighes. 114 dﬁh@e& igtitigwse LB, for gawd of
siress

WafCI‘Sd ék\l\fﬁglgge m%ﬁ: S SI[1}8 (hid'ré% OS%J | nlgouq ;f]}])g ﬁH rlgz%tlvgggﬂﬁaplgﬁement

from 10hdif@®VERSsiEH AN Eheid are Inb%ﬁrdpt th¥nges of curvature and/or

discontinuity of fringes. The results are repetitive, and the technique can differentiate the
good wafers from defective wafers before the wafer reclamation/fabrication processes.
In reclamation industries, a general rule is that a sub-surface defect at depth of
approximately 15 pm and a defect of more than 10 um in diameter are considered to
constitute 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 pm and larger can be
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enbodi nents of the inspection systemto apply stress

to the wafer 5 while holding the wafer 5 securely.
wab@4omerd shown in Figure 8 includes a vacuunPCrisGi004600039

with a chanber fitted with a flange with pipe sockets

46 and 47 for connection to a vacuum punp (not shown)

and a venting valve (not shown), respectively. The

flange with pipe socket 46 is also connected to a
easﬂw@m?ﬁd] fuepodingenanef the msmqngn systent.oThedaieqtive |unp@hsmb

wate £ e SSATARERES s oyl BRI Bt wh icers,

defecs Aftel I.‘Hé@o‘ﬂ@hmgip@ces@ B PR Wk inspe@bd Gsihthe (T4 nbét t O
prevent any rigid body notion of the wafer ure 9

instrogieaiiEor spriack éﬁﬁgptaf ?hmpfeet rpancobizaed anthe &e”e@@é@ye&@ment

o RPN et DR ST e
The sizB€of &gdch 1ﬂ1ﬂﬂ3 Wﬂ%ﬁS SarV Ry BeatteASo MARbhoter B huntifRds or

waf ers during the sen1conductor devi ce manuf acturing
thousg;dé@égg@rgmetersgure 10 illustrates the in-line

r#ﬁ:'ec iédﬁ gleo%s tlﬁé gﬁ %&er%&gﬁ 3t sz?ltrfaéé (?&g‘ctélgrgs 2 ﬁlﬂgor}avgfe

con n-accordance w

Exempliiboe‘hllimiimalts dfide dspt @ivnGHstemidan bs estdito chisekdoit wafer surface
urface defects in two cases: at step 106 hefore

quality ﬁ%d delees ChagaiqrEateh ﬂa%élé%eglé@naltregr@%eag)ai i98 of thegsurface
topogg%%lg Flesb{ég ed BY; gx?la‘rf eAbb ARt &idds AN r BldiSkiBR of g& ,

recl amat i on processes inh case o
depthy and|shappet dflafectsd The defests on ap mop@zshgis(lap‘phd)swsfys swface S are
. sur

oftn fr 3 el (rap el ER spii S Sl G Uik ghindi a o o

a depthloBtb&s 205 amdlad howh ih FigkRESB Andr13at IThe deededére oPthe defects
after any of the processes subsequent to the slicing

can vasy fropelQ tegdtm.aThedepth awhishapggf the defpets Erundondbe wafers om
changg a? the wq%)ref%lsnc?)pgn/% L 507 8nc{cgss%gg%e§ %Halaﬂggl%%r Ogt ed to.

arecyc ubsequ 8%a

polishigf eXteslefoatd dnlthe\polishedwhice aﬁfabaﬁa@rlsregﬂaﬁ(du elﬂpﬁézﬂ)ﬂinrshape
concentrations on the wafers 5, ~ Shearography reveal s

at the gyrface apd fapes dove lilie conicpler pygampidal taéfd@etﬂhqf QRSB35
t
showrEATAEHES £0. 008 sbdYuBnRATBE i Betells ity RS RBH 1B
at the burfdceide shdwdl in'Bguey e3E. Ehblelptshews thasurface ebpopgahy pabimepdrs
frln density .changes; . and frin di,scontj y
of siligf B fe TR B SRS EedRere i 4 FSIETadecrease

in the Qﬁ& bied e o?deféc‘{ﬂhciﬁé sﬂ&fne\%felvﬁoﬂi@ﬁeefa pifig %J‘ﬂl%m'e gmhshmg
ure 11A. Wereas in Figure 11B, F good

proce$h ofweierg thepragvien ithese shalleridefeets aéﬁectethwﬁhalcp@tfonnamb ané
decrea% hagilft}y &d gnu%c%tﬁknagcy?aﬁ o‘f semiconductor devices.

Table 1. Surface topography parameters of processed Si-wafers
(Measurement area: 225.7 x 296.7 um)

S1. | Parameters/ R, Ry R, R; Defect Defect

No | Processes (nm) | (nm) | (om) | (nm) | Diameter (um) | Depth(nm)
1 | Lapping 1.92 | 6.31 | 221.1 | 296.5 10-15pum 200

2 | Etching 1.44 | 1.99 | 44.61 | 67.09 5-10 pm 50

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

4 | Fine Polishing | 0.85 | 1.08 | 7.94 | 8.3 1-5 pm 5
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fromloading or stressing; and there are no abrupt
changes of curvature and/or discontinuity of fringes.
wab@4pesed ts are repetitive, and the techni quePCHSG2004/000039
differentiate the good wafers from defective wafers
before the wafer reclamation/fabrication processes.
In reclamation industries, a general rule is that a
sub-surface defect at depth of approximtely 15 m and
a Thefletectianf of mone-sizé individnalrsubtasuifagerdefect particlesgn siliden wafers
t const.i.tyte fective wafer. To.visualize th
can niibe 6B vy i< Bt Pube S rigtoek i alit et oF
limita@iBA MfXhSwavel&ipRl bf 8¢ BBerQiphV\Sulde. 'E%einﬁﬁﬁl? emYSdiRen®@ of the
macro focus zoom |l ens 51  adopting the phase shifting
inspe¢tionispsiem Aax déte¢inane-sige défeeth oupartidesatdheiwhizsr gisface and djdhe

waterg -SSR N, Chesy e ey o S S e i Sty

hologtépRP khdhakeswé 6f soft/kird Ki-@ys 6f allbireh davdlesith. SHAM xX-RFs are
poli1shing to verify the presence of sub-surface

more payrEel becanse diey predrgpemitichithrgugl wamstypes ofangtesiad withlew

p . n r
absorl AL ek UGt Sl AO6R Iy M ODIER h Qe Al 868e
X-rays tustier anmefitl tood forfinspattinpahe fitdrng serbctvgesion défiegs irearilébject,

. (glilefeq, ar%d'ecl s mor.e, than 2000 .m.j n di ter. . The

includinga.siliegn Wefep JHiguse d4shewsp scematic digetpay of a0 XFmpRAS of

embodifHeRIMR1B4n X-r&“ﬁ;@érfé%%né%fy. ’Fﬂé%%ﬂéjg% (ﬁfthig‘tééhﬂiﬁﬁé R&'tRat there
Figure 13A shows the characterization of surface

is no nbed &artextegmal gxcitatipe onloadihg/stressiig dhrpdltiest tebbhissiedelites of

inpectiff L IREF G R Pp eGP ol T PGS I vl

This phidesQridiicERThivad by tiepesa Phadtiodvfdhe fehactduerihdXeof the wafer
t.opogr aphy .di spl ayed exenpl ary enbodi nents provi des

56 forX-£ysq L hisgdyes a0 iHagcodt tg‘i ae&actl‘@épg% by nepsyrag the phases of X-

defects. The defects on an unpolished (| apped) wafer

surface 5 are often alnost circular (or rectangul ar)

i In thh axanplarytenbodimdn siwvania Rigpe A4 dwarslighttesteared X-tay

dept h .of abqut 205 nm. as.sho in Fiqur 3B, and
beams 51 SEE prndenCaRd arib e G e IR BT he Bafer ot o if b g e
superpbsedAnd iR ridRpier tRY arepemiedithouge iR GhterEdriRetr OThe! Hfin
waf ers change as the wafer fabrication/reclamation

part isubmeselitbicathyiemsa slisondigekidg qossistingeof tye ppepHekijatesThib
The plgge} %g ltafel %{9 Iirg «%%51 R lofiélﬁgtgoélvméﬁﬁfﬁ El‘dﬁé o &t thé f»lt%%g 'g? fare

rays.

In's e surtace and
perpertiiboubarl to ke lattine plahespwhizhirdififilackaX -rays, as shepinlin die fidnoeit Tie

.nm as shown . in Figures 13D, The sjze_(di ter) of
spacing hstksp o RAEg platen Yy aBe it peffpint. cSibCe{he Gistankes
betweSkHhb R76-paRe FRAND atebnfalIHhE Bwd RrerfehB! Rarhs HRAWAIASE along the

surface topography paraneters
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 through 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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of silicon wafers during various reclamation
processes. There is a considerable decrease in the
W@ ewe/0zaeeh dept h of defects in the silicon waf ePCT/86IM04/000039
the lapping to the fine polishing process. However,
t hese even these smaller defects affect the fina
performance and decrease reliability and
manuf acturing yield of sem conductor devices. Table 1.
differsugef the phasepbift mpthyd par bavistreducedf Tp pbtamsaspleSshlﬁtai wedge
renment area: X 296, 7 S
plate [y ROt R PanCiostoctagpos Bhafe o m Bod it B fortcd
as dlseﬁ‘slﬁd $DoRBETS ete ) thOSutiA pHike va]ﬂahéﬁ’ Rhé‘@afer 98 cén wtrﬁx%ﬂateh
5 10-15m 200 2 'Etching 1.44 1.99 44.61 67.09 5-10
inx ami 5@1113ct$mop¢<pm¢uéantﬂ theiX-14y beags 58 with a1 gongppter- cenmlle@‘l

s I BI85

is fed 0 CheSdohthutd? @B yArdUuBe irfiatle-cahl bé paResded editg g ipd @Ssing)
silicon wafers can not be reveal ed by |aser digital

softwate Jihe ghasp Wiffesenas detbipen tiarany §aussd & threspatial variation of the
refraéélgﬂngdg)? in%gg w%?er%@eg‘#ﬁé’@e %lﬂf?&% %ﬁﬁs dét@cctg [)f he gxl;yfer 56 can

I nsSpect|

be reweyst] emtltbaﬁoﬁi&tr @6tas an ahmpﬂ inensief énhge frommarabruplt elsamgt of
waf er sub-surface | evel.

the wafer surface a t the
r_ef’ac*iiﬁ%"gg’ég’éﬁﬂ%}!flf’? plopgt r}ﬁﬁgéﬁ’ RS ting X-ray digital
S DEALESH ﬂ@fé}’re@ %mbBHﬁhRaﬂfsQﬂ e hﬁ@s‘inﬂﬁ'&@ﬁm’rﬁﬁv@ﬁeé&ﬁ&@ﬂ and
X-rays | oner wavel engt X-rays are nore
descrlpgoimwuﬂl beb@pm@@eedtbyetjwmsallm amtheiartttbat chimgss ghyrba myade in

erl 0 abso t|on e

these 0B EmBits WIS pgiti drowt e pRTRISEY Bt BB et Bhion e

scopefof thidhes d@fﬁléﬂ&n thé-dppwisdetl @lalxds ﬁldlﬁéﬁ Buivaents.f or
i nspecting the internal structures or defects in an
object, including a silicon wafer. Figure 14 shows a
schemati c di agram of an exenplary enbodi nent
utilizing X-ray interferonetry. The advantage of this
technique is that there is no need for externa
excitation or |oading/stressing the object to be
tested. The inspection is based on the phase
variation of X-rays that travel through the wafer 56.
Thi s phase variation is caused by the spatia
variation of the refractive index of the wafer 56 for
X-rays. This gives an inmage of the refractive index by
nmeasuri ng the phases of X- rays.
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In the exenplary enbodi nent shown in Figure 14, two
slightly sheared X-ray beans 51 are produced and each
w0 go0u0208391i tt ed t hrough the wafer 56. The two PEERG2004/600039

superposed and interfere after they are transmtted

through the interferometer. The main part is cut

monolithically froma silicon block 52 consisting of

two parallel plates 53. The plates 53 are cut in such

an orientation that the plane surfaces of the plates

53 are perpendicular t SI attice planes, which

diffract X-rays, as sho the figure. The spacing

between the paired plates 53 is the sane in both

airs. Since the distances between the two-paired
What }3 Gleémeddse smal |, the two interfering beans travel

al nost along the sane path. The X-ray beam 54

produced froman X-ray source 64 incident on the first
1.  plAakethbd f@tindpbetidBroigifican glaters, Sodpusidgd i nt o

transmtted and diffracted rays. Both beans 51 are

t PRRiemE pistessite a siligan AT eouesd 186 MYPWEe neasured and

di act i IO

AR Yol sl Gy P ot T Beg, PR oo
imagedeam foym thesstreséed awfer imergated froml tealilblenina®ncaner a 59.

The at her t beans are bl ocked, t he erture .60

o a0 i e gmes Py iR Sn dnteestrEtce REFS ShBinetbem
accor(ﬁﬁ?yg(i,ﬂycgnﬁfe}fgmnwg ation due to the phase difference

bet ween the sheared beans. To neasure the phase 17 WO

26ty the 2ombiTd Bezo 049 GoOBSe shifted beamsley appheng pbase
shifﬁn%%{eife@e\?ég%gh%gaog}%gﬂe@%% rguced. To obtain a phase

ot rotating polariser or an

| BcjuariigaifRgessofhatar pldst shiftgd bedniaohd computisg adespped phase
as di scussed above.. To det egt the spatial phase

map of the; watprsigom theacquired imgges Ad e transliated in x and y
g : . . € i . ]
c Bl e QARSI Pt P o WD AMcrlhg i 1Bodtion

of anyodefievéscoretie wafdarthe conput er 63. The output fromthe
camera 59 is fed into the conputer 63, and the inage
can be processed using i mage processing software. The

2. birasmetliotifaeédiag tdebine e wiididin RS thesweRtiBadcdiyplished by
_spatial variation of the refractive index in the

appli TEpL BGuUNTTesSPIg emiGHOW &es £  demprApyedetecvafebt t he
wafer 56 can be revealed on the nonitor 65 as an
abrupt intensity change from an abrupt change of

3. r &he acthodaccardiey talclsinr 1,buliarein tiad walgr hent)s amydjpsistie mount

t hough preferred enbodi ments of. the present

and whept e A SRS SRl GelateFTEHT Yer oYy be

appreci ated by those skilled in the art that changes

may be nmade in these enbodi ments w thout departing

fWgﬁmﬂ@d@ﬁmﬂéﬂﬂgIt(edalﬁdliprth@rtcoﬁmﬂﬁlﬁé? i nvention, the

positioning the wafer surface rotationally, laterally, and vertically such that the

4.

wafer surface is located below the focus spot of the light beams;
scanning the surface of the wafer from center of the wafer to the outer edge of the
wafer concentrically at equal intervals to measure the height variation over the entire

wafer surface; and
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scope of which is defined in the appended cl ains and
t heir equivalents. 18 WD 2004/ 072629 PCT/ SG2004/ 000039
w@oakhRe29Mat |s Clainmed Is: 1. A nethod for |iPGPEGLHIOEN0039

of silicon wafers, conprising: applying a stress to a

silicon wafer secured in a nmount; illumnating the

stressed wafer with two or nore |ight beans, wherein a

reflected imge beamfromthe stressed wafer is

C caiaﬂamgfth@mtal tleicknessivariation ofthe siakear inplydinggemeying eresd

n1to f.orm interference fringe conbi ned

ﬁDﬂl%&? m QP@Wﬁﬁ%f %gflcal interferometry; splitting
t he conbi ned beaminto four phase shifted beans by
apﬁbylng phase shifting interferonetry to the

inadidd Beconding telpim hovherein ths light bepanstase wplasey beams.
shifted beans and conputing a wapped phase map of
the wafer fromthe acquired i mages; and di spl aying the
6. CURPhEDGd %@Miﬁ tPd1RIBE], Vet redn tR miethdd @ﬁopti’cmldhteﬁbiongtry

the | ocation any defects_on the wafer.

used tyshagp the seflestedii lmggtt beag igispieqted {RBYaiis nsqlv@%%smﬁléle Sheesine
1nterfér3’m@tm\[% Al sﬂ%ggg%p% dl g tcklg rf%tglffe%flﬁzw n@'erf?(flgﬁ §(§aﬂfxﬁ

interfeacraétryd |cmgota1 ntit@seapy, pmﬁhn@ |and holegmapher nount is an
adj ust abl e nount and wherein the wafer nount is
adjustable rotationally, laterally, and vertically. 4.
7. TR ARHBYcRFERE B Afint £, vﬂ{e?élm}x% cofubidedVeam QeELt $it6 Bivo
posi tioning the wafer surface rotationally, laterally,
beamszand imegeas; tha limgzes servesehting thp waferdefore and dftes stressing gt ed
bel ow t he fo us s th ans; scanning the
Whereglﬁnfuélévéapﬁdp %Sevl\% % glpgutegaﬂq ‘g%l@?%f he wafer to the
outer edge of the wafer concentrically at equa
intervals to neasure the hei ght vari ation ove{ t he

8. chhq methodagcording i el 1.avherein thadispdayssl erapgovpals surface
and/of%éuﬁ@@éfé@?gﬁﬁgw @‘l cul ating the total thickness

variation o i ncluding renoving errors

5.

9. The method according to claim 1, including displaying wafer quality information

of surface roughness, wafer flatness, and/or wafer total thickness variation.

10. A system for inspection of silicon wafers, comprising:

a vacuum stressing device securing a silicon wafer in a mount;

a laser illuminating the secured wafer with two or more beams, wherein a
reflected image beam from the wafer is created from the illumination;

an image shearing head forming an interference fringe combined beam from the
reflected image beam according to optical interferometry;

a phase shifting head splitting the combined beam into four phase shifted beams
by applying phase shifting interferometry to the combined beam;

cameras acquiring images of the four phase shifted beams

a processor computing a wrapped phase map of the wafer from the acquired
images; and
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fromany tilt in placenent of the wafer. 5. The nethod
according to claiml1l, wherein the |ight beans are two
wo a2men7dseans. 6. The nmethod accordi ng to cl ai PEWSG2004/000039
wherein the method of optical interferonetry wused to
shear the reflected i nage beamis selected froma |ist
i ncl udi ng speckle shearing interferonetry, digital
shearography, digital speckle interferonetry, vertical
s @amomitogdisplayieg thercompted, wrappedqhate ma imdicabing the location of
ofiling, .and hol ography. 7. The nethod according to
anydgt%gmpi}}e Brein the conmbined beamis split into two
beans and i nages, the imges representing the wafer
before and after stressing, and wherein an unw apped
11.  pAhs systeap a¢oordingrioudaioh K wheiesptha yedunBstreFéing destibrochn apply
¢ ?C@%rdin to cl a'%ml wherein the displayed map
stress 1, thE yaler Y TReaRs O YACH gy PESHir f ace defects on t he
wafer. 9. The nmethod according to claim1, including
di spl aying wafer quality information of surface
12. 1 The Byseoss acoppding tqulfamnlég inclusing wetioyagoatrollers &9 control
adjustm}l{:gﬂﬁg’ Wa frlo@hd rgﬂltioi]fzgly ﬁa‘_teSrXﬁy& S (ré)rlficetl §pe_ct| on o_f
Si 1 con wafers, conprisrrag: aVacuum stréssing device
securing a silicon wafer in a nount; a |aser
illumnating the secured wafer with twy_ or nore beans,

13, \hBs gystpnyaccprhingstoickam; 10, yhetsunthe phaseshufting hend comprises

three geragpgpq;@[exfsrag_gghg@@orge{ﬂeﬂm nation; an inmage shearing head

formng an I1ntertference fringe conbined beamfromthe
refl ected i mage beam according to opti cal

[ f try: h ifti head spliiting the
1. BhEPHEE Bebihie B sPB0D. Bty Bt SeltcRtonhe v o
profilédtyl 3Veicad basRing Mibiférefcd tB&lﬁlﬁd&ﬂ»?"é@iﬂnYnfg e WakercRfRRAIMed
beam cameras_acquiring i mages of the four phase

downwase that pachipeind op thecwafensurtagepiodiens an interiprpnes signetand

framel BacisnSh M hoesd BT 1000056 s B PR peBR 67O
deterntiheswrfaep hie¢ight profilpped phase map, indicating the

| ocation of any defects on the wafer. 11. The system
according to claim10, wherein the vacuum stressing

15.  deNd §RtehPdtcaRtgio chithadswhéreintBe WRERE oPihe WRAAS Blofiled by
vacuum pressure, ’

a confocal technique by focusing an optic lens onto the surface of the wafer and

continuously measuring of the lens position to determine height variations of the surface

of the wafer.

16.  The system according to claim 15, wherein a piezo-electric transducer is used to

move the objective lens to focus on the surface of the wafer.
17.  The system according to claim 10, wherein the image shearing head comprises at

least one beam splitter and at least one mirror for shearing the combined beam according

to a digital shearography technique.
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12. The system according to claim210, including notion
controllers to control adjustnent of the wafer nount
wo odoaviweal |y, laterally, and vertically. 13. BAEESG2004/000039

system according to claim210, wherein the phase
shifting head conprises three beamsplitters attached
together. 14. The system according to claim 10,
wherei n rough surfaces of the wafer are profiled by a

18. vditeisgsttmscemding ¢p ¢lainetd, ovierie thegdhse shifengd e slcamprisey

optieg 1 a8 ol HEAeq PtiRC SOl FiRers Ben Anitsign aPrese
four rbdlamRSpHake M frREE pARrAPdAricRsECoft fdR frda BB RaRES

captured and processed to determ ne surface hei ght
profile. 15. The system according to claim 10, wherein
t surface of. the wafer .i rofiled by .8 confaoca
19 df SPicrR SNk Do £ incudbhe’s b€ petovih £ tienie
lens selecttd erond st itMellingE A iniaBHRUSAfoWASH ielDwer bSutitht, a
position to determ ne height variations of the surface
macrjleng with wgiession thies fppgerip) sutamptic measyreneent on yeryismallzreas
. ene) -Dj - ciric.tra ' sed ADV-
with Q180 Sh IRl BB o bl RS RhneBod RSt qpFRAGe
lens. wafer. 17. The system according to claim 10, wherein
the i mage shearing head conprises at |east one beam
splitter and at |east one mrror for shearing the
c .
. R R D S P s P EBUBRA AL phase
shiftinprhead gretaontained on al inmigy seperatd Brpmn thOyaonbmrseessitghdevive s evoid
§hifting head conprises optics and charge-coupl ed
(8vi ce cameras for sinultaneous phase shifting to
generate four real tinme phase shifted fringe patterns
characteristic of defect induced anomalies. 19. The

21.  spJnethodifar detgrting dedects injarpilicon waker, compriping:t urret head
. . | .
eddbufh gtﬁgﬂrgmﬁa&aghﬁé wiEREn B8 WAHS bR B 4 hidlunt

i ncludi ng arr 1 magi n
attachedbtsuvasmemtchamberpacro | ens with extensi on tubes for

serial .aut tic. ure t on very small areas ith

oypaging the Bacl Sidk o8 eyl (o coRerent 1gses Deas Beavefc
polariZation sehigeiigditRtsed obj ective lens. 20. The system

according to claim 10, wherein the inmge shearing head

agrperatiag BHage painir ehargtenistieiofdefect-dniugedhangmatiesin the wafer
in realﬁﬁﬁ@fl%tfghfcfiéiml Elﬂ:?irovg%lﬁy "Tha Er{s?aiﬁnggus%%\ﬁéecs%iﬁigg gb’t?(':sq)y:

measuring the surface strain or the derivative of out-of plane displacement

vibrat

with respect to an image shearing direction;
subtracting phase shifted speckle patterns obtained before and after
vacuum 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 fringe patterns to generate a phase map
image of the wafer;
converting the phase map image to an unwrapped phase image showing the wafer

defects;
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vibration. 21. A nethod for detecting defects in a
silicon wafer, conprising: vacuum stressing a silicon
waowadogn72esherein the wafer is nmounted in a nounPCT/SG2004/000039

attached to a vacuum chanber; illum nating the back

side of the wafer by two coherent |aser beans through

pol ari zation maintaining fibers; generating a fringe
pattern characteristic of defect-induced anonalies in

t lgenaratingrwaféndefeshbtatisties, depthe, gt latiajonsabnd hear ogr aphy

and j nst ant aneous phase shifting optics by: . measuri.n

¢ Aplayiedrededsaisind Yilistiedn a g doniour B g9 tge Grepsion
imagedrSPhafifdyENt Wi th respect to an image shearing

direction; subtracting phase shifted speckle patterns

obt ai ned before and after vacuum stressing the wafer

I Qadi ng; .and si mul t.anequsl enerating in real ti.ne
22. 1 3 mifliod BOQwTPE S IR Aot Bkt e bt Pl teriZE by
one oPMBFRIL] 186 pEaiticiof tRE HEBELIN BRUSfE) BB ShetY dftthd\@efE@2dhid the
rocessi ng the generated phase .shifted fringe patterns

SiZBOFﬁleg‘éﬁ@Fate a phase map image of the wafer;
converting the phase map i mage to an unw apped phase
i mge showi ng the wafer defects; 22 WD 2004/ 072629
23. PChé meoa4¢odiog S clgien2t,ailierggn wafee surdak@ad/os subt-gisface s,
depths, gnd | ocations; . and di splaying,_ the defects and
defects pierdetected before & Wakea SebriCAVRIRIPCESR AT AT FEAMATORPRAEH
i mge on a nonitor. 22. The nethod according to claim
21, wherein each defect can be characterized by one
24. oA muthed foi measingeuifa¢eonuginessd addfcontwafer, comeprsiigr |

t he shape of the defec an e ize of the defect

 ifectRER Sltres s ool A fods Wer oA Surfios EF TGRS Ghter
throu%lliefnfo%j‘e‘éti%‘ﬁﬁs)moﬁﬁt@d 8l b fpaz6-cledafctdnsdaks detected

efore a wafer fabrication process or a

i ( [ waf er
r Eemingonophas gubiedfringo patternsfisem dhe intsrferangs of Jighy reflected
R . waf er, conpri sing:
from tﬁ?&ége? ?‘h‘g&gg@igﬁi@?ﬁ ™ égllééf b%glgfn froma diode |laser to
apmuesking ¢hedformedphase shiftedafringe patterns to generate surface parameters
and surface topography images in two dimension and three dimension; and

displaying the generated images and parameters.

25.  The method according to claim 24, wherein smooth wafer surfaces are measured

by an instantaneous phase shifting technique.

26.  The method according to claim 24, wherein back side wafer surfaces and
backgrind wafer surfaces are measured by a vertical scanning interferometry technique or

a confocal microscope technique.

27. A method for measuring the flatness of a silicon wafer, comprising:
directing a light beam onto a silicon wafer through an achromatic doublet lens
with clear aperture equal to the diameter of the wafer, wherein the lens is concentrically

fitted at the top of a mount securing the wafer;
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t hrough an objective | ens nounted on a piezo-electric
transducer; form ng four phase shifted fringe patterns
w0 e@antdeed i nterference of light reflected froPeT/b€2004/000039
waf er surface with a direct reference beam processing
the fornmed phase shifted fringe patterns to generate
surface paraneters and surface topography inages in
two di nensi on and three di nension; and displaying the

genBimating andreefleetingribe dizecteddight beamp backTiun thetsytface of the
cordi,ng, t | ai m 24, wherein snooth wafer surfaces
waferzﬁr@uglgglg%og@eﬁsgp,an i nst ant aneous phase shifting
t QEB&ingUBe refiBcted HEht el 9fto A6 GRNt At oksphasedhiftidd system,
wherei n back side wafer surfaces and backgrind wafer

wheredu theaefdestesrlightreessuinteaterss veith/edirect heans am seéprence mirror
o o BTSSR o GO A5 D 836 2

Su ness of
a pfdckéstpimagéciom ﬂm&ig‘éid@gﬁled deied cangeras tbifgldtthdfianess
onto a silicon wafer through an achromatic doubl et
error pithe wafgr sWfaceear aperture equal to the dianeter of the
waf er, wherein the lens is concentrically fitted at
the top of a nmount securing the wafer; 23 WD

28. 200dt1hE@ 6t AefeCiigSGBA064410 O8I in g silicomwaiengompdsing:

reflecting the directed |ight. be back fromthe
& Shor08 B - e A Suigh Ciflel o Biedpier BRpgieler
digfr&&ink e $HRSreld K1a9 Bbfifls bhtelihe HBABR biNY Qlidh wafer, wherein the
i nstantaneous phasé shifting system wherein the

waferighdtsubject 1o exfhmalstegss;i nterferes with a direct beam

from.a referenc i.r Q ' e

¢ PRy RwShg e ek B alo Qpb LT bELE WEh B oteratir
the beaid hpveonssedithiguginig@afért om t he char ge- coupl ed devi ce

caneras to find the flatness_  error af t he wafer

s frpdrgean erferengeirings Prign @& thedpieHrof RS e anet gt deras-
coupl%d"de@ic%! cafnER k¥R inte fakiatioWd: fromt Qﬁ;ﬂﬁé_e Kf&Bnck YeBWeen the

eamw thin an X-ray drrgital shearing interferoneter;
shearedibeamsj ng t he sheared X-ray beans onto the surface of

a_silicon wherei n.t.he wafer..is, nqt subject to
o piavrie SaiPl Bl WFER A B d wRls T i ERe (o
interféib@afir@tnd- ray beans with each other after the beans

have passed through the wafer; . i .
displaying nano-scale defects in the wafer as abrupt wafer image intensity

changes, wherein the image intensity changes reflect phase variation differences.

29.  The method according to claim 28, wherein the digital shearing interferometer

includes two parallel thin plates cut monolithically from a silicon block.

30.  The method according to claim 28, wherein phase shift between the sheared
beams is obtained by passing the beams through a transparent wedge plate, by passing the
beams through a rotating polarizer, or by applying an instantaneous phase shifting

interferometry method.
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formng an interference fringe pattern of the
interfered beans at an X-ray charge- coupl ed device

W@ 200e02263howi ng i ntensity variations froma phB&SESG2004/000039

31.
by tra

di fference between the sheared beans; neasuring
spatial phase variation differences according to phase
shifting interferonetry; and displaying nano-scal e
defects in the wafer as abrupt wafer inage intensity

c Thagethodwheording td tleinm & geherait &rspatyal phasegesaticafik detected

hase variation djfferences. 29.. The thod accordi
belatiedhpaer el fireqfieny wgw&a@c'ghreta?ﬁ%%-my bearms, withs

compﬁth@d’nerfléHTﬁfg r includes two parallel thin plates cut

nonol rthicalTy froma silicon block. 30. The nethod
according to claim 28, wherein phase shift between the
sheared beans is obtained by passing the beans
through a transparent wedge plate, by passing the
beans through a rotating polarizer, or by applying an
i nst ant aneous phase shifting interferonmetry nethod.
24 WD 2004/ 072629 PCT/ S&004/ 000039 31. The net hod
according to claim 28, wherein the spatial phase
variation is detected by translating the wafer in x
and y directions, perpendicular to the X-ray beans,
wWth a conputer controlled stage. 25
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