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%n uf acturing
e management of processing costs of silicon wafers, including the control of

defects (at sub-micron size and espec1a11y 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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contents of which are incorporated herein by reference. The Langley inspection 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 swirl, cluster or random particles, voids, scratches, cracks or damages
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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 .




prefer designations such as "crystal originated
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o

Digital speckle shearing interferometry, or digital 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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instantaneous phase-shifting shearography and/or holography. The method described here
relates specifically to semiconductor wafers, but can be generalized to any other samples.

Omne 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 ficld measurement of the wafer surface in few
seconds. The serial automatic measurement on a small area (approx. 1mm 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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surface duality of smooth surfaces such
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oot o YA R SRR P BRI e
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shifted beams and computing a wrapped phase map of the wafer from the acquired

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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deviceKLA tenor instrument. Figure 2 is shows a component
di agram of a system for inspecting silicon wafers in
Atigoe 9aR6®s Wh EXenilarg eTEH B Ym SRS the .
invention. Figures ng and 3B sﬁ@%q%%gg@%ngenent of
g‘I“E d0 F’é‘?‘yfdﬁl oek flowiehant ingorpomiingrad exémplagy mpihyd for
inspecE s8R WaPLS 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 2 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 -
according to an exemplary embodiment of the invention. . | ' |
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Figure 4 shows an optical head including an

i nst ant aneous phase shifting head and an inmage
weheawirengohead. Figure 5 shows an al ternate enpowiSceei/ 000039

for an optical head. Figure 6 shows a conponent

di agram for measuring the flatness of a polished

waf er surface in accordance wth an exenpl ary

enbodi ment of the invention. Figure 7 shows an

exenplary pattern of |line and area scans for

HSRP G A

vV aGaMEE gtk Ry a cBRpheRbastl Q}H'Ié?n ?orslﬂ% r ex?gl‘sdﬁ&iﬁl@zlf@fs

waf ér reclamation process cycle
accorgingdq arf ¢xswpddry embiodienembof the mvgnmm enchriitga yensedt ivad f or

conmétp %.{ll orger#l%& " ea@p Gﬂﬁfi o i a%{@lan sé)?up%tmgp@qﬁ%for
shearﬂ;grﬁ] ﬁEaﬁJfoﬁnﬂfﬂgaeaﬁmannﬁﬁgsﬁsﬁ (HBERCH PurtR hod 24 1o

unpolished silicon wafer in Figure 11A
hold igwsingWatiess a vacupnysiressing é:vies ki, and mzeas Mvmd rchaysmrstagesa
r fromFl 1A after
Theserﬂ1ﬁ§r9ntq1%£€ﬁcatn1§ d%%lg?éqfre %n%g ﬁij 19 Bcglm » R PQWgF supply, and
contral BEtimuﬁGsn tThelsbgpor ﬁeah?anableﬁédxﬁﬁmétgdlgftalﬁh&%ﬁﬁ dyding
surface defect displays for a FI con

hologEaRbrpRa D Wik ips{at R0 Abat; SEIHOE Gptiastibatimmaewitomgut of |
plane WisbBedricl i) AR AION il BRSTERLESE SFhBusc hOES »

13C show ng a S|ng
direction nhdsimpltameduslFirgnordssfodi3Balaime pidke s}hﬁm ﬁﬁhg@s single

<P b dce 12 ghosed e i vfopmangm

Foyi 8w
eI oS40 OSSR S il

attachadty Al vapue storniper| @pltcmatmﬁemsaiﬁgmmﬁm@ahmsm as
[ cQ ter-based em for
pressufe B el ek S PRI R 6 1 BT SR ary
mlcrovaw‘e stiessivgican be ufedl vithten détRidting ﬂﬁinttﬁé ﬁﬁre%ﬁ';e.l!&ﬁﬂfeslﬁ?ﬂﬁ
CcOoNsi a‘%‘i{ﬁ of. an i mage sheari n head 6 and an
embodimyis, @%ﬂ?gypfﬁslw L Spmierpyava eieessive easybe usné 4o lonaflyt dheess
the Wafei’@%‘r ensl aﬁxﬁfn‘fﬁtf&%ﬁ@@tjﬁm&ﬁm PHASEarR S §edi09 nibodl e

fringes, a turret
defects. A change in vacuum pressure induces stress concentration at the vicinity of

defects in the wafer 5 and reveals wafer defects and voids in the form of flaw—induced
anomalies in the generated 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 siznultaneoué and real time image acquisition, and an instantaneous phase
~ shifting assembly for implementing phase shifting with respect to qﬁantitative fringe
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hol d i magi ng optics, a vacuum stressing device 12, and
linear 14 and rotary 13 stages. These different heads
wortdodeiztes are interfaced to a conputer 25, @CEGER004/000039
supply, and control electronics. The sensor head
enabl es conbi ned di gital shearography and hol ography
capability with instantaneous phase shifting optics
that neasure the out of plane displacement and its
analygisr Whileiapersonalreoaiputar 25, with An attachedmonitoram s¢raemy26, is shown
. —.Shear| direction and si,multaneousl| ecqr.ds. four
in Fighe 24 Pns BiesGERe ot f P o iR P G Tecmtite or
systefn} BifSHbOGsidL e dod HeSutMSEPwiRowR B AcHBe Ao thE Rtvdhtive
vacuum pressure on the wafer surface %, with the
Tfeatuxgg pEthe sysiery end ednobef ¢omntgjed to the inspestiomanpatatusdhraugh ard: o
.. T he.vacuum chanmber. Alternate er | oadi ng or
wnmé’trF %égﬁaﬁégjmlﬁ%?%oa%ro%s&%e&\gg&, Brrtgg fe stressi ng, thermal
St Bipeid12) thSdibe Rberi INdoipled SrithoMiRr? thdodchAsddllbadies arittam

m crowave stressing can be used w thout detracting

splitteragsemblet produen heams3dg dllipaipatgthe disfuseowafovsutage §. One of the
sides 'gfjﬁjl Wafh & 1L‘. éﬁﬂ%@,@%@ég&rﬁt{%ﬁ&ﬁpﬁéﬁg é(g{r%ﬁizll ?)? gfe%cl%atmn

used to loc
processl tA piduind onepsadrveaferdurfate 5 isiedel dithisedan hatuah@cin etched
on-size defects. A change in vacuum pressure

surfacey dematie elghe afafer seiens liclpsie mepsyrietapd getecting sub-
surfacdd Sk REls _%y'a'%RE&?e M@Jrfé?on??tﬁe ?iecfx{gi}’}ﬁ@l PhRuble iflEhGRNSn ﬁﬂ)@le _
' eformo aw I n t he

voids int ced anonalies In
showrymridgue ds ddaptegido phtnviaata theTdvefate ofthe wafetr Senore ugiformly.
: t by th [ f t t h t
The <R MLl PSR HpbUbe el FRErDY A taris oy Sdkoe by
7 (sho®n o Hethil inBigere ) AEESEH MO ST DEABE 1RBd hahe er

.25. Accordi n&léy, a System and nmethod i s provided Tor
shearipg bead 6 Gag by afdivhelsen-tvpe shearing dpeee.icomprisad af\aaolasizingbeam

ol S A AEL PR SRS B 1, v

chargd-conpledgieviog enhieraeGhawd imFigasnd)axpased inge estmtaibohophase -
t hi ckness

. asuri ng defectsg, surface topography, . tatal
shifting Bepd,{ F%ﬁ?uﬁﬁﬁowﬁ&f% OBt rephume ahise-shifief fapesss The pharge- |
| . R .
couple BFich Biih iy Y Rt i) J08S S0 Cifandify, e BOfiRELed
to an itniagepronesgiag doapdiof ithd ampuzar@Sdor calkadainp alrephase gisaibation at

e TR F e e a1
phase ggﬁéﬁﬁ{l 0 4R proddka by 8y Ssind W dbBcAe S féﬁ%io@iéﬁwt er

, an attached nonitor or screen i's shown in

~ procesgyrgwhish displays thicrvgrappeshihase sl rgalltiveraorctiie menithe26.
Alternétﬂ%ﬂl? gl er%pasao%@%ﬁ?rtgg—sr’co%leé Hgvi(i:ené/a%]etrailsvc%n be used, as discussed

~ below with Figure 5. o ' :

 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 rea} 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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system any processing device can be utilized w thout
detracting fromthe inventive features of the system
weandogEe2be connected to the i nspection appar atPeI/SG2004/060639
t hrough hard- wiring, radio transm ssions, across a
network, or the like. In Figure 2, the diode laser 1
coupled with fibers 2 through a collinmator and beam
splitter assenbly 4 produce beans 3 to illuninate the
unwrgpihg) Serthen fitterisgicdndmeapblieddoe smbothing andirekasviag thehedfects of

watfer 5 |s ground,. |apped, oy etched prior to the
local 3pg glohszl {fting and hending o thsiad wafEn &Qﬁ%ﬂé@d@rym Okthe wafer

. - ' i ff i A
ispl GBSt ] 356 CoplTRh sl 8 EnduBoP 4, S e
locationys 6femg dofeotsl ps i n measuring and detecting sub-

syrfac fects, by a speckle.interferonmetric
t éﬁﬁﬁ‘fﬁgﬂg_.em%ﬂ«a%b Vecum HEPIRg dSiFentoeen eirgtwediand
@@}9@,?- 0
transl\%ig? E%t&%ﬁ %gfg uni for an‘#e%g An'l‘lj'ﬁg} ng?aﬁgnea?ga P ff"g‘%‘t‘}@lg Plo gehffrm
serialmadakwrements bn @iz @resadf diie ealte¥ snd dlsgo taystrfomindotbihickness

oA L i e 85

furthe? B8RELIG vBRRAPLE ARaRSfa MbvabR! 1O 28Y R%sﬁé&ﬁ?é mBfon
devi ce, conprised of a polarizing beam ‘splitting cube

encodgrs mewitoy therrotationad wed lingas so-volinaies afthe stages: foftwiara epesating
15 an . Four har ge-coupl ed. devjc aner as hawn
on the Gorfifter 08 el B8 haed 3 BTSSP Eorfnt S5 ichu S R B
of theshighd ditthghBadhafr nRaSiréibntemneiGusieytieecord four real
- time phase-shifted fringes. The charge- coupl ed devijce

. cAheimage shparipg head 6 cambensed ipglirgnate pmbgdimeats utilizing digital
SRR PRI o PP RS e
showsths brirtpetieninofamagy stiering hadd foedigital Batogmphy, velech canA

oy, d. ph be. obtajned eit . af .t
utilze She R kR AR PO BIDEICAS B AcaraE edich e nikdrgee,
takes %{ﬁ@g B &S tHE Bid Rterilf) GEAAIM et bRCRDHAL ir(())‘xr‘]}mthﬁ ('iel'lovable

i spl ays the w apped phase in real tine.
mirromdrinddhe tlged migrardpditted yeh plezergletipg teansduner 17. The direct

objectgulg%%%}gﬂ) ot lfﬁ?og ?ﬁ/e' @ﬁro&qg%ﬁé‘ﬁjg%ﬁ rgg oH'%fe,theal%SZS reflected

LSCaéSed ™ Bel GW wi igure-s. & Urtace

from temirarelol will fofm tah éntediéreniceTritigathd MSPatnEQR phase dhifting
directly obtai ned by observing the phase change

head 7 ks agnoapipliptage siaaring Caiy qoREolied by ths niszorqlestaEpnshycer
17 thrdihGPALIATYE finshbcer EORAR B SRADTHOMA BIRCdnBiter

ent ading states o er are subtract'e
25. inreal time by the conputer 25, providing a phase

cARap Ry EPaimERy o1 SRS OR e Mo Ebrotahertidie TiEume S
the miHBIM PR G MmaRtddNRBaietoCRinE it tRUfmAR shefmdehdie 2 pi

phase junps. After successful
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 positionand 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
réfe_rencc beam 18.
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9 WO 2004/ 072629 PCT/ SG2004/ 000039 unw appi ng,

further filtering can be applied for snpothing and
wOtBMi7a6R9t he ef fects of | ocal and gl obal tiltiPag/ss2004/000039

bendi ng of the tested wafer. A color-coded map of the

waf er displacenent and strain field is viewable

continuously on the nonitor 26, indicating the

| ocati ons of any defects. The wafer 5 nounted on a

v ddgemdshows ai ingtadansas phdseshiftitgeinterfeaimetriasdup in

transl.ated | aterall a rotatin ta 13 and a
accordpitd Jyithqricyemplary P%ﬁ?fg?éfwg PRsastre, Wabx SURAE Aty and
surfab@7ab LR Hede ) ﬁesdaﬁfblineﬂrb@ﬁn@b_ﬂ&?th%ﬁ%e—&cﬂﬂn%tﬁéﬁcohnis

~ to performtotal thickness variation neasure
direcigt direughrtbe thoée ndmepolerizing BeaniTipdittprn S0t 3 baidaP afachdieas shown

o L a5 T S e BB TSS g o
of thel a@irbRhét: hedaf viBAtoh LSS alf S Wi H@atn?éalﬁferstslﬂrﬁﬂ%ﬁ gﬂté%ce .

Sof tware operating on the conputer 25 can be use
errorscyg i the eayigonmantad effectiaye feduesdu Ihi beam 29,axsdipassaschiopgh the

. t dur i t he. waf er . neasyy enents and
combiiffiel o ' DS e S snl il ol SRRt o
intensity! Borysiiage shiting inemésmeiry,| the ath @hitdnRnt isSARILGE SRRNY be

and/ or hol ography techni ques, as Shown in Figures 3A

-three ggorgsquatly page shiiteddmages sortbatdhe phegeraine obthe fmagpecan be

_ ar.i f i.qjt £ ich _can

calcul 8l e R el B DR A AP DA DR

piezoedéntrig iatgptatewhich proftidesitint mrctsasniese diffkeacdbaweedmtween
the two |aterally shjfted object beans_conming fromthe

mfem’ﬁﬁ‘}\@@ gasifimey rbe;XJﬁS-;i#aW?Yré 19 pinbodiments phhe pecspnk aystgm, ghe

hase 8hiRing4@in8laRGhédus ichl - | J
Phase befair]n]g27 reflect eozllhafi rﬂg}%ﬁitéﬁgnrlr% ?rggg%g%a%gﬁ%%g&gﬁg%? are
_ phase ghiftedcio theteanizgl valte, e somélinafiow of quactenwavepiatdstindipiolarizersm

0% e fringe at the instantanequs phas
are st SO B0 DR Aol % R AR o e
three roa/pola@izin@beliyh sphierPBO31; 8AETE hdve the ARRINGS! différence, o,
t hrough a piezo-electric transducer controller (not
betweei{Byo pdwivatorsy a3 they Hevel dhrpuglethe s@se path lengtit. her
[ ho i n Fi e wth reference .al so
e A By, Rt B wof ol diree e Sveh T pidiengd
the reférende/ba B i (e ihle ffeiofge: EmBht. Badiro &Rt HpU1aGiFe2BI L
... a digital holography or a digital “speckle ,
45 in theybegm path wEAam 1 bpithiaggics of beear pelarizatiop aeniotdbchisnt4s 1 dved
the pha%eg gll%{etre&gg gtﬂhgéi‘larinesf l:x.e %tyeigtrg u%%grg Igorlz(l)rgze} 20 gtt 13nSOi1} t ee btealullt
path of Arm 3, both angles of linear polarization are rotated by 135" ; and the phase

- difference becomes 180" + .. 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" + .. 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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reference beam 18 fromthe diode [ aser 1 passing
through the fiber 20 and a collimator 21 (as shown in
woigume2a2d are nmade to interfere at the char gercusohzed 000039
device caneras in the instantaneous phase shifting
head 7. Afilter 22 is used to reduce the intensity of
the reference beam 18. 10 WD 2004/ 072629
PCT/ SG2004/ 000039 Fi gure 4 shows an instantaneous
wavephsisecstiics 0o Mher, be intreinting tissolariden4@eci3sdahee is an
W th an exenpl ar.y embodi nent t o nmeasute wafer surface

addltqmmhay: MOféﬁﬁﬁa@@hﬁG@a@hﬂﬁ%ﬂbﬁ@eﬁé’c&ﬂ The conbi ned

earin directe

f h
otttk hiSe of B B PR b b Shibid ol IE G ofpo’
depemﬁg PRRAREh 6E R Do S1 S i TREpEN a0 8A%0,

attaching the thr beam splitters together 1s that
The b:ame ad¥dngage of dliis type of phasc slmifiingtis ﬁmlltolbea/ndj rely ionany moving

or<, il LE L et i
beamd 9411 BEAP séihe 2R tlietmﬁﬁ‘éx%ﬁ& fr g@é"@ﬂl B ¥harpFA Tk 2180 Sthce

beamsplitters 30, 31, and 3 is split into four
there b@awsm@alamcaled;gmes ant mblgulty;d:e ysgEeonshisétup nepd not be

catvnglRy il e ténd iR o2 oAbtk OF e rahify
More6¥er} theéprdbabilipheterordindecedidut Femb1B@ & elidindi€d. It can be noted
cal cul ated. I'n conventional phase shifting, the

that npteglbthe Reamy e senilqrsbutive beans s thegpiner igages 9 theother gwo
beam§" %’fj?eteﬁrfmn\f‘@ %sﬁBﬂ\ﬂFﬂl@% Pleas eegrey ¥1 §3 the c%meras :

erence ween t erence an surene

- CCD Baadrs areHhemnieror mgemhbﬁmmst&}]bﬂ dande. [Hoe semtracyytht émypges

the S tin s Jj nst ant aneous .and
from WPT?&@ ‘E’B J Shf’B Jirreredhefore fgapRing anbuygapping pthe
same.PRRSRuS E!hafrgéiéoﬂ ddeQick %&Hbfa@ @Ol‘ﬁi L& casl be@ erélady' ;ﬁﬁ’el%

quarter wavepl ates and polarizers are used in‘the
pixel resolhtionpin the k and y-asistabeitescosme p highdegraeof pomwadyeans 33

S Sl R &R dR R S P B g GBvic

camerd 87 W@ ilidet éndtond of G ichiadak 9'showaSin (Hi@ite 4/ 'Hi/eedxzet dﬂtﬁk&@atem
the sane_path | ength. The phase difference, f.rom

 setup isiscqzdingly gﬁ@tmeéweﬂe A apsempigedhean ?Hew%jilé@fenan@ar%@n

s 44 R8NP 8 44 AL e Tl o
34. AAjuartdr, wemeprateasﬁg Iphas‘edbfn drierod dre tpol c@nlpalq:taﬂm raftar ihe beim sglitter
a4, o e S R RRE oS0 S b SR
two ccﬁ@b‘bn%nts ?H%%a@?ﬁig?ﬁjhgiﬂédgoﬁﬁﬂf pAIiRH] HALHLH =AM IR phatedidrd
each other and is combined Wxth 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
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di fference becones 180 + a. By introducing a quarter
wavepl ate 41 at 45 in the beam path of Arm 2, a phase
WOi064/07062990 i s achi eved between two pol ari zat POB/SG2004/000039

states and the total phase shift after the quarter
wavepl ate becomes 90 + a. Then, by introducing the
pol arizer 39 at 45 , there is no additional phase
shift; and the total phase shift is 90 + a.

transgyper Savea; ql?gcavaqlgas weﬁlnmmu@p pgowfogal meeroaeppedo pbtemts@efm:e

hi eved
heigth B0l aEboal il ot fho RORE Syithiet s, Biring e hEa@ RGNS thoree:
couplellidbvicoédn®ia inltBe ﬂidﬁhiaﬁéou% Ph¥¥ SR K4d638 used to measure the
PCT/ SG2004/ 000039 wavepl ate becones 90 + a. Then, by

peak intgnstiy irdlefgd fnem the Wafer éénefam@ dduripgghe surfege beight an

h
i, 0% 8/008 S el 400 vv, 4 B3} By
autone:tichliynatplbpto pasitibe the WafdreTbhdkyw tirdoarsapbs THe voffer 5 is

dg endi ng on the orientation of the quarter wavepl at e
scanngd frgpfts q‘?etebﬁﬂ iy quicsedeepnseririgdly at vl Brevels {ip digragyd) to

measﬁfs tﬂehie%lﬁ YRf ks 9&? %}J \%ﬁg cé g,ﬁéqd' the gt%ﬁgarrg 81? -télc o

any novin g ects.
compmmb.’»li;:]mlmlatesthﬁ haeﬂethmhnéss imgltmﬂ by Ilmm\nngarsomyiueto thetilt in

the ro%ry n?Bl\Qq §4 %{ngs%g hg%utg om %%Qe%{:q@en ;%ge éﬁri:gnqﬁngg ders.
MRE Bihes @hbgameﬁe Ss mﬂlﬁ TR0 8 Lthé yysténh EaPYShRmRANCe

setup need not bé calibrated wt her eby
meastringrtbefatnegs phihe awhshedogaferrsdrfn@l 3 a‘bll h¢11r9matﬁc ddviblgh feas &2

vt e byl LAY Bl R PR W R By BRER oo

of the &dfertrh@inb R NMBhelefs 42 pmb@rovebtﬂe viaf& sbﬂams Wile cdllifate the
mrror images,  of the other two beans. seen from

rays f@ﬁbthsé‘gwildwsmn@%t thethsieplicad @ The Aeﬂqqteﬂﬂ@bf d# fromythe
wafer il g%%%éggﬁ‘ﬁm%aﬂé ferks Qﬁ P& whtﬁ‘?geeﬁ e refBUES fA5m

accuracy, e I 'mages  fTrom caneras
the ref%bc&mam 18 (Blpord 2) théormi the mtenﬂerbmfccfrmge/\utah@cmbaacmlpled

[ .of the

i S8 IR S e PR e B G e

flatnesRiak@ brekéit ﬂie%ét@t@ on'thd M8noralshgrithtwd difieRSibh 8hd BRRUI € -
a high degree of accuracy. An aIternate enbodi nent is

dﬂnﬂﬂ@ﬁ@mﬂ?sﬁﬂfﬁil@l&re 5 wherei n one charge-coupl ed device

Rt LESHAREROED AU FRTRERS heABRY

I guré stem

the wa&ﬁ&xyr;ﬂia@g;mm@ sl irejtxdfae ctinpiy nT‘rhﬁer@ﬂﬁby m&ﬂinhﬁam“lﬂgmakes
different, polarizatign state | eaves. the

use of g teglPFtﬁ“@ Ienszil 18 Uigriprrehear o4 o allqv g collBnased beaat toRasths

' fhrougﬁﬁné‘f&ﬁ??ﬁ Rt Waldr surdee 50‘ FhédHb e%ﬁ}(é"ﬁﬁ? th ?stlgnoﬁ)’rﬁed & aced

In one of the two optical path ter t eam

'piezo-dpcttﬁc tremsducer. This is used for measuring the rough back surface of the wafer
- 5 by a vertical scanning interference technique. This embodiment allows various

objective lenses 51 to be 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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34, produces the required phase shift. The beam

| eaving the quarter waveplate 35 has two conponents
wohadd4/aze2onut ual |y orthogonal |y pol ari zed, di f fP€TISGG004/000039

vt/ 2 in phase from each other and is conbined with

the sheared object beamat the beamsplitter 36. Two

speckl e pattern inmages are fornmed at the

char ge-coupl ed device canmera 37 after passing,  through

t Himbpsliments gf the inspentionspstem atiliging ihe ¢pafqoabiegiigueshn a&@

i es. one set taken ef.or,e . and o af ter, stressing
be us}d B il rob B ER ot SR NG B MR
proceS@ihaithitisadvataiFifram itd Mot PRidk RS feactBRnddite RErious packaging

presented in real tinme on the nonitor 26 show ng the

requitgmestsric.g., on thadrdennffla ouilscs 886 pan)i Apphicatias éor sBrart|cards and
t.her exempl,ary, enbqdi nt, the systemcan b sed
hand 8 gGcena5e Fpp e Yoa FRa D BN PRS0 PO aBope Thnner
wafer§ 87 fTRE Bverall gmc‘ésse:lmﬁék/gﬁﬁﬂﬁ% OF tilel vedTer SttRhsaBOwate? Sibefote
12 WD 2004/ 072629 PCT/SG2004/ 000039 transducer driven

dicingjdauickaging. chie nrocessisde gond awayaweksn mateaial on the dselopis afdhe

tal f i ght . radii, of .
waor o PO ERRRLAHEHERAck B o bro BN kil Blonbll€ quatity
contrdl SoHBuBstqdeni pieceSREETRe Wifet 8 fdch $éuphheR @RISEbPWRER tolerances

shifting head 7 is used to neasure the Eeak i ntensit

after bagkgrindingd A wafarSibatiatoa smegthr erdeo mughytill bg corridesed qu o
seciRELL ARERUEIE Spto S She el Aules Bl lERy

being ebiptoyrdsurospdet toughndsh et ssaérel lobativelk owthdweafepisusefabot .
he wafer 5 is . scanned fromits center to its Quter

Embogigral ) be HEpecaa PR Heguar R ana Sapssiem i ey,

meastrGnedl BRI BndsH 8f BREGMd MAfakad 1RSIV RLtatdl At ichfrolled

wafer surface 5, and the software of the conputer 25
automgtid faghaibye thetpiezotedaciric ransdikase fog soanming dooess Woryribindackgyind

errars due,to ti.lt in he reotary .13 and lJjnear 14
water 4 atke e poRF S phowrtbT ek B b Sl fsbie B
 indepeRAERRE I schin loapD} Fej-dRidRcidhaTRAl thras-dEhedldnhlmédsgithrnb,
t he s%ster_n can be used for neasuring the flatness of

capabififys A6 Fotatiual. Waleial and vertigal mption,conwelaf e Waferphigiant.
R ' | '
 Figure Pépwian e?’bﬁ'lmg?yl @tt@ﬁlr of € ahd Bﬁﬁs%tf?lte egraiutﬂﬁn% HRaisee

of the wafer concentrica at the top of
roughneseofmivefer fidlomting8backhend prosesé2whtrainadesvementsarsvaken

5wl [limate th f t he | 1,
perperifke i dattin ot fiSwitef B FotriEamb iRty s Bt et ol are
shown4 dit{ou@Anidi€ or RRleLpatBdart PERIBI WithRAGAbIdMLEME Bf thRQysidiRs

fens and interfere with the beamreflected from the

.Wﬁllai’(@b’m@ﬁd@mﬁﬂﬁ-ror 16 (Figure 2) to formthe
'R Te PO Swb Ulehe %t 8 ol SnGllR E]%Sfp%?ﬂgllg%dvacuum—stresSing

-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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- inspectipps afistepp 3@@ aad 14t capherguied

devi ce caneras in the instantaneous phase shifting
system The software will evaluate the flatness and
wpr2eeeTeé2ohe results on the nonitor al ong w t hPCESBG2004/000039
di mensi on and three dinension representations. In
anot her enbodi nent, the system can be used to neasure
surface topography of the wafer by phase shifting and
vertical scanning interferometry technique. This makes
pressyice The waler 1§ plaedd.an the Macusm dhick A% sealed esingyametring 49, ;and

|.1] d beamto . S . throu and .f acus

clamfld 9 § B30T e EOLoh BRTR A B R Y
NMEpie 9 showsan pxedddarg vRgérre@arh & RMHUERS cycld) Reddndi®8k a

for, measuring the rough back surface of the wafer 5

reproggssige Jeehpolegay on sxentedgalersiduring afrs datrication. vedisussed

R S

c¢hanged easiTy to acconmo

semicndidier deniza saunufighsing héwessedhi s avoi ds use of costly
e m ¢cragscope objective |l enses needed to b

ingerf

'n?eé{r%ié gﬂlgtrﬁtss therin-bipc fspertion of gliepnawalers gt steps Hapngrl 18
in senficEtufor imiuS ?iﬁ“ﬁc&@rdaﬁ&mﬁ éﬂgﬁ{plagf’{ehﬁ@bdmﬁﬁﬁf 'TthF em can

The wa al'so be“a ve y

er surface 5 can uste rtica y

‘be userbtoidetgct sub-snabedddets h3WM0aRB0t s&PA68 Before the wafer fabrication

o R 000 o AR S SR Bt

.waferlf&ﬁﬂnitﬁm'ﬁ@&%ée% i bsh € RoclRHABR BRMstREs YoHrBLesRACKHS isifem

surfaces.” Backgrinding is a process that thins a
can alypbevsed t¢ inspedt wafersuifade quhlity iparssnstars forcudnehathetegistics as

rough 35, @Resb AR A GENRAR BTt Brthecafl of BEpBleSr

subseqirAtholtihd ﬂidii?/d}ﬂﬁé bR ak BI040 ARPLAD Wafr fefdctddrdii e
packages corr espaondi ngl éqthi nner wafers 5. The
higesle bindoyabsequent prpeessing
ordis#d%@[.""afe_r 5 before dicing and packagi ng. The process
s to grind away wafer material on the backside of the
wBtfects ind Rewg imsilisorcwaiersd infwoe strhie doacdagmtion ongthe wafers 5.

L LTI
into arfd@nalicé i e EMURARGAS, THbEAIeRACHRAIChHSHS M picRdR Eged :
that. is too snoboth or too rough will be considered

patterngjnclude: bplisieyes; abluphcurniierchangss aprunt iengedensinnehaygest
and fri}nlgt?d' iRy, " SHAL BESSs zﬁwhlgﬁgsr &8P %Om'th ﬁin%g pglk?ér;? Q-
asure surrtace rougnness at sever af’ ocatlrons*on tﬁe

typicaldeff@tive srafts @f showithidighreddAS Whertdvan Figpe t1B,dor gomlt em
f%ci l.itate a fast, optjcal-based systemfor the
wafers, the fringe patterns show lines of equal ont-of-plane derivatives of displacement

from loading or stressing; and there are no abrupt changes of curvature andfor

* 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 um and a defect of more than 10 uin in diameter are considered to

_constitute a defective wafer. To visualize the micro sub-surface defects and for
quantifative 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
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measur enent of roughness of backgrind surfaces.
Included features are the controlled automatic focus
woRodie2qabezo- el ectric transducer for scanni ngpatisGa4/000039
very thin backgrind wafers 5; a |arge nunber of data
poi nts per wafer scan for good spatial resolution
i ndependent of the scan | ength; two-dinensional and
t hr ee- di nensi onal measurenment capability; and
easily detextiécopaembodiments bf tha ipeaionisgsémnidihe dﬁfectbrﬁurmbliﬂfed

watel 365 HBie ) R GoBmmsn ot olibiedon B aa PSR g1 Frsurtuce
defechl A5 the AULHRP ?f’o%eﬁ;f the waﬁéﬁvasfxﬂégeeeee Qind HRACKA ftdeer

pr ocess, vvherel measurenents are taken —perpendi cul ar
instrumenpfar suifacs defectsh dhedéfect wap élwainedie thel KA t@mmnpmmmt

on ﬂn&gﬁﬁyﬁ hoyein few e PRI e o GO B dempicns

The s%§ 1)% @t @S WHEWhLer sRA @:ﬁy HonPLE oS A0 IV Rty Of

er mount incorporatfng a vacuum stressing
.thousamism(fmicﬂﬂWS met hods such as thermal stressing or

Ti be uti | d 1 f . th
BB PnE R ke o5ERR G RSP
ExempRirfétiBodiints WRIHR inspe& Ry REN- carl B@ u%ﬁ%h&ﬁ%f‘w‘af&r surface
igure 8 includes a”vacuum chuck 45 with a chanber

quahtf |at1¢1 defeots phar@ptefrizahge Aithise-dimensiposlkueprsseptationdi 4k susface

acuy n sho niing
topogfy3fy §pldF b ey Ebe BB i P B et e
depthS@@lsBape/ST defe 3! e dofeoe ohed uhpolRhvd e sitfaca Bthré
» controIT | er ef gr coﬁtrol l'ing tuhgo %WS%‘Z/ 07%629 '

* often plespsiipRybu (eoeral 35} inghapecat ﬂm,ﬂrmgﬂr ayd ipgrdlopmdiked A to
a dcptig F’g ﬁl}f)@% Q\E/i\ﬂnﬁlb Wedhofm i F%%%ﬁ%at g%,gg%@“ Wi diddGetéd of %%e(ffcts

a Clrcula revent any

can v@p ﬂymm:ﬂ foald of. - Thedeptli end shapdofahe defécis ol {ﬁxrthe wafers
| ary wafer reclamation process cycle. Reclamation.

change as t&le W‘Eﬁfé‘é‘é"ég?]i'ﬂ(@ed@é@ﬁﬁﬁ PERSySSohangss diomp lappiag do fine
pohs.hﬂ'gr Ihg cﬁv,ro ItRDpdIERLd RBfer Stk SRURSEHar @? g]g’?gc%\g@ shape

I"al me ers are used as nonitor-or
- at the glufacegnd taper dmtm lderuickloor nyeamidal toanigpthotfaboutd nm, as

* shows] lﬁ?ﬁﬁ%e@ oFtesize @ el fef@a gf% Exe;éf':ﬂ?lde'aaﬁ%ﬁ&@é to;5um
at the §ﬁf£‘c9 oy e Fxéiﬂ'é@éﬂ | 3oLk smé oxsedtgéagm@rpa}a%afers

nbodi nents. The system can be us
of sﬂlsmbwsf@ra‘d;umgdraﬂe@trsclamammproe@w Thd;resst eeontiierablef daceease

. t.he er f at i [Qces 0
in the S0€ el o iech S RO R e e e Qe BRgato be djpe Bolishing
procesReHotRvérthese even these smaller defects affect the final performance and

decrease reliability and manufacturing yield of semiconductor devices.

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

w
=

Parameters/ Rq Rq R, R, Defect Defect
No | Processes (um) | (nm) | (om) | (mm) | Diameter (um) | Depth(mm)
1 | Lapping 192 | 631 | 221.1 | 296.5 10-15pm 200
2 | Etching -~ 1144 1199 | 4461 | 67.09 | - 5-10 um 50
3 | Stock polishing | 1.106 | 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

Ry



waf er reclamati on processes in case of reclamation

i ndustries or processes. This system can al so be used
WORH4Epedt waf er surface quality paraneters f @CTSG204/000039
characteristics as roughness, flatness, and total

t hi ckness variation before or after any of the

processes subsequent to the slicing of the ingots at

step 104. Any bad wafer rejected fromthe inspections

at Thetdefpstion et pang-sizedndividuiisub-sutan defechparticlpsinesilision wafers -

can pfhe EYHEEHY s il B aRRrop Rl nt b BERBR 108 BEARE ST ons
limit&ifbnk bEtheafaRERngth of RYAELPEEI ROV CE. CRRRNRaly e R dBSAIhe

_ %(mt:ransl ating the defect-induced strain
inspegligTcnieratanaistect lanp sizaniofestsiop paitiales abthe waligsuyfacetapd atthe

f ect i ndi cat j. ed (] atterns
watey Yl Bt 1ok RGPS BBS bR bt ke g B Rl o
- hologriphy @8d dRkes &s¢ of BERYHAT X-ra38df 4 Idwid Qva%l‘éﬁ%tﬂt HA *-Yays are
Sonme of these anomalies can be seen in the fringe
more gawerdylbeggusy theyyars sensmitteddhrongle maay &ypea of matsvial wmh low

B S8R Ay MR of 8o B

X-rayd o bwaﬁéeﬁ&l&a@ffoﬂhﬁjﬂe@@lﬁe Riternélr siclu@actr @ feefs in an object,
nd_t here are no abrupt_ changes of

ressi ng;
inclucig & SReAEYRIRG) BETeckisBBNE # siemytip fliagraom gban exepplary
embodiBrl difiAfEXT Eféérféréfrﬁ%}ryag&eﬁ ?ﬁtQ%”'(EF tﬁfégcta ue is hat thore

differentiate goo
is no wyefl dorextemealeatitation or loading/soessinglihe olsitétan bp testedSEl&s :

. IL.n tlonlndust i es ral | e t hat

inspecsiOp G RTRR M el o fort S Sy T el e e s

This phagtofaiaiordfs cAENed bl M sphal FafisticH GBS Rfradh@ lﬁ@éaédfdﬁ‘é \%Qfer
to constitute a defective wafer. To visualize the

56 forrX-gavs. dhis-wvestandmagreeldbe wieiiverindex byumeasuring theephases of X-
ray analysis, a small area on wafer is inmged using a
“macro focus zoomlens 51 adopti ng the phase shifting
nt the eixendpl aieyfepgtiodishent stafwrsin Figurd 04 novantighly gebred abrdye

WO 2Q04/ 07 62 PCT/ S& 00 l'y detected
beams) aErBRARTRAATG cofh ﬁ@nﬁmfgtf)@@w ﬁsfgaaeas' c e bearsage
_ supemémnﬂﬁﬁl@ﬁei%ffﬁf th@y Qe tf:dnﬂﬂftﬁd %hrb@%lhﬁé ﬂ%ﬁ@ro?ﬁfgr T main

: polishing to verify the presence sub-surtface
part is gut mendithisglefromhissiipoon ibliek 43 consigigwf twh @amﬁﬁlqniatwaﬁ

the KLA t nstr msnt
The Iy BE T gl e o B e o AR S e B
perpenditalaf wrmeﬂattle@plﬁhdsa%hi@ﬂ |dif£rh¢t')ﬂr®|§ Oé@shbﬂnﬁh ﬂiéff%uieZ The
defect particles nore than 2000 min diameter. The

spacing petagen the nafred plates 33 e spme i both Rairs, ayiges thedistaapss of
 betwedXAROTHRI-FAirddpIISE S5 Hhe two interfering beams travel almost 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 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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t housands of m croneters. Figure 13A shows the
characterization of surface defects on a silicon
woabeyor262BExenpl ary enbodi nents of the inspecti @OTSERIENG039
can be used to check for wafer surface quality and
. defects characterization. A three-di nensional
representation of the surface topography displayed by
exenpl ary enbodi nents provides a cl ear indication of
diffeshee the phept thift amthodivapbe oftrodedesic (I, obTie a gphise shift, awesge
npol i shed (la ped%@mafer surface 5 are often al ngst
plate 41 G ppe bk oh iy e oRapanifing wethogrqende sdneted
as didcRREH aBHN Tol defecBing léﬁatfa?pha@e QEH%Q)HPEhe ARt 5624 bE Hansied
shown in Figures 13B and 13C. The dianeters of the
in x andfyebitestion; perpeadigulér to kel ¥-rapbdAmsh1 Witk a deppitencmitrolap e
of. the defects found .on_the wafer hange as the
stago JSinE A EPUERIIE 2 CBRIIEE 5 GBI e T6° ENHAERm thickpmera 59
is fed iRBRhEbrishidd €3¢ and@k e @n bEHodgkel Gking Madd{Rocessing
poli shed 'waf er “surface are irregular (or elTiptical
softwars. Jha pbaseatifferancechetweendherays isqgauseddothe spakial vaoiatiombf the

r am dal _t.0 t R of, abqut 5 n ho [
refraci e T 33wl 5B T8 Mg Bpe pO s of BEMter b can
be reveXRU 08 lthe/m¥aitdr®S afsfaﬁ'ibrllgi ﬁt&sﬂ%cﬂlgé hemsatr db2§R chénge of
shown in Figure 13E. Table 1 shows the surface

 refradtigp Bygen gistribysien plong the X-aay paths.con waf ers duri ng

LNy I Mole? CaSsE ' | -
e s s L

described, ii0will hma:»fpgfecialteﬂm;] hesel skilledrig :]itemrt thet (ﬁfﬂ‘i@s gﬁﬁfyi hhade in

. process. However, these even these sma||er defects

these Gmbpdimerts @fl%ﬁbﬂepam&%ﬂw@ﬁw € dSPEY & thedpyensiop; thy

“scope dF %E@"}!s‘fiéfﬁegfih B %B@Adid% aim§ ThEMBH %ﬁ&i@ﬁlfe V1 Ces, :
Tabl e 1. Surface topography paraneters of processed
Si-waf ers - (Measurenment area: 225.7 x 296.7 nm Sl.
Paraneters/ Ra Rg R Rt Defect Defect No Processes
(nm (nm) (nm) (nm) Dianeter (nm) Depth(nm 1 Lapping
1.92 6.31 221.1 296.5 10-15m 200 Etching 1.44.1.99 -

- 44.61 67.09 5-10 m50 3 Stock polishing 1.10 1.32
8.10 11.84°2-8 m 10 4 Fine Polishing 0.851.08 7.94 =
'8.53 1-5 m5 16 WD 2004/ 072629 PCT/ S&2004/ 000039 The
det ecti on of nano-size individual sub-surface defect
particles in silicon wafers o
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can not be revealed by l|aser digital shearography or
hol ography al one because of I[Il limtations of the
waeleneoh of the |aser |ight source. Exenpl aPgT/8$G2004/000039
enbodi nents of the inspection system can detect
nano-si ze defects or particles at the wafer surface
and at the wafer sub-surface level. The system
utilizes phase shifting X-ray digital shearography or
hol ogr aphy -and nmakes use of soft/hard X-rays of a-
| ower wavel engt h. Hardnépfr&m are nore powerful
because they are trans hrough many types of
material with low absorption, and they travel
straight even at the boundary of objects. These
Whatfle §lamed Issause X-rays to be a useful tool for
i nspecting the internal structures or defects in an
object, including a silicon wafer. Figure 14 shows a
1. sohpemiol todhagtaum ﬁsﬂﬁﬁn%ﬁi‘@'o@@mﬁ@bom ment -
utilizing X-ray interferonet he advantage of this
t @BPIRINGg RIS tojagtlicom wager sv@nr%mwe@@mor ext er nal’

t ?@Fﬁ%@ﬁ h9 Etréﬁg&g‘ﬁ}glg\%ﬁfé 55’ asegfeq%h?ﬁéa%hﬂgmﬂl reflected -

imagetmaimafrora mheoﬁre%ﬁeﬂ asaﬁartlma‘éatéd from thi ﬂhmhigiitxdnbe \Naf er 56.
Thi s phase on i s caused hy the sp
v aheasing Jie e fH’S“F%‘F b {AJBP ARG THORGFRg @}mbl%i hegm
according & ucznhédgfo\ﬁfe‘?ﬂ- an i mage of the refractive index by
nmeasuring the phasgs of X- rays. In the exenplary

eqﬂntingréntcomhnmd béam fitgtnue phdse shifisd i’barghby gppyiegphate -
e Kol 1 duced and each is transmtted
Shlﬂ“lgﬂf‘ 9@1‘3 mggpd%ﬁ%mtwo beans are super posed
amd;uhmgemfagéseofaﬁé Rirr pRLY sified bésdididofputihg @waztppw Phasc
interferoneter. The main part is cut nonol1thical

mapo{tb@rwaefersﬁmmélwcamfﬂmg%aﬁ%. sting of two parallel
of PRRTiaR oot eS R PRa ol Ul a otaptp ufBiing e tppton

of anyaiefectsper themdtezul ar to the lattice planes, V\,hl ch

diffract X-rays, as shown in the figure. The spacing
between the paired plates 53 is the sane in both

2 PRhd Methel ﬁ&%rdﬁ?td:ﬂlﬁﬁﬁﬁ AR reif §I¥ré!k§ e ‘Hl@r fs\%@cd?ﬁ}ﬂfsﬁai by .

plates are sm he two interfering beans travel

applicationyd vaeiugn pressise, MigMVIYas:0r tohperaturedy theewafie64
produced froman X-ray source 64 incident on the first
plate 55 at the Bragg angle is divided into

3. tThewasthbd ﬁﬁoﬂﬂﬁgdﬂdzﬁﬁﬂ.@tﬁﬂﬁmﬁﬂm wilet fiobedhEn fdfustéblE€mount
transmtted thrqugh the wa to be nmeasured and

and wherein theowefgr W“ﬂtﬁ%a@?ﬁtﬁlﬂe watzmaliyafl@tewlm a3l vertipalE.  The

two diffracted beans are superposed and interfere and
seen by the X-ray charge-coupl ed device canera 59.

4. The mwtthed attomim@mrtﬁamlr?e fiptter kediphising:he aperture 60

o a&}ed ol g.\g'cr su ca ?(Jetat(fongﬁy,alaterally;ry& \Ize?ttlcaill; esaghdthgtetge :
wafer surface is Iocated 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 o measure the height variation over the entire

wafer surface; and. - - .
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variation due to the phase difference between the
sheared beans. To neasure the phase 17 WO 2004/ 072629
wOGCHHBE204/ 000039 difference, the phase shif rcrsichart/e00039
can be introduced. To obtain a phase shift, a wedge
plate 61, or rotating polariser or an instantaneous
phase shifting nethod, can be adopted as discussed
above. To detect the spatial phase variation, the
wahlenlabife the nothlethickeess vatiaidn of thexwvalery incluflimgretioyging errors
erpendi.cular to the_ X-ray beans 51 with a conputer

ﬁ““‘%BWﬁfgﬂﬂgﬁnwgiﬁﬁﬁeﬁgﬁﬁg a controller 62 connected to
the conputer 63. The output fromthe canera 59 is fed
into the conputer 63, and the inage can be processed

5. udiheqethodgecqdingds skiny 1, wikreindhneclight bearph ars éwd ildst heamse
between the rays is caused by the spatial variation of
the refractive index in the wafer 56. Thus the

6. S4fe fieiHodGRcdIame 168haek | Swiireih iR ethed oP BptialintdRrometry
reveal ed on the nonitor 65 as an abrupt intensity

used toisheag dlerrﬁﬂmt@frmm;c beam istrglegied &fom a Hstringluding Spwhbﬁheamg

interretyb o AL oty Sett ek BB rronheatls VeHeR Bl
interfedletry, d8ffochliRidrostdpy\\piofiliRg, sapBoRgtaphgd by those

skilled in the art that changes may be made in these
enbodi nents w thout departing fromthe principle and

: . . . . Y
. S . , C L
7 gbd byn s QRhE NP ORPE wielin (REBABIR WAL f o o
' beamsld \¥agi3Dthe Q:ﬁageEQeﬁ%Ehﬁ@mewa&m%ﬂﬁe afd AfdyStredshat arlds
Clained Is:. 1. A nethod for %gé n of silicon
where i ANdiIIaRRS BRSSP 15 cglagwﬁlwg{] 8¥¥s to a silicon
wafer secured in a nount; illumnating the stressed
wafer with two or nore Ilght beans, wherein a
8.  r'Ehd methed acaomthgg tchalaim 1,merercim hegtisplayed dnapartesaly surface
d fr ill.um nation; shearing the reflected
and/orsH,E éF gﬁ?{’% g}ﬁﬂ’%ﬁr i nterference fringe combi ned
beam 3 according to optical interferonetry; spl | tt| ng
t he conbi ned heaminto four phase shifted beans
9. abha pethed perasding torglaim %gnqlvﬂlw fisplape watersphy intohmation
-of surfﬁ&r%hgtﬁgzsg G, flatness, andfor 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;

o an image shearing head fdrming 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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acquiring images of the four phase shifted beans and
conputing a wapped phase map of the wafer fromthe
WO/ }786R%1 mages; and di spl ayi ng the conput ed RCIHGR0D4/000039
phase map on a nonitor, indicating the |ocation of
any defects on the wafer. 2. The nethod according to
claim1l, wherein stress the wafer is acconplished by
application of vacuum . pressure, mcrowaves, or
t exiperitordisplay gt the compused W&lppﬁihphasenhpdndm@tmgﬂm dpcaidon of
re| n the wafer nmount is an adjustable
anyd%ke%{snoqﬂ]th% \/\/F1er ein the wafer nount is adjustable
rotationally, laterally, and vertically. 4. The method
according to claim3, further conprising: positioning
1.t Feheggstem ageprdiae éo elatmal,ovherdiy thelvacerma kirgasingidvice can apply
the wafer surface is |ocated
Stressggﬁe&?ﬁ}%%gaglg otglao Hulh ISRy ght beams; scanning the
surface of the vvafer fromcenter of the wafer to the
outer edge of the wafer concentrically at equal

12. i rlthe sysler aecording ia flaim H) inchuding motion eqtitrollers\ie eontrod

cins B B WIS Rl S BB PAERR2Y e

varlatlon of the wafer, including renmoving errors from
nt of the wafer. 5 The method

a tilt in ace
. atbehRCoRerE AR {haherein Br shise ShiEIE bR camerissio
three ﬁe%ﬁ?sfphﬁ@é'ﬁﬁache@to Ehfe; met hod according to claim 1,
wher éi n the rrethod % optical interferonetry used to
shear the reflected image beamis selected froma Iist

e TELIRADRE AP, Bk OARETE s St o

profil@ld:i?;rmvdﬂ@cal Sd’ahﬁxlhg @ﬂit@ﬂﬁ{aﬁ&:’ teéh%'ﬂfu@%?' scilnSd@OHE QRYer vertlcally
profiling, and hol ogr The met hod according t

a
down%#fﬁ sonihpt cagh gpisit gn ﬁhﬁewetgmrﬁé@p@éw i28 intptferencerignal m:l

! f
framebefore an‘f]eJ a ter {Iﬁgéﬂéc'lﬁﬂﬁ?as agéjéa%ﬁﬁ ?el (ppafhce[fﬁ gsroed
. determpiirovefanmlwigls peafifput ed and di spl ayed. 8. The nethod

according to claim1, wherein the displayed nmap
reveal's surface and/or subsurface defects on the

15. \(’j‘lliﬁseﬂélfyste& aca_diﬁmg% Bﬁi}n a6 C\Qﬁé}lblﬁghé ﬁlrfél:@bf@h(]: wa'fé}% Bk by

ayi ngbvva er qual |ty I nformation
a confocal techmque y 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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of surface roughness, wafer flatness, and/or wafer
total thickness variation. 10. A system for inspection
woRego7ea2en waf ers, conprising: a vacuum st r es®PICAEPEG2004/000039
device securing a silicon wafer in a nount; a | aser
illumnating the secured wafer with two or nore beans,
wherein a reflected i mage beamfromthe wafer is
created fromthe illum nation; an i mage sheari ng head
18.  f oFhei systemmcecondmgfte chim 40f whargie tixoptiasanshdftingdead camprisee
.reflected | beam according.to optical . .
optics fad cHatgs;cAupIEY dewic rarieratior PIOTHgRTRsa ghass shifiingig aeperate
four REMNEHESELs SRfed ke pRMEmMPBRR R RIIE bPGB&Fce #¥nomatics.
appl yiﬁlgﬂ phase shitti ngmi nterferolmatry to tﬁg coor{%aihﬁséd
beam caneras acquiring imges of the four phase
shi.fted beans .a processor. conputin apped phase
19, oyesyienaRtiieth A dndidhe b uife e AR B rapayte
lens séleeted Groabz BstRhditidifag AP A ARNORRs for wiBY i)l wilke: Eﬁe%&‘dr@:ﬁent, a

the conputed w apped phase map, indicating the
macr¢ lsaawith gxighsion fpes i gerial avlormatie mgasuwsemerntt bn vEhesnsalkatean

. r.di im10..wherein t.he vacuum stressi.ng.
with QEESBIAE Bl dhdlly P BB R Tl B e 38k
lens. vacuum pressure, 12. The system according to claim

10, including notion controllers to control

adj ustmrent of the wafer nmount rotationally, laterally,

a j : ' -1 0. clg| Q
20. (8 Yo filording b0, DRl AU RTE 0L R el oo
shiftingiiead herconmiteddh e dnit egpatiefromithe vaduensyisbsing dodar tdianoid

. _to claim10, wherein rough surfaces of the wafer are
vibrationo¢  |'ed by a vertical scanning interference technique

by scanning the wafer vertically downward so that
each point on the wafer surface produces an
21, Atretvtged tm dletestingddfeciniol a silicomoraferf compusifi@r ence dat a

i t.he neras. are capt.ured and progessed t
TR sl SRS e sl Hlyte 2 TG R A i
attachet@ar dicigntchadb@t m 10, wherein the surface of the
' wafer is profiled by a confocal technique by focusing -

attlugigatingthe,kack sids of Hie wafer biclvosohergat lapsrdeags through

polarization maintaining fibers;

generating a fringe pattern characteristic of defect-induced anomalies in the wafer
in real-time through digital shearography and instantaneous phase shifting optics by:
| measuring the surface strain or the derivative of out-of plane displacement
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; ' ' ' o
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conti nuously nmeasuring of the lens position to
determ ne height variations of the surface 3 of the
woeaer072d®. The system according to claim15, wearse20042000039

pi ezo-el ectric transducer is used to nove the

objective lens to focus on the surface of the wafer.

17. The system according to claim 10, wherein the

i mge shearing head conprises at |east one beam

s meinemémg N {7 dd:fed:‘tes&nxi’stimnéepnhs; amilotatons;temdr i Ng t he

|ne ggggeacc gl}lar';l digital shearog@ap%‘31181011

ima Jgﬁa%&&m according to cI ai m 10, V\,her ein the phase
Shlftlng head conprises optics and char ge- coupl ed
devi ce caneras for sinmultaneous phase shifti ng to

2. AR cpiidingro gt Y. PRASE achordircmebe Bapksionrig by
one of M}%Eeed'f* ﬁl%?)gﬁﬁbﬁ‘ of {he d“fe@i ﬁ‘tﬂé)wafef‘ St P ok HEI]re@tt aﬁlﬂﬂg

a interchangeable Iens sel'ected from a
.'Slzeofﬂlﬂldgfﬂchg an imaging lens for whole field wafer
nmeasurenent, a nmacro lens with extension tubes for
serial automatic measurement on very small areas wth

23." dirgé hRthodResdtiBmgitd Elﬁfufl 21 OiRiréiN wabQuFadd £idfr SWIRGIdcE
transducer - nounted obj ective |ens. 20. The system

defecta@@dieéﬁcwg befpre p aafer fapricatien piogess ea wgrded troatidnmyotessid
and the phase shifting head are contained in a unit
separate fromthe vacuum stressing device to avoid

24. viAmethodfor nﬁaﬁsnrﬁagrmﬁhmoﬁgmesbadf&cﬁmm wisf g eoripiiding

SIJICOH fe rIS umstreSS|ngaS|I|con
- WFesTing yoahete 1§RE Dean P ad ?fffdﬁseéao # urdackgfagilicon waer
mmug%ta&l%fe%avé En@m\’)ﬁﬁtﬁ’&'ﬂh%%ﬁg triét!r aki ng the back

de of the wafer erent aser’ beams through

pfﬂlrmmngaun Idlasmmdafrmgn gattaripeiram thpeinterferdnog oblightirefipeted
ef ect-i nduced anonalies in

h f
from %‘té’%%é?lg acggvﬁﬁxf,agciifec{{e g?c'ﬁ?’%tﬂh di gital shearography -

cdsBigs St foffalishabh efifte$ finlat bAEErAPiol geheldle su dthélBrs
e surface strain or the derivative of out-of plane

and Suafﬁgepﬂoawaﬁmlmaap&rﬁ twe shyreasiangng thieedieensioaaindg -
A5 A5ihPMhe generated images and parameters.

25.  The method according to claim 24, wherein smooth wafer sutfaces 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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subtracting phase shifted speckl e patterns obtained
before and after vacuum stressing the wafer | oading;
woendogi7osdot aneously generating in real tinme fowcHese/000039
shifted fringe patterns wth defect anomalies by an
i nst ant aneous phase shifting head; processing the
gener ated phase shifted fringe patterns to generate a
phase map image of the wafer; converting the phase
megollinm@Eoe: dod reftectingwhe piirected highteheamcgek Sloovihe gurfdve of the
wafer defects; 22 WD 2004/ 072629 PCT/ SG2004/ 000039
wafepibroueh the,do kmSief ect statistics, dept hs, and
| gl A 1R Rt Wid fieindeli@tiohs BRte ShAASL ke,
in a phase contour” map and three dinension | nHagé on a
whereinnhd eflectd®lighitbeamedtbrdete awith mdiirect Heamdram ar&trenedmireom

each, defect can be characterized b one or nore, of.
to forp an I3iFeTer G LEe th Bk IaREE chifee aumled dovicy FEeTap of
-t ho Aelif€ imagdBftof e citirdcdtiplddtRvRE Icaimbras fo3find theFlatn
ngﬁﬂogﬁggcJ%%Fna toc%$%%ﬁ9%%, whgrein mg?er gurfacaeeSS
error ahthe ovafensbrses. f ace defects are detected before a = -
waf er fabrication process or a wafer reclamation
process. 24. A nethod for nmeasuring surface roughness
28. OfA Biefoliif60d 1A E hanc RAR defdcRdn aQilicRa Wi, Eorgti@igent
| aser beam froma diode | aser to a surface of a
sish¢ariog anaf-tay beamrvoithimam X-opjdigital shearipg interbuemetdr;on a

pieza-electric transducer. . f ' four. i fted
F ARG M POHAE oot B PPl o G RPFRR(E Wb e
waferliShotaabet tofekal fitesyyaf er surface with a direct

ref erence, beam processing the formed phase shifted

f supsgERosingspd nterfering ihs tyashspred Aty ermsatid cach ghgr after
the b thggg%gsgmgféﬁgﬂnleim&es in two di mension and three
i'on; an

I mens I spl ayl hig t he generated i mages and
pdorarieg 2 mterRiencd fréngephtien of cleonttrfeed teamk at an X4ay charge-

coupl%&e[vi(iﬁepcgﬁgo ¥ %Bf\#%];ig{egﬁ rqu%% (Snll%e {%ﬂngg cﬁﬁ’ereg&% Between the

sheared beams;

measuring spatial phase variation differences according to phase shifting

interferometry; and
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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26. The nmethod according to claim24, wherein back
side wafer surfaces and backgrind wafer surfaces are
weeas7ee@9by a vertical scanning interferonetr PCT/SG2004/000039
techni que or a confocal mcroscope technique. 27. A
nmet hod for neasuring the flatness of a silicon wafer,
conprising: directing a light beamonto a silicon
waf er through an achromatic doublet lens wth clear

31.  apdrtmetbodapeatdingiotchém @B awbdrein thd spiatiel phmSevariatite isaletected

e concentrj cal | fitted at of a

by trapiaine B8 atalsrr Rane y drpaiont e RSl jorhs oy bedns, ith a

(mnleg;6§ggg@&égggosg coll'imating and reflecting the
directed Iight beam back fromthe surface of the wafer
t hrough the doublet lens; directing the reflected
I'i ght bean1into an i nstantaneous phase shifting
system ~wherein the reflected Iight bean1interferes
wth a direct beamfroma reference mrror to forman
interference fringe at one or nore charge-coupl ed
devi ce caneras; and processing images fromthe -
char ge- coupl ed device caneras to find the flatness
error of the wafer surface. 28. A nethod for detecting
nano-scal e defects i.n a silicon wafer, conprising:
shearing an X-ray beamw thin an X-ray digital
shearing interferoneter; directing the sheared X-ray
beans onto the surface of a silicon wafer, wherein the
waf er i s not subject to external stress; superinposing
and interfering the two sheared X-ray beans wth each
other after the beans ‘have passed through the wafer;
formng an interference fringe pattern of the
interfered beans at an X-ray-charge- coupl ed device
canera showi ng intensity variations froma phase
difference 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 image intensity
~changes, wherein:the inmage intensity changes reflect
phase varlatlon dlfferences - :




29. The nethod according to claim28, wherein the
digital shearing interferoneter includes two paralle
thin plates cut nmonolithically froma silicon block
30. The nethod according to claim28, wherein phase
shift between the sheared beans is obtained by
passi ng the beans through a transparent wedge pl ate,
by passing the beans through a rotating polarlzer or
by applying an i nstantaneous phase shifting -
interferometry nethod. 24 WD 2004/ 072629

PCT/ S&G004/ 000039 31. The nethod accordlng to claim-

28, wherein the spatial phase variation is detected by_“__

translating the wafer in x and y directions, _
per pendi cul ar to the X-ray beans with a conputer
controlled stage. 25 Er



