WD 2010/ 128432PCT/ 1B2010/ 051855 1 NON- DESTRUCTI VE SI GNAL
PROPAGATI ON SYSTEM AND METHOD TO DETERM NE SUBSTRATE | NTEGRI TY TECHNI CAL
FI ELD [ OOwO]20tver2pe3esent application rel ates general |y tecrhB2ofio/edidssof
sem conductor processing and, in a spécific exenplary enbodinent, to a
system and nmet hod of determ ning substrate integrity by nondestructive

1 equont 1y enpl oy SO BESHTE SEPE A LA G IR ST AT " 5 *°

monocr yst al | i ne ANDi METHABsTONETERMENE SUBSTRAREHINIEGRITY t ur e As used
in I C manufacturi ng, the Si substrate is typically in the formof a thin

circ C froman ingot, and varying from 100 mmto 300 mmin

di anﬁf%”ﬁgﬁ& Dboth smaller and | arger dianeters, as well as other
geong s a Y

g i O e RO R e T P R
ot hera gpkeifie Bkﬁhplﬁ@n&rﬁlmuﬂmeﬁtpfosa sysmharai&nqhbdiraﬁdejmmﬁamg stietatd iategrigomt @imed
in Goup IV of the periodic chart. Further, conpound sem conductors (e.g.,
corrpd{?ﬁ"ﬁ‘é“’&‘? testisgent s, especially el ements fromperiodic table Goups I11-V

and L}{’ﬁ%{% seen increased | C manufacturing activity in recent years.
Rductors are frequently used for manufacturing I Cs used in,

U0 TSRy ok RS ES GOBL BT BTG T

Addi tlh&gﬁkddw,lrcﬁ@@(l@@)ﬂ&Q[Uﬂlbﬁﬁylsﬂaglnﬁ&ﬂﬁbh aliisstiatedias aSmlfBﬁﬁ lexangatuetur@ As used

poI yet hél ene-terepht haI ate (PET) substrate deposited wth silicon dioxide
i rneazlu FieBEBgadR S1 substatsrs WRieHY malpesrmyebs 8 edculitweipo cyisirom éan

foI I d

in “‘?& it R FEETPTO0 A3 ORI DA CRERIURIDE Bho SHERe PN Pt

[ 0003k Maleasarther pegactdcesie atdo ushda) subbtiomtle, depényledmicondactof gptwustherghaCs,

integrity of .the iubstrate S ucturﬁ is e &Etlal in order to. maximze the

yi el ¢ AFhEequeat wiifdra ctarr B eie e 2 WESt A8 Othsictadl scRisPRiie o

det ergyiings ‘dﬁlqu{ ate rﬁ@tfeﬁ% LovhinBl h SHRDUNAS S8R h&HiddikdéhaRC aAhRY c@&p&ﬁfdr ar ed

Depol ari zation (SI'RD) and a conbi nation of photol um nescence and

phot @emmdrmwﬂséc er, odlylpeumip@cﬁ tleowotpsspeanthy dlechcns filonspRiDdidtabledsohpsil-V

t echni re able to c acter.ize. ex it crystal fects ncl udi ng
o o qeddFInESe dniat SRl BB A s By S5 Rhum afoEPoRudn of ¢ hase
t echnlei@ndhayRlayefreQUERt ¢ Xsnidr ﬁﬁﬁﬁﬂa&’tuhﬁg 1CE£6HeH RiTEDt e;iaﬁ@le hegmuspresd §iBgal
substrate to be analyzed offline. Ofline analysis either significantly

del aysoecneng gpirgptionsy ceasepndpefngstlloys ee.g ubbeatds. &Glpﬁ&xT@)eaée pleg bpeasmipg t he
bst d.

SuosriTRShPRIRICY AULYORIL bot A RURLAL e ARDRER i/ bigesece

rzra nu fp@d)}'idtl{ylﬁ@-t@fepﬁ@bl’at&(m Bulptracaekpoditcdvith SMEoAQLEY 142 843 Rl phBaddd3k 051855

cach of which may be deposited with polysilicon followed by an excimer laser annealing (ELA)
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anneal step may also be used in certain applications for ICs and related electrical structures.

[0003] However, regardless of the substrate employed in manufacturing ICs, integrity of the
substrate structure is essential in order to maximize the yield for the ICs manufactured on the
substrate. Current techniques to determine structural defects within substrates include Scanning of
Infrared Depolarization (SIRD) and a combination of photoluminescence and photo-thermal
heterodyne spectroscopy combined with SIRD. While these techniques are able to characterize
explicit crystal defects including dislocations, cracks, scratches, and foreign particulates, each of
these techniques involve complex and costly test equipment that require the substrate to be analyzed
offline. Offline analysis either significantly delays the overall process time of the substrate or
provides results of the substrate integrity only after the substrate has been fully processed.
Regardless, offline analysis is time-consuming and costly in any manufacturing or fabrication

process line.



BRI EF DESCRI PTI ON OF DRAW NGS [ 0004] Vari ous ones of the appended draw ngs
nmerely illustrate exenplary enbodi nents of the present invention and cannot
be consi dwoedioaesdszm ting its scope. [0005]Fig. 1 is a ®PCHARHIND/G51855
representation of an exenplary non-de2tructive signal propagation systemto
detect defects in a substrate; [0006]Fig. 2 is an exenplary graphical

reprqg@@ﬁq@tg@Rﬂ$H@»§qugLAvggﬁgpse for a substantially uniformsubstrate,

t he exenpl ary graphical response can either be enployed within or produced

by tHeoewst eWaRbuddids otihc[BPEhiEideawiRgd BeRYy BXSHERE XdmbhgRMtediments of the
representation of a signal response for a substrate having a surface , the

exenpireseyt igremsionear crrnpddnsen degstlhaiting éts gegilcoyed wi t hi n or produced by
the systemof Fig. 1; [0008]Fig. 4 is_an exenplary graphical representation
of a [B%Nor - Figc diivesrhsigHarerresspiatienoban aeppliey neprdptructing sigadl pgoragatialy st em

of Fig mmkhohggggkﬁiéﬁg gj%gygﬂmexenplary graphi cal representation of a Fast
Fourier Transform ( ?) response as a function of frequency using the

syst qoued] Fi Big. 2iis #Nékemplary graphical representation of a signal response for a substantially
uniform substrate, the exemplary graphical response can either be employed within or produced by
the system of Fig. 1;
[0007] Fig. 3 is an exemplary graphical representation of a signal response for a substrate having
a surface , the exemplary graphical response can either be employed within or produced by the
system of Fig. 1;
[0008] Fig. 4 is an exemplary graphical representation of a sensor-received signal response as a
function of time using the system of Fig. 1;
[0009] Fig. 5 is an exemplary graphical representation of a Fast Fourier Transform (FFT)
response as a function of frequency using the system of Fig. 1; and
[0010] Fig. 6 is a flowchart depicting an exemplary method for detecting irregularities in a

substrate.



[0010]Fig. 6 is a flowhart depicting an exenplary nethod for detecting
irregularities in a substrate. WD 2010/128432PCT/ 1B2010/ 051855 3 DETAI LED
DESCRI PTIvON 2p002843The description that follows includesPCiriiBo/eiisse
systens, methods, and techniques that3enbody the inventive subject matter.
In the follow ng description, for purposes of explanation, nunerous
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through the substrate handling mechanism. A plurality of sensors is positioned distal to the
transducer and configured to be coupled, acoustically or mechanically, to the substrate. The plurality
of distal sensors is further configured to detect both the mechanical pulse and any distortions to the
pulse. As noted in other exemplary embodiments, additional sensors can also be employed.
Distortions to the pulse, as discussed herein, are typically created by the defects in the substrate. A
signal analyzer is coupled to the plurality of distal sensors to compare the detected pulse and any
distortions to the pulse with a baseline response of, for example, either a known-good substrate or a

computational model of the substrate. Computational modeling of signals traversing a substrate is

known independently in the art and will not be discussed in detail herein.
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propagation system 100 can be adapted to function with a variety of substrates used in the
semiconductor and allied industries. Thus, in a specific exemplary embodiment, the substrate 101 is

a silicon wafer.

[0017] The non-destructive signal propagation system 100, as described in more detail below,
determines integrity of the substrate 101 by employing, for example, acoustical or mechanical
signals emanating from the transducer 103. The transducer 103 imparts a mechanical vibration to
the substrate 101. A signal output 111 is produced by the transducer 103. A plurality of propagated
signals 113 are transmitted along the lattice structure of the substrate 101. In an exemplary
embodiment, the propagated signals are received by one or more of the plurality of distal 107 and

proximate 109 sensors and compared in the signal analyzer 115 with a baseline signal in one or more



ways, discussed below. Any distortions to the plurality of propagated
signals 113 caused by defects in the substrate 101 are al so received by the
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output of the plurality of distal sensors 107. For example, an output signal of one or more of the

plurality of distal sensors 107 is compared with an output of one or more of the plurality of
proximate sensors 109 noting frequency shifts, amplitude changes, phase shifts, and so on.

Alternatively or in addition, the propagated signal detected by the sensors can be compared to a



[ 0022] The signal analyzer 115 is coupled to each of the plurality of distal
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as well as the dispersion of the wave across the entire _breadth of the

S

ur f 48823I\heHn anodhar srapplaryesrelodgmenthde sulpdiatcok0 1tip ghaypgiiizedbeth rreagdopst-ed
for , I . r . - X ma
con’ (HOSPMRS ABAGSRTLAE B AGHEuRup B0 Bl i HbE b oyl TEP
r espanskysis withethe systery. Bor £ aubstrate of Gl mteptigceith bnoifomh ptii@dic tiyatalloeul d be
incurred after the substrate is ocessed.or hand]l ed. (Wile. not sho
i e 1§ R OI@&ﬁt_eSé%%dﬁgé%jmtlgmé‘%%?‘ﬁ@u&élafgmd%f‘ 8ECE AR Al n the
substréééi%raﬁie%hher)m{e%)%ﬁirw)me rfﬁfrsﬁt%@a%sﬁag@é&oﬁsq 07169 thelpluAey PG KiRfage Of

defects wthin the substrate 101 alters
sensors 109) per a given set of boundary conditions based upon specific structural dimensions of the

substrate.

[0024] A substrate possessing a uniform and homogeneous structure has a characteristic
impedance that spans the entire lattice structure. The characteristic impedance provides a repeatable
means of assessing the structural integrity of the substrate by monitoring the plurality of propagated
signals 113 as the signals traverse the substrate. For example, when a Gaussian acoustical pulse is
applied to the substrate 101 at a given node, the pulse travels along the medium as a function of its

impedance. The impedance is comprised of the density of the substrate, the distance between



signal path, thereby altering the plurality of propagated signals 113. The
occurrence of defects can cause an i npedance m smatch on or in the

subst r at ew0Qd10M28432r egard to the plurality of propagat e®#C3iIBrad/e51833
causing one or nore of the signals to7head back toward the transducer 103.
Consequently, non-uniformties occur in a distribution of signals seen by
the F}h&iéé&héwlt@ éﬁ’é sthodtratd Bhdd &68%;:'6}”‘% é?ssp’ch? o?%ﬁ%& rw%thlﬂhe%ﬂﬁétbé% @ss%fmlﬁ@e
recei ved signal distribution thus provi details as to the relative

| ocata spgnabhprilted thigfiewithinithdbauds pediontod thehspegtumial i ty of sensors as well as
t he magni tude of the defect. The relative |location is determ ned upon a
knowd083dt i aReling naywtd dhigo, etmifq:lsllmsﬂlzbstirqty smalmr@pagathrograalmaOQ)rlbb%tr@m @n 109
sensor.s. n.the inte N surf ac altere

mon- dip i P EPUALRerb G o Blooh B MNSIR s Fork 4 p R b ERREET
the dubitanssghepyarpatiddesph0tives dinulaeasih MAFOAE "o aoIOOtHyel Joahittig ®f Si0,
structure |s altered. The altered dlstance shifts both the anplitude and

the phelsenles(bpprdasy pnditionsayeseteneradifor the samuatipndl Nesios deadtenyagon ohthesi gnal
respaiiigl mﬁgﬁsgatgg‘at 'efs%g]}l&he & hQﬁ%g%E&g&Eﬁ% oftid RE&R: actdlE 1 %%% in

t he non-uni e i's sore ecte towards the transducer
103, batrdtteof the sidaosa Mdhqur tbp agatiragresif giaddgbast o saistretels beduatep Ifa)ﬂ; aident(rsee

the plurality of propagated als 1 at Fl [ 0028 erence
now toBaF§4g.b escreaée‘ﬁ‘bf(r)? a%?ﬁ?‘% ‘[‘}%W“&t it 6??5%'%?@&?8 8%1!‘ é?sgﬁﬂe
| T ushhphbRSortRithe %b%&dr@@ku&‘efht%‘%estpbﬁéé%'d@&cﬁﬁg Qifac@ofQIb- %@faﬁ@ﬁﬁﬁoﬁh@@né&'tﬁﬁe

of a substrate. Wien the integrity of a surface of the substrate, here an
Si 02 dourldnheoverrtalydfiey theabguibs smasesssetive hgndléd o@Viote ndishewbdirealtyea senikirt er ed

d d h t i st bet d
o thirneh e e BaTL ROy pk Eo G ﬁﬂ“%ﬂ@%ﬁ%ﬁ% B0 the lattice
St TUSHHE CANARERAURLIE AL | V8P ANFRNA Rl APARR Gl BLORR 41y

shi f tin € response e si en neasure

2010/ s@ﬁnﬁaﬁaﬁé&&ﬁ QIR RSIAE plarBity of propagased s‘lgmﬂas [SeeTHeiggcurgnee h éefSttg oad
will also be reflected back towards the source, while the forward

pr op&gHts Agmpsdancgintipmafsl an gh nihe sphpseted 04 moth tegard. to [dmﬁgqa#t%ofrmﬂp%ﬁteﬂor m
Si 02 E%rféﬁel l%ﬁuﬁhgb‘nlp] ShiEalerd MR, éé‘?(lsrt)o HYd | bR aaidle thfddtgtigace of five

Si 02 ecules In e 100 x 100 rmatri x nD ecule array used inthe Fig. 2
sinuKénmemmnﬁyImmanbnnngsbommlmmdm&dpMDnuﬂegaddswmdsﬁh@phwaEyeﬁmmmbﬂﬂ
S|gnal opposi ends of the.s trate surf rou the arr of

e o and ProdPRET ISR oS8 ataber Sk s ECtsed enmafutbuion e Bonder dafanone
quantg,§ fe%ilv% n&ca@wﬁl bf fHcedfect QAR Q&sﬁe&%@ tHe'leraﬁBﬁ&‘ sbhsoreaanal @srrne %{E'%ﬁi%d%l’dﬁ

the inventive subject matter describ herein serves to ver

i nt egh¢ dsfegsf Theselbidta lat:?élomsedetﬁmmncd]epqmmkﬁqam spafiplgligfibutem, OfAKm]@rﬁélrﬁY edl or
acous qub7 r n%gyggg 12 ghpced in contact with the backsi de of the
substTat'e.”’ AMHEf €S 8 herated that propagates t hrough the crystalline

St ughyA of yf G LRI 8 ADG, AR A0l LREAG Aokt 5 b b8 fiognal
Gt i g

resp nse. poi nt e array can be physica aced or exanpl e,
180 dﬁgrcfserSplé r:mmt phiattpeididloation, dtmdri;tsﬁ;Gedret\{/eenmodest W&hmraatwshﬁqmmom{)f thhe
pul s The di strihution of the panse e bl es stemto,

et eriRESCtTRds aﬁmq Télesétlﬁemcﬁ%tgn%fshtfﬁi Erldieé‘nitirg?erﬁ R

t hat Gﬂrﬁécﬁr%ﬁf??'tﬁe ﬁ@galrli%%ra%% FRR Ele%[g%ﬁf%sﬁ&n"s@h{%a&?@d SHPahiAhEG %t ructure will
alter the signal path and cause non-uniformdistributions of the signal

pr opd@atogdnd:dmsb&mgifaw hEheastlgmﬂ adthsingnainifpeh hubsthtsrie hlop reﬂdmdsbﬁslt mwacdmthe

dor odrs it 18 GVl BrubBrab Rl ey Pl o MG REmBREior (BEIRCRR T s
need| FpsdpagRe@SRASISd13 at Flg. 1).
[0028] With reference now to Fig. 3, a non-uniform-substrate signal propagation graph 300
illustrates an acoustical pulse traveling across a non-uniform SiO; plane of a substrate. When the
integrity of a surface of the substrate, here an SiO; film overlaying the substrate, the surface of the
substrate is altered and can produce a microscopic crack. Thus, the distance between nodes within
the lattice structure is varied. The variation in the lattice structure causes both the amplitude and

phase of an applied signal to shift, deviating from the response of the signal when measured on a



[ 0031] For exanple, in a typical 1C fabrication process, a silicon wafer
under goes a nunber of plasma-based processes. The wafer is subjected to
stresses wotzhioi2eseh pl asma process i nduced by both nonPamiBzmemziBsp f orce
caused by an electrostatic chuck (ESC¥, used to secure the wafer to the
process tool, as well as tenperature non-uniformties on the wafer surface
due tp: ty Wit Al i1chabe I :

non- ulﬁf%%ﬁﬁf?éeegg%@? 2 hsTglg ,S&élhg\glslﬁlesse%ﬂfﬁgggiﬁ%g%gﬁ Itﬁga;lpr)cpe f ?Vgl © %hoe t he
waf erforvidré psipagstseswoanvifirade ee ati@iuatednenptitaicks on t he waf er, thereby
degrading the integrity of the wafer and causing it to be highly

suscdf0291 e The nen-pniferarSikhiphancduasistgulaisd iaMABLABa by ihgigasafa the distancessi ng.
G ven.t nunber , of nl -based .progess. steps. . alone that.occur on multiple
Coot SMienigr HEREDI in MO AR P R iEER 6 e B b BE rh 2Bt b By bl o
det echorftobiizbathetht haipsitudt add phal b€ thesdnsiged SikndlAeopputhizantisiof e sphsBaRs S
prevents a |l arge expenditure of both time and_ noney associated with

proc e5§§fﬁ‘%?gth‘é{3u§8t§]§t HERYOTISRRIOT AV pIiAtiPRY aCTaps {ip SAlicSPERECH (A 9f the gubstrate can be

Conseguems |y dgtecting such defects at the outset of a given process,
cons?@e&gﬁ eantd?)fY’rlé, energy, and noney are saved. A root-cause analysis of

the dgdsnt CRRuDE & PLHIL SnPfary BALAIMAL ALIDAIRSE sBbjcttiBatlBUEL DEARER
recorded and retrieved for |later ex-situ analysis. A’signal processing unit
can peows tevaifgitgnategtity of axbstrato ngpdtfer the meanattcorringiofdCei Ahegchamealsur f ace

The BRaitiesPlnstir ki i1 oG e BAGERP oL M uadrs KRR i e ekket 1o

| ocatth@préfagairy tHteichs chagdthebpAPuF LSNP SiEstrhte QR @RaRaPbf dchsorPbollcdts thy Of
sensors. [0(%32] Wth reference again brief lt/ to FCI#% 1, a proof-of-concept
t est Signs! roprnget Adnidpoipéef thy apay Bapbaplemicatly alkgedrdenaampld. 18@degiees from

ili f t t it f ce . 1.
Fer e SheR L el Rt LSRR AR S F SLOFEDNGRL I RS AU
audi enablantdueaem(todagimiat uf tad 1 dtycdaviatukyoUbAsitaaetc@ tantaihCgiverOhlaar i o,

California), used as the transducer 103. Two pi ezoe| ectrjc sensors

( manUTISEISEORIE 2B MYBRSSPPETE AT SR HersuByratepirystusn WiNplte)ithe signaloath andr e

enpl _ | 4 i i it L k€0 r was
sed A% RE-URRR diAb ot 81 (R Rl p R BASRARED R e TRl By ThARE:

al unmtheisysthm ean meashiragphementegrity ot theesubsFrage, buthpure- dntlpokt- prodebs anddéfesge tapbanas
fed i(%to % Tekt rﬁ)ni TDS 5104B sEri es oscill gfe\%gge (manyf actured by

Tekt rd5Hcied befpre thegwbyfeate. SHEh %y epn sy, 18 BOHHEeh was used as a

f eat f ipterest., The tr r 103 s.repeatedly placed either nm
or 4 T, onPbFE s I oA R Rt S v PR T B T 4T
Sens gllash@CRisy® prost §oa | THees Hons subleabd toAéesdd avithah %hgimnfar@q&s@ fiduced by
conpasi tion of both of the piezoelectric sensors used in the

pr ooftodf veiprEERM ¢lagp forae eaused b ay clspirestaticrbuehk divouscddo seaurithy svaferdo

di st n, t i 1 r {,nt

i ncr gggg@.gg#ﬁg&f ?Se\gﬁ%a?\%tgh@ﬁﬁltﬂg?glg_gﬁf%%ﬂﬁ%%&ﬁgg?\%g%esgﬁ? ea(%d%atggvt%z% di st ance
i ncr gdsechent Wahiaiyd cHauder,slibddqectftiptastmahanmmiformitice tae acsyie (andatressds kidaged

i d whilJe th i tud f the fund ntal f i.e.,. 2 kHz
g r GRSgs SPOBSLPRGE BARFn §ingHe T grodes B piecrsba o G Yigh RS (Frr)
S InalepfARATRS urAPBr AR AKTBRN BRAMNEIBIbR & Il RAUEREYa SRR N

but is“otherwse simlar to the tine:-domal n-based sensor-recel ved signal

r es ponsshagcaghandip® afer pragessdng. AGivien gte rfumidanEplastha-based peorcys sénsfalorlegbatt i on
501 indi cates, .an appr.oxi e 18% decrease in anplitude of t f undanent al
P r eq R RaPER RERSTRIST el it R0 Rt £5 ™ PR R B iné e A& o ey
when shBgraddifiws At AP ke SEagh S f RMBEhUTA @i pmésgpﬂevemq awaye bxpmiiihe ofgathur e
of interest. Simlarly, a first harnmonic shift [ocation 503 indicates an
appr diqendangnoypsaie@wath prercampy ¢ sulgtatgthat pall iaysen wsehsfagteryfyielduency
(not e~t f i ndi I SS n i Q

tr ancatsgr i BRHAR Y B FE G Al FREFPRRE ORMchltls K, Gocmy

Al s0,and ns@eQ Atk dagedroniréotsdauid alabGatdfale &Iectichtlbe aditicRd abkdtial tooadiaktdebpnd

to the 4 kHz first harnonic frequency. The second harnpnic shift |ocation
505 ithe pefeefiren dc sipoydaginaa retHeveduar Btar caris dealysip s AtHNALPIORFEINEUAH @ f r om

the f NiHE & S%Lali tg%yogiégmséugéggﬁlrz%ﬁzing ieﬂﬁer the %ﬁﬂc? ogf?lgfbu%f{tﬂ@%vafelﬁeAn

har nic content o response Is a nction



of the distance fromthe audi o transducer to the feature of interest. The
testing further revealed a high degree of repeatability between

non- consewotzpwer2s43zal s with an R2 correl ation greater tiram1820@051&¥ven t hat
the commutative property exists for sbPgnals such as the one utilized in the
proof-of- WD 2010/ 128432PCT/ 1B2010/ 051855 10 concept testing | eads

dire i ;

br oadin e e g ST SRS doae SO B e P IR e lon Fany

f eat ule€ecorbaacdupdnaceponbestfivem sadhsdfitbd pluraditgdo{ @hsdrhe nmet hod to identify
features on or in the substrate allows both identification of the existence
of ar0X2ir f a&\élﬂbrrefwm@galar’owﬁyit«aﬁgohsa probpi-Fencepieess wins cprdustesldowerify as
ﬁgfefoeoﬁlg%l%{:]edmeig an gleghanﬁai CO nrjcl l{trrgp%% bi 1t gp Elhs (frgllﬁa({él)%eeralr Sai;[nltl?pe ?I‘ﬁlgcgq %1 Wth
det eglubsigutd I(Megwranns kpeﬁﬁﬁd ﬂastaa Slltbﬁtslig’iiaﬁat 90 rﬂV&Va@tfb@ﬁht@Qﬂnodﬁieﬂwbaior at e, for
exanple a silicon wafer aced in contact with the transducer and the

pl ur dransducer (aw&asiuged ‘quca%;hEéécM@ceaﬁamﬁ)h@Cp IQutagna. Gpligpnia pisest a5 the | |

t a
o Do P BELCEPRRS Bt A BB EinthethAR ITAERRRnl SPCiA sy, 55
603, ‘amglmapwsaq wend émploped idvhe plibaity af élstaASendms d 0% s ad3(tenmi siljiconheafsi waxal

can be riet r s | e-frequenc or a oadb nd si gnal
“n e sed &y bs¥rrdts>r10§ Hfﬂaé p'laégéafwgﬁtégbw@y a jod ed&@ﬁ@ﬁ&fﬂr@na%a LeAmMERt o ¢
appl i5atde0rha Bgtph{“ &1 PHOSth&dcst s‘éﬁ&‘)%astf% iftb SaURREYix aDJ § RAIBEREKs bR cHAN be

found in an audio portion of the el ectromagnetic spectrum supersonic to
t he dodnvufasiest ryibisktonixabyc. Baivertdr, €yegme {Sranble wafehnqm@ was Bead sserfeatie

appl i atlons afre uen or frequenc elowthe ectr

(PP o R0 oSS £ Bes hERefr PlhetfOfSod TRy 4 ion MBSt appt § ed
to thﬁte{ccrsgnsducer the response on one or nore of the plurality of sensors
is neasured at operation 605. Although not shown explicitly, the response
nmeasyoesgnt With erewpeated Rig Jesdsdr-iecivtdsigaxlatipoase gmaph 4éG@dRatsgial to
noi se ratio of the measurenent operation. Either subse ent to or

conc UFRRICH oo itian o Bork od dhapigraglestrierienirypieddn the saefetfrsaacentdssbnde i s
prep

R S At T
be baﬁtenbsuinoreasedc (Tmptﬂ@thrmyashifylodammﬁéﬂ indideks that zisrthwd}sgmodmstdasstdr titce, a
nmovi n ve o} bstrate res akﬁ%éb a 1 of ot(Jrﬁ?erf means known
i nde 1é‘ﬂf thefitgt BEPOgH 153aUsRs 31 tas 1? @il eri al

di sclfgﬁ%gﬁ%@equel{cwg@]Z\RHQp@gc@gagém 609, the response on one or nore of
the plurality of senhsors is conpared to the baseline response. A

det er[o03ft i ORecfesriid s FRFiR. Ata RREF@Iric® Trionblorth@FTgighdlecspobsd grapiesorasur ed
response matches. the baseline response I f the substrate neasured response
does ipdicatpnbamopiseshyisdia o frraupraypsiontdn byt igpdiseeise sisnlapio thaEmerdonpaingbaseds

det er i

pr e Ao aF Re Al BRELAl kb8 frap 380 FROS, WL AR ARBRE ATE00R, diftlocation, o

r es pdifd endinated .heaﬁpmeinaméy % [demeae iAamphtidt obthetthedahicsipd Sictjiory ¢aste iirecd ude

can include, for exanple, ner rermvm he substrate fromthe process
[t ne kg ﬁl@ﬁﬂa@q@}e&%ﬂue R n@ﬁ%ﬁﬁ@@%’ tHegibogia) PHER (g o tipmaduegr BB
for rgwask hid a9 Gfors B f%ﬂ{de' (ﬁfmﬂeﬁs@ Sclﬁ%%ﬂ(} af Q0 hdrifdRicQhiff RR&YidGsg3he
substrate for ex-situ metrology f root - cause determ nation of defects

det eahddateOnrepraoxin@tci02o i284B2 B@.’mpmdd of (6 18§ harmonic frequency (note the 4

kHz frequency indicated on the abscissa) when the audio transducer is moved from 2 mm to 4 mm

away from the feature of interest. Also, a second harmonic shift location 505 indicates a shift in a
sideband to the 4 kHz first harmonic frequency. The second harmonic shift location 505 is produced

only when the audio transducer is the 4 mm distance from the feature of interest.

[0035] Thus, Figs. 4 and 5 confirm that the harmonic content of the signal response is a function
of the distance from the audio transducer to the feature of interest. The testing further revealed a
high degree of repeatability between non-consecutive trials with an R? correlation greater than 0.99.

Given that the commutative property exists for signals such as the one utilized in the proof-of-



11 determ nation has been nade of the disposition of the substrate at
operation 613, a further determ nation is made whet her there are any

addi ti onawo=otsses to test at operation 615. |f ther@CanB2eagoiisional
substrates to test, based on, for examwple, a known |ot size, tracking
identification nunbers on substrates, or a known nunber of substrates and a

subs tcroﬁéﬁ)t Gafihé Ife][ads &1?&'%1%@ Ry SRR Xor{Eﬁismﬁ . @5 tf(ﬁ‘ Hixd tHACAR P %%0&(&&?(1

operation 601. a determnation Is made t ere are no additiona
substsigtabsspanst @stl be atfurmpien af theroGtidn of heivehHeattresni angiriase efitle dulsstrate; and

operation 617.. [Q039].If, at operation 611, det erm nat.i on is. made that a
oh bt b i oot bindes SHER i ot B Sheh Madest AR tukihatar y
et hogly GeAhddyiesolatul ARAFA RGN tH sHBiRRMNREN Nht Sizt RN 10¥RES: yhat her
there are additional substrates to test and the exenplary method conti nues

as desdrébednelbover varie0do) A skilled artisan will quickly recognize that the
exenpl &% system and net hod for detecti n(? irregularities in a substrate
W

descrll heMafhyrefapnasdo Ein Pod Bawghartoih doprcss bewerylary nethpdofordetestinge.  For
exa - I C f,d i i, . I :

¢ abr | opy R G, PR BB B0 BRI 28 o LM Bk s Bcddin
cont icdoutact with ke tpmedessaifd thepluaaitaddsdnsonalThoeassduesremtd thaplubeityrefenpors or

to each subsequent deposition and _etch process step, Alternativyely, the
wnt erghoDE SEARhEHRS Fie ParEn s ptsst oL mBEeREBiRoL® dskired shdve.

St 1 eSedaMAYRITShpRERSESS tSh&RcerS %B?&ai&m?awy&ﬂsymﬁﬂf,lt@%{@%’e%@@! As
processes. The skilled artisan wll further recognize that the system and

met haliscossed thereirg dlati dignal neobpovaiatyl of either singledfireuensy vgnabooha proadbasl sagral

met r al tool.s.with very little inpact, on.a total ti t 9. mpasur g. each

walf e (P PO oL JRBGAATIS & Yapigt e B0 g Bol an pih iy AL F

over WuBW A8 udeBetht MeGIricY @r SeQh@ey rdMk el b& BsunB e in REE hbRRE ofkich reference
to specific exenplary enbodi nents, various nodifications and changes may be

made destronagectisripeetiwmHUBCHRTA e degiaspeatignt, ob AR Hibirergasy spie pr highet.

scop f [ ntion. L Een f ' tivy ject
o e aPERERYs 4 HEGTRlsD B rouhe? FRESLIRYY B Shapr e YN By Fer
"I nvenhiaBo'bempp@bpattor conveni ence and without intending to voluntarily
limt the scope of this application to any single invention or inventive

concdfo3]f nAfter thearznehis applicd tn thairinsddaies,ctho ssponst ©042F thmoenhiotiec phmdlgy
illustrated herein (?re descri Bgd i ﬂ?é%‘fbfi cient detail to enable those

ski | 18GCHRAGICAY] 8 CELICP 885 + MAhPRAEIA BV I Hbe i1 ORISR BIFEVETRENE s
may h@n¥e esheand ad 88 b, HBEHAMPRMin SR a kIpahI t8tbHE kAl Pf tAO Fheh QbR
substitutions and changes may be nmade wi t hout departing fromthe scope of

t hi s apestipns bither sEbscqustdip begonchertiveit s uespopscon¢agennivet propcsdet askléne

numer Qus._exenpl ar nbodi. ne diments with regard to, particula

cor coiB0S SRl 7 TR VRV P b PRk A B wevs
NoNn- SRFceRAFld CAsQfisdadea theMIPIRIIIRE SN SHdSHdNES canf K baSXRMIFING: cdiguefionhgy-and
characteri zi E% defects within portions of the sem conductor process tools,

such dg8vehmopgsca Feaski-zpedisulsEite. a QY inE AV CragoAesUbsiie FRSALRSCS. O OF agerigtyeof

St 9N ARLNE Rl indbfendbntlyF @ Rson'dP ALY e dpdiTEadife A0 A s ched

herein.

[0038] At operation 609, the response on one or more of the plurality of sensors is compared to
the baseline response. A determination is then made at operation 611 whether the substrate
measured response matches the baseline response. If the substrate measured response does not
match the baseline response, a disposition of the substrate is determined at operation 613. The
disposition can be based on a pre-determined magnitude of the difference between the substrate
measured response and the baseline response. A result of the disposition can include can include, for
example, merely removing the substrate from the process line. Alternatively, the disposition can
include returning the substrate for rework in processes earlier in a fabrication line or sending the

substrate for ex-situ metrology for root-cause determination of defects detected. Once a



produced from hardware, firmmvare, software, or various conbi nations thereof
The Detailed Description, therefore, is not to be takenin alimting
sense, amiothw/respe of various enbodi nents is defined enryByoLfessappended
clainms, along with the full range of ®quivalents to which such clains are
entitled. [0043] Moreover, plural instances may be provided for structural

el eMefl S8R R S AMR BT ARG RNV MAT b AL AR DG furRher

al l ocations o unctionality are envisioned and y fall wthin a scope of
var i aeseranmatdn nembde whethéreh@re eseaty additentli sohstrdtes tgeese ptadperatonid b ulfethermnd
functional.j.t resented as, separate resqurces in the ex lary.. :

cont 1P SR BR 1 o BREN PRAORS TR bt R 161 Ve CHPBTB e EGEHoge.

Sim | kdbérs G Gk EL Sr ARAKA RGO sUbYraRis QA8 BisElk 1A% ArSdMBkR HESCHpERy MY
be i npl emented as separate resources. [0044] Additionally, many industries

al | i edcthwd of Figed bops berkdaepotatipmdkt My dstumenapiaik & made that there are no additional

train; [ t echni . I thin-fi head (TF
P e A i A U A
AML Cht ¢ ‘ . . . ’  cal
(Ve 03] 15 ity BRRRY, £ Bl R ERIY 1Pl oI RGA 0 Q0 B PERRATRERE™ ©
descrmiteldthedrasdline rddpendee thinckspiacomdthot] eotitimie uf epctdtion A8, redogniiaathnas

i ncludin he af orementioped apd.rel ated industries. Thes nd ot her

vari éﬁ%l%g%ie Wt Bere abmatdinna] TOSTASS Rriastiap MARRERIEY MRiodmopHRYES 25 scope
of theRIaptvd nvention as represented by the appended clains. The
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pul se and an Istortions to the at |east” one nmechanical pulse; an
process step, such as those involving plasma-based processes. The skilled artisan will further
recognize that the system and method can be readily incorporated into a plurality of both process and
metrology tools with very little impact on a total time to measure each wafer in, for example, a front-

end-of-line process.

[0041] Although an overview of the inventive subject matter has been described with reference
to specific exemplary embodiments, various modifications and changes may be made to these
embodiments without departing from the broader spirit and scope of the present invention. Such
embodiments of the inventive subject matter may be referred to herein, individually or collectively,
by the term “invention” merely for convenience and without intending to voluntarily limit the scope

of this application to any single invention or inventive concept if more than one is, in fact, disclosed.

[0042] The embodiments illustrated herein are described in sufficient detail to enable those
skilled in the art to practice the teachings disclosed. Other embodiments may be used and derived
therefrom, such that structural and logical substitutions and changes may be made without departing
from the scope of this disclosure. For example, the disclosure provided herein details numerous
exemplary embodiment embodiments with regard to particular semiconductor substrates. However,
the disclosure can be applied to non-semiconductor based components such as, for example,
detecting and characterizing defects within portions of the semiconductor process tools, such as the

ESC described above. Further, some components, such as the signal analyzer of Fig. 1, can be



a signal analyzer coupled to the plurality of distal sensors to conpare the
detected at |east one nechanical pulse and any distortions to the at |east
one nmechawpealo/psdge with a basel i ne response. 2. The sPysTan2006/02183 m 1,
further conprising a plurality of sengors positioned proxinmate to the
transducer and coupled to the signal analyzer, the plurality of proxinmte

SenS ;53R PR BT il D FSORIcE T s cBELSHASA Bboof STh DAY om of

erein the one or nore frequencies I's wthin an audi o portion of
t he dactipomagretfpe, spet ta bmtakeh inhensyg tsempepdndathabaopi of wivéorusiembolen@reisor

nore frequencies is above an audio rti of the el ectromagnetic spectrum
5. THETBSH OOy e FhaRAeH cLiFsr dPPE YHE Ui Igpngrst Gapp alipisde Paeen wop BT
t o t hge thtangducer as a single pulse. 6. The systemof claim1, wherein the
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14 resource may be implemented as separate resources.

[0044] Additionally, many industries allied with the semiconductor industry could make use of
the strain-compensation technique. For example, a thin-film head (TFH) process in the data storage
industry, an active matrix liquid crystal display (AMLCD) in the flat panel display industry, or the
micro-electromechanical (MEM) industry could readily make use of the processes and techniques
described herein. The term “semiconductor” should thus be recognized as including the
aforementioned and related industries. These and other variations, modifications, additions, and
improvements fall within a scope of the present invention as represented by the appended claims.
The specification and drawings are, accordingly, to be regarded in an illustrative rather than a

restrictive sense.



positioning the transducer to couple the at | east one nechanical pulse to
the substrate; positioning a plurality of sensors distal to the transducer,
t he pl ur avotzgroof284d2st al sensors being configured to be ecugBmdobiisshe
substrate; detecting the at |east onel3nechani cal pul se and any distortions
to the at | east one nechanical pulse with the plurality of distal sensors;
and qonpAiisnNg the detected at | east one nechanical pulse and any
distortions to the at | east one nechanical pulse with a baseline response
t o deyesglis then@ng: or nore defects. 10. The nethod of claim9, further
conprising positioning a plurality of sensors proximate to the transducer,

t he pl. uk abhddystafctipe SxhatairepagenandysSteheiongtaeonid guned defecan asupdtadt, tie t he
substrate. 11. The nethod of claim9, further conprising selecting the one
or nore fr¥fEETOMESISE: be within an audi o portion of the el ectronagnetic

spectrum ,12. T met hod of claim9, further conprising selecting.the one
Rt N Ry B N AR Rt g
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nore frequencies to the transducer as a single pulse. 14. The nethod of

claim9, fsubsttde: conprising applying the one or nore frequencies to the
transducer, as_a series_ of pulses. 15. The nethod of claim9, further
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known- goo i : | 1.t s. 16.
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substrate. 17. A non-destructive signal propagation systemfor detecting
one drsign enadedes eoupléchtoghs plusalitn o edistahsensyrs tepnrapap thicgletrgted at least one

mechanical pulse and any distortions to the at least one mechanical pulse with a baseline

résponsc.

2. The system of claim 1, further comprising a plurality of sensors positioned proximate to the
transducer and coupled to the signal analyzer, the plurality of proximate sensors being

configured to be coupled to the substrate.

3. The system of claim 1, wherein the one or more frequencies is within an audio portion of the

electromagnetic spectrum.

4. The system of claim 1, wherein the one or more frequencies is above an audio portion of the

electromagnetic spectrum.

5. The system of claim 1, wherein the one or more frequencies is provided to the transducer as a
single pulse.
6. The system of claim 1, wherein the one or more frequencies is provided to the transducer as a

series of pulses.

7. The system of claim 1, wherein the baseline response is based on a computational model, a

known-good substrate, or a moving average of a plurality of substrates.

8. The system of claim 1, wherein the system is built into a substrate handling mechanism

associated with a piece of semiconductor equipment.

9. A non-destructive signal propagation method to detect one or more defects in a substrate, the

method comprising:

converting one or more frequencies, in a transducer, from an electrical signal into at least one

mechanical pulse;



a transducer neans for converting one or nore frequencies from an
electrical signal into at | east one nechanical pulse, the at |east one
mechani cavopuolies4sei ng configured to be coupled to the ®albgBriao/e318s pri mary
sensing neans for coupling to the subdtrate and detecting the at |east one
mechani cal pul se and any distortions to the at | east one nechani cal pul se;
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13. The method of claim 9, further comprising applying the one or more frequencies to the

transducer as a single pulse.

14. The method of claim 9, further comprising applying the one or more frequencies to the

transducer as a series of pulses.

15. The method of claim 9, further comprising basing the baseline response on a computational

model, a known-good substrate, or a moving average of a plurality of substrates.

16. The method of claim 9, further comprising determining a disposition of the substrate based on a

result that the one or more defects exists in the substrate.

17. A non-destructive signal propagation system for detecting one or more defects in a substrate, the
system comprising;:

a transducer means for converting one or more frequencies from an electrical signal into at least one

mechanical pulse, the at least one mechanical pulse being configured to be coupled to the

substrate;

a primary sensing means for coupling to the substrate and detecting the at least one mechanical pulse
and any distortions to the at least one mechanical pulse; and
an analysis means for comparing the detected at least one mechanical pulse and any distortions to the

at least one mechanical pulse with a baseline response.

18. The system of claim 17, further comprising a secondary sensing means for detecting any

distortion in the at least one mechanical pulse due to an impedance mismatch in the substrate.



20. The system of claim 19, wherein the baseline response is based on a
conput ati onal nodel, a known-good substrate, or a noving average of a
pl ural i t ywof20suig43ezat es. PCT/IB2010/051855
15
19. A non-destructive signal propagation system to detect one or more defects in a substrate, the
system comprising;:

a substrate handling mechanism; the substrate handling mechanism including

a transducer configured to convert one or more frequencies from an electrical signal into at
least one mechanical pulse, the at least one mechanical pulse being configured to be

coupled to the substrate;

a plurality of sensors positioned distal to the transducer and configured to be coupled to the
substrate, the plurality of distal sensors being further configured to detect the at least

one mechanical pulse and any distortions to the at least one mechanical pulse; and

a plurality of sensors positioned proximate to the transducer and configured to be coupled to
the substrate, the plurality of distal sensors being further configured to detect the at
least one mechanical pulse and any distortions to the at least one mechanical pulse;

and

a signal analyzer coupled to the plurality of distal sensors and the plurality of proximate sensors to
compare the detected at least one mechanical pulse and any distortions to the at least one

mechanical pulse with a baseline response.

20. The system of claim 19, wherein the baseline response is based on a computational model, a

known-good substrate, or a moving average of a plurality of substrates.



