WD 2011/ 077344PCT/ 1B2010/ 055925 1 METHODS FOR MONI TORI NG THE AMOUNT OF
CONTAM NATI ON | MPARTED | NTO SEM CONDUCTOR WAFERS DURI NG WAFER PROCESSI NG
BACKGROUNEO 2011/077344 [ 0001] The present disclosure relaraB20ti@ossershods for
determning or nonitoring the amount offi netal contaminants inparted into
sem conductor wafers during processing and, particularly, for nonitoring
the anobunt of netal contam nation inparted during wafer processing

operations such as polishing, cleaning, oxide stripping and the |ike by
subj ecting a sili cMEIHOBS KOR MOMTORINC THE AMOVNK Odhduct or process,
precipitating netal contCGONTAMBYATHIONHMBARIEDMINTEONd del i neating the

met al contam nants. SEMICONDUCTIOR ®2AFNRSIDURINGWABERoON i n sem conduct or
wafers is detrinental as the contgOORRKSSPRGecan cause yield | osses in the
resulting integrated circuits. Metal contam nation has increasingly becone
a concer g AARERYURD the trend toward smaller devices, devices with faster
operational speeds and |ower manufacturing costs. Met aI contam nati on may
be introduced into sem conductor wafers in a nunber of processing steps

i ncl udi ng waf er poI[DQ@ﬂi]ngThecprwm digclobua cclaty @ygtthodsrbadetemyninger nal

et chi ng. B RSAL et B5me BR g RGPl R B ARG [ on
i mpl ant atdueing peodesidtd A, pRdictinfy] fokMonitoring the amount of metal contamination
imparted during wafer processing operations such as polishing, cleaning, oxide
stripping and the like by subjecting a silicon-on-insulator structure to the
semiconductor process, precipitating metal contamination in the structure and

delineating the metal contaminants.

[0002] Metal contamination in semiconductor wafers is detrimental as
the contamination can cause yield losses in the resulting integrated circuits. Metal
contamination has increasingly become a concern in view of the trend toward smaller
devices, devices with faster operational speeds and lower manufacturing costs. Metal
contamination may be introduced into semiconductor wafers in a number of processing
steps including wafer polishing, cleaning, bond strength enhancing thermal treatment,
epitaxy, oxide stripping, plasma activation, wet chemical etching, gas phase chemical

etching, high temperature annealing, ion implantation, oxidation and the like.

[0003] Current methods for characterizing surface metal
contamination involve contacting the wafer with an extraction fluid such as water or
aqueous HF. Typically a drop of fluid is contacted with the wafer surface. During the
contact period metals dissolve into the extraction fluid. The fluid may be analyzed by
suitable means such as inductively coupled plasma mass spectrometry (ICP-MS) in
which a plasma is used to produce ions which may be detected by a mass spectrometer.
This detection method is limited in that it generally cannot detect contaminants at a
concentration of less than 10® atoms/cm®. Morcover, conventional surface metal
detection methods are unable to provide spatial distribution information regarding

contaminants on the wafer surface. Bulk metal detection methods (e.g., bulk silicon



[ 0003] Current nethods for characterizing surface netal contam nation

i nvol ve contacting the wafer with an extraction fluid such as water or
aqueous HF¥O20ypi7cEMl y a drop of fluid is contacted w t hpCcmaBrab/essosurf ace.
During the contact period netals dissolve into the extraction fluid. The
fluid my be anal yzed by suitable neans such as inductively coupled plasm
mass spectronetry (I1CP-MS) in which a plasnma is used to produce ions which
may be detected by a mass spectroneter. This detection nethod is limted in
that it ghgestiah blpsd@RAGS adéBBYE depihtrueilaamthods) also ewrebencicarédbby biv | ess

t han 108 ato ./ cn2. Moreover, conventional surface netal detection nethods
are unabl®&"{d B?OV|de spatlal distribution information regarding

contam nants on the wafer surface. Bulk netal detection nethods (e.g., bulk

silicon WO 2011/ 0736ePOHIBRAIDNADGIAZ Dedl b gr8idde fordhusicletiPnlyimanid SI M5
depth profil e nethads) alsq are characterized by IOM/senS|t|V|ty
[ 0004] Trf@p@mlgat@né?a%qeﬁ drrigg wwswermw%urf%rst%am%{%@laga 9 ng net al

contamn i s i ncl uding,
for exa %%hﬁ@k??@gﬁﬁﬁ%QMﬁ#ﬂgnY&ﬁﬁ etcﬁ@Lﬁéand ?&%ﬁ%ﬂkéﬂgg%& r met hods ?hat
det ect cmahmmlmatandmldvell@)g\mtdlﬁﬂcm{z amm/blcnhﬂt andimblddfagroadiageppalbl e of

provi di ng @ tial. distribution |nfornat|on rglat g %o contam nants on the
waf er surfisifBution ton relating to contamgRls of e%’é‘]&é YIYEC t he present

disclosure is directed to a nethod for determ ning or nonitoring the anount
of netal quophparyation in a process. A siliconon-insulator structure is
exposed to a processing step. The silicon-on-insulator structure includes a
handl e wafer, a silicon layer, and a dielectric |ayer between the handl e

waf er and the silid8P03lay@nc asppes of thapiespnedinelgsuie frdirpeted e p arashashfor he
silicon 'd%}’e%m%& 1915?]9&%‘% A9 258 df’I&Pe%ltc%n{lE{n?a!tloﬁ%E?Eac'é?st '1§”s‘mc6‘nt he
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silicon layer oh-1nsulator struc y annealed to
cause netakinsdabasiuvant $s ¢xpobdietosi froesing stgpr Thesititeis oh-igsulatdre
silicon-on- |nsulator sfructure is cooled to form net precipitates in the

si licon ISHyeture mplwdass handls welepiasilicon layes @émﬂ\@a@aﬂ?@wPfﬁ@/e%rnhiecon | ayer.

handle wafer and the silicon layer. The structure has a front surface on the silicon
layer. The processing step imparts metal contamination in the silicon layer. The
silicon-on-insulator structure is thermally annealed to cause metal contaminants in the
silicon layer to dissolve. The silicon-on-insulator structure is cooled to form metal
precipitates in the silicon layer. The metal precipitates are delineated in the silicon

layer.

[0006] A further aspect of the present disclosure is directed to a
method for detecting metal precipitates in a semiconductor wafer having a front
surface. The wafer is contacted with an aqueous HF solution to create pits, holes
and/or cavities on the front surface of the wafer at or near the sites of metal precipitates
at the front surface of the wafer. The front surface of the wafer is inspected for the

presence of pits, holes and/or cavities.

[0007] Yet another aspect of the present disclosure is directed to a
method for monitoring the amount of metal contamination imparted into wafers during
a semiconductor process. At least one silicon-on-insulator structure is exposed to the
semiconductor process. The silicon-on-insulator structure includes a handle wafer, a

silicon layer and a dielectric layer between the handle wafer and the silicon layer.



[ 0006] A further aspect of the present disclosure is directed to a nethod
for detecting netal precipitates in a sem conductor wafer having a front
surface. wWbeowaf7es44i s contacted with an aqueous HF sol urconBoao/esezt e pits,
hol es and/or cavities on the front surface of the wafer at or near the
sites of metal precipitates at the front surface of the wafer. The front
surface of the wafer is inspected for the presence of pits, holes and/or
cavities. [ 0007] Yet another aspect of the present disclosure
i s di r ectMetat eongarmmatherdinflisetonoeli the silinep-phrensataterstruofureseratvabwitadzanidnat i on

inmparted into wafers duri m _conduct or. process. At. | east on

STt con. oHNHR S afte GPpURt Pt Lo R RRuAG R imRomEE R s rmiieor “afsess. The
si | i con- dpatédestabrti9kerstigquct ure i ncl udes a handl e wafer, a silicon |ayer and
a dielectric layer between the handle wafer and the silicon |ayer. WO
2011/ 077344PCT/ 1B2010/ 055925 3 Metal contam_ natjon indicators, of the

si i con-on-i nsul at dPO&]r u¥arigus sefieancalsaxist ok thedpiusen aptsd in elationito thee ampunt

of et a1, B0L A AR LAPANhEfhA Oh i ROMHAL AL AL 81 i eceptable 1s

verified. rrous refirnenents exist o e features
not ed i n inerpdriated it thetdbovabrutenmenispated ths pests doklosine apmeslerithesh scl osur e.

Further features | so i ncorporated.in the above-nenti oned_ aspects of
t he pr _eserﬁ_med?%ﬁi Mlt%aﬁéﬁ ures seé‘_lsrté‘?d_rl}‘l‘g%l&%“_ﬁﬁay Ve [o] lﬂlﬁ%%!cqureat ures
may exi stindtheVi ARk Eel)ﬁu%s_ diiQa%lﬁléﬁ 5P iNR1diR8 to 51?% of ﬂﬁ? HaGSedVvari ous

features di scussed belowin relation to any of the illustrated enbodi nents
of the presgwdimeitsel ths prascntalyschsuicrroay bomaompdratatt intceany adfthe dwve-

above-desgcri hed aspects, of th resent .discl.osure | one or in any
Conbt nat | GHET SRR Pt PRI BESRER ey SomBndlith. © 0008 ki qure 1

is a SO structure suitable for use in accordance with enbodi nents of the
present MBBIHFOBBSERIPTION OF THE DRAWINGS

[0009] Figure 1 is a SOI structure suitable for use in accordance with

embodiments of the present disclosure;

[0010] Figure 2 is a SOI structure with a precipitate in the silicon

layer;

[0011] Figure 3 is a SOI structure with a hole or pit formed after
etching;

[0012] Figure 4 is a SOI structure with an undercut precipitate after

further etching;

[0013] Figure 5 is a SOI structure with a cavity or divot formed after

etching of the diclectric layer;

[0014] Figure 6 is a defect map of a SOI structure that was soaked in a

contaminated wafer cleaning bath according to Example 1; and

[0015] Figure 7 is a defect map of a SOI structure that was soaked in a

clean wafer cleaning bath according to Example 1.



[0010] Figure 2 is a SO structure with a precipitate in the silicon [0011]
Figure 3 is a SO structure with a hole or pit fornmed after etching;

[ 0012] Fiworei7rs4a SO structure with an undercut preecpiBaieozsbier
further etching; [0013] Fidure 5 is a SO structure with a
cavity or divot forned after etching of the dielectric |ayer;

[0014] Figure 6 is a defect map of a SO structure that was soaked in a
cont am nat ed waf er cl eaning bath according to Exanple 1; and

[0015] Figure 7 is [Q0Hdf ecorresppnding eef@Oncesthriacteny mdichigtcomasposdaiged in a

cl ean wafer cl eani ng..bath according to Exanple 1. WO
2011/ 077 SHIPEP LSt JetgBE
DETAILED DESCRIPTION

[0017] Provisions of the present disclosure relate to methods for
determining or monitoring the amount of metal contamination in a process and
particularly a semiconductor process; whereas, other provisions relate to methods for
detecting metal precipitates in a semiconductor wafer. Generally, the methods for
monitoring include exposing a wafer and, particularly, a silicon-on-insulator (“SOI”)
structure, having a silicon layer (often referred to as a semiconductor layer or device
layer), a dielectric layer (typically silicon dioxide or silicon nitride) and a substrate
(sometimes referred to as a handle wafer or supporting layer) to a processing step to
impart metal contamination in the structure. The wafer is thermally annealed and
cooled to cause metal contaminants to precipitate in the wafer and, in the case of SOI
structures, to precipitate in the silicon layer (i.e., semiconductor layer or device layer).
It has been found that in the case of SOI structures, the dielectric layer acts to limit
diffusion of metal contaminants and thereby traps the contaminants in the silicon layer.
This allows for a greater concentration of contaminants to accumulate in the silicon
layer which allows metals to precipitate upon a thermal anneal and cooling. According
to embodiments of the present disclosure, the metal precipitates may be detected
(synonymously “delineated”) by contacting the wafer with an etchant to create pits,
holes and/or cavities on the surface of the wafer near the sites of metal precipitates.
The wafer may then be inspected for the presence of these pits, holes and/or cavities by

known methods such as by light scattering techniques.

[0018] It should be understood that while the methods described
herein are suitable for monitoring metal contamination in one or more semiconductor
processing steps, the methods may be used to monitor contamination in other types of
processes and the methods should not be viewed to be limited to semiconductor
processes. While the methods of the disclosure are generally described in relation to
semiconductor processes, they may similarly be applied to any type of process without

limitation such as, for example, medical and biological environments which require low



4 [ 0016] Correspondi ng reference characters indicate

correspondi ng parts throughout the draw ngs. DETAI LED DESCRI PTI ON

[0017] Prwoizeilnizs4ef the present disclosure relate to meChaBz016/035925
determning or nonitoring the anount of netal contamination in a process
and particularly a sem conductor process; whereas, other provisions relate
to nmethods for detecting nmetal precipitates in a sem conductor wafer.
CGenerally, the nethods for nonitori n? i ncl ude exposing a wafer and,

parti cul devels ofacontaniisapng partipglatlpmetal coganinationr fuchugomtanmagtiong a sili con

| ayer (often referred 10.85 a seﬂ%cogduct or I&yer or, devi ce.la %r), a

di el ect ri"EOTIQTEE RPYBY AT ?‘%fpél}%‘? CORSHFBR PSS A STPEBIT 1R °tar§1%Fe§/n and a

subst r at ehgsOfypichIEhe ploetds g6l gl, Shapn@infrgfibe s0BtRitesOERipUMDME 1iRE); | ayer) to
a processing step to inpart nmetal contam nation in the structure. The wafer
i s ther meloweve Heetheierabdimenss serhrshaping senarpedprmdntatinigesl.t o precipitate
LN the walRlcRRthorkifl ) PEaiBSGuOr o SLEUEHTR: bl 0icBEF Plifheh, L LD
silicon layer (1.e., sem conductofr lTayer or device ]Iayer . s been
found t hatnden the case of SO structures, the dielectric |ayer acts to
limt diffusion of metal contam nants and thereby traps the contam nants in

the silicon |ayer. I | o for_a greater concentrati.on of contam nants
to accunulate in ti{&}gﬁl ?%@rﬁg%&@}f _ Oélﬁoﬂwg’xﬁéalmtémglaflﬁnﬁf%@% tate upon
a t her maly&RNEG s @RESIERAi N e mRORANAb N0t Qs &TROG ER S inQflafob SrRit&Sent

S
di scl osure, the netal precipitates may be detected (synonynously
" del i neatigdxposbd tocastaaadra grachssingadten(s wiftiterent (etec asemi¢oamduetenprocgsist s, hol es
and/ or ca}vitghes. gn t he surface ﬁ‘f t he waf e( .near the sittes.of. ngl%al
preci pi t ap S8TCTRIOTRRHED CORGT N M BIOIAEHLEREYC FEPUROL CRYETUREGN JIC t hese
pits, holgsccads Sep Gapirts i8ScmicokMidt WEEROAenSMAY, BS pRitedsingbe tering
t echni quelg. £ Step Gy [0018] It should be undergt 008 that@%iﬁa% he
met hods dederti Badnaedastyring rotogek fappdpeing AumicoriucHy Wseralor do¥esni nati on in

o tor it ERRarrars v Realt BRTREL8 o AP R IR PR ou o

not be vimaebk dml thpichllyire echfém ofRATEEWILCIUOfurgrsacie ss &5 cxWhblegsibple met hods
of the disclaosure are generally described in re|latjon to sem conductor
pr ocesse<TYHHeYICRR Y s th Mulfirry Halliag pricson pitary! vlse- dt shoubtss wi t hout
limtatiqpgs Afat B! ForndFRY! B0 Ak BRI t ahd FANVELIGYRNL S whi ch
require | ow ﬁgagoflf%‘%%&@% 1%2018/%@%09%2 e ProtSeot dnd FAH

the semiconductor processing step include wafers that are not listed without limitation.

In this regard, it should be noted that the “semiconductor processing step” may be part

of a processing step in the production of photovoltaic cells and that use of the term

“semiconductor” should not be viewed in a limiting sense.

[0020] The wafers typically subjected to the semiconductor process of
the manufacturing protocol may have a diameter of about 75 mm or more, about 100
mm or more, about 150 mm or more, about 200 mm or more, about 300 mm or more or
about 450 mm or more. In this regard, the SOI structure used to monitor the
semiconductor process may have a diameter similar to or the same as wafers produced

according to the manufacturing protocol.

[0021] Examples of suitable semiconductor processes and operations
in which metal contamination may be monitored or determined include, for example,
polishing, cleaning, bond strength enhancing thermal treatment, epitaxy, oxide

stripping, plasma activation, wet chemical etching, gas phase chemical etching, high



| evel s of contam nation, particularly nmetal contam nation. Such

contam nation nonitoring may involve shaping of the silicon-on-insulator
struct ur eworbo/g7size and shape typical of the process @PeTgB01ehEp2ng i nto
square substrates, chips and the like)$ however, in other enbodi ments such
shaping is not perforned. In this regard, references herein to

"sem conduct or processes” should not be viewed in a limting sense.

[0019] In a first step for nonitoring netal contam nation of one or nore
processi rigmperefise frmegling, semingderdatsme pxigatoareaslghy like kithisgegardrit i nsul at or

structure,i XPO t o _one or nore processing step(s) of interest (e.g., a
e condatb B PRI S Gl hul® Iip PR TREH M e Fleat Wb Pefoume o

rel ative |aga@dtidh. of contam nation the processing step inparts in

sem conductor wafers. Cenerally, the processing step may be part of a
manuf act uri ng protocol for producing sem conductor wafers or devices. The
wafers that are tydPeall youismlbe piatyps of mstah me ds setsgted by smbodpagnts of t he
pr ot ocol . .ca 4 e uch as,
For - xams ate BF@PEisLIES sttt Mo Bhamd) BEkord oty FhuaZ IR FpRLCl,

epi t axi alandppaeticularyt, nsdkoly ipthtinemuivoie asd coodbihitédns oy fese oktalvaflertisis nor mal |y
subj ected to ,the protocol and particularly to the sem copductor processing
step i ol TG ke S o drarase diclesu¥ wbukignt b Ve de AIRRA (6 o 1 egar d,
it shoul dc_eﬁﬁh'nr{?ﬁe%t thitaf confifninS&IH &QHQ?H%&& JRERGES TAYBuREAR defdBYare part of
a processing step in the production of photovoltaic cells and that use of

t he ter mtypeoi memdthet way phipithid imotlicoeand whess precipitdtésmittainyghsshem

[ 0020] The waf.er ically subjected to,the sem conductor process of the
et hct TRvar Bl OB Yo pb R B et P PRl Te e oF ore” about
100 mm or nore, about 150 nm or nore, about 200 mm or nore, about 300 nmm or

more or about 450 MOUZY| Nm§ Gated AbSWY, 8 SOBGRUCturetibexposkd il 4 seetivdRlutised to
nonitor the sem conductor process may have a dianeter simlar to or the
sane as VIAPERS OpiRINERIOT B odithprpQiing REMEHh coemination iy wigeesductor

[ 0021] S ! ] r..RLOC i in which
ot ol corl el e B e e e A RO RO ol o

pol i shi ngmaliteang’hgprobessthgstdpeiogtrivtad nbreaminagoi befortcttmaaing® tic mepl t axy,

oxi de stripping,.plasm activation t chem cal . etching, gas phase

cheni cal cefl_@mlﬁagl,onﬁv BRCTASODACL9T0Ye 31 i@f@éé&%%@%@%ﬂ%w{g%ﬁramge _
anneal i NGend OMEhbTNiARHEbE ARthoBXbERE hRRANEKAd B thiPbe hiddkblSehRgatd 1t
shoul d be noted that processes other than those li'sted may be nonitored

wi t hout lanmunaof @mtamination imparted 00Q pfcBeme rakdlytingahy rasyisetoghe met al may be
detected by, enbadi nents, of .t he.prese i sclosure. Suitable netals that may
be. dot oot B NG RIAThE) 45 TR QP EE MBS PERRDE Yoo ERENOr B § num
iron and gyt BRddneRsinor iGRLedBY ﬁ{esproédasih%lst% boeBmParigdedaret s of the
present disclosure should not be viewed to be Flnlted to a certain type of
met al corasghingalatapmdaistormemning whether e deth dlefiere fiomyths brickibey det ect any type
of netal that may precipitate in silicon and whose precipitates strains the
silicon | ayer of t i f recipitates.
[0023] As stated a gg%ﬁléﬁﬁ%#§£#§§8€%?59Pg%géﬁ%ggb eéggﬁggﬁgggﬁductor
process tpockss ef itaiest by on®of deverat hethadnuRdr iaftaee! thke SOIRtradturahaybe i N a

seniconduc%or grocess. It should be nderﬁtood that while the present
di scl osursEbizaied £ thersame RERCCHINE HBhINCBdinghC 5AG BRESSINgFORAIERANY & et al

cont am nation R afOfpicdRy @Ju['féec@ém"thé & nepal %ﬁaosréhﬁm AbloPWafp @

sem conduct or wafer, these rnms shoul'd not be viewed 1n alimting sense.
Enbodi memanudictumstgodwcol Honexpngelsafithedicsudonducter prayeshiagsepds & midet er mi ne

t he amount .of contam nation inparted into.wafers. by. correlating the results
Lo t he oaiian? hif TOR et HE DU ST B o BT VR hAr e T ey be
used to NRELSRIa SOEHATRENMaPhe SANEANA RAhE BifrrbMRALh @inBYhd fAghcPoliSERSI NG St ep
by conparing the data to baseline data and determ ni ng whet her the data
differs fqog&i,tiph@in[gbggi'girgi the length of polish, chemical reagents and the like. Alternatively,

the SOI structure may be exposed to an atmosphere in which the semiconductor process

is conducted. For instance, the SOI structure may be present in a “clean room” to



[0024] The SO structure may be exposed to the sem conductor process of
interest by one of several nethods. For instance, the SO structure may be
subj ect edwbaotimg7siame processi ng step includi ng the sampCpNBLA&/8ISHLH
conditions as wafers that are typically subjected to the step as part of a
sem conduct or waf er manufacturing protocol. For exanple, if the

sem conduct or processing step is a mrror polish of an epitaxial wafer
conprising a si n%l e silicon wafer with an epitaxial |ayer thereon, a SO

st r uct ur evenify thieeths wisifers eeschot beingsubicetedio wakieptebls¢angaminetiaaerengobd shi ng
conditions including the |ength. of, polish, chem cal. reagents and the |iKke.
A ter nac e C " apPEebarhPictng Pisk S dng Sl PR ok R HBb B AT Eoten " whi ch
the sem cMeHAGLOEMPEEIARES, ths SOURBUEHRs chbicttd&itBAGBurct BE IS ussd iict ure nmay
be present in a "clean room to WD 2011/ 077344PCT/ 1B2010/ 055925 7 verify
that the thaPecessirestapochas Huiddised eoiinsg of & ¢fplseiserdictor safranihait i on or
may be pr .t hi : I i i IS

por  or moc O vetikt B0 b2 20 RBRR BT Buh i bt TpPY BEREFUA SRl U 1

cont act edha inlthamaoufactariaf pfdtedod se1sed impait hsufficdae asmongy dtcoptasiicdioas fl ui d
used to rinse or to et gh;sem' conductor, wafers. The SO structure may be

cont act ed™ s H1d2%B of e Y9! shrelire ppisclossdin S grpnlicaion Mgk 9G¢/m i n t he

manuf act yhtingy rﬂﬁw&&‘soind%\qﬁmédst Rr IATRRSE o WS drdl s%l@gtr&gm SePfn Wod am nati on
in the silicon l"ayer of the SO structure as disclosed in U S. Application

No. 12/ 96We@B2cambartite2D10Syst ens and Met hods for Anal ysis of Water and
Substrates Rinsed in Water," filed Decenber 14, 2010. [ 0025]

Sili -on-i | at : d t f duci t her
gener al 1y knoan by PPEHe SRHHT ok T HeRRe Far orer S MeHS R ERNED pat
Nos. 5, 189 8&erally: 14@0mIKShoe sk8Rd 14 the Be, @br Mahple, TS imeN@or at ed herein

for all relevant and consistent purposes). A silicon-on-insulator structure
sui t abl e % bY9.109e 51430 bt Mt s cesth aftvehigl bdeeprperpisd hein ©rial refevrat al | y
reference ral in H.gure 1. tr % .general |y

i ncl udes agldt% éfl né{fr:rtg[ 3%’?03&?5)55@(%%031 (%h%lgltl%%?gﬁ% esgi{%lgfogruéglngsul ating" |ayer
15 (e. 9. ,ensbvdiérdeot iy ersemhiihosu ik gedeuslty @fspasety anomardid0dl Bigeaf er 16
such as a silicon substrate. , .[0026] . An exenpl ary. process of
rra_kij ngl a lsdsfesst%%lﬂgl{ée i) 8@}%:3?& igelyde & ‘ihﬁ}glgaéiefcﬂféﬂ@@? i g qp Eﬁ@%@l@fr, ?n

oxi de | ayerd, 4iea 100! | SR&H. ff e | ha§ irPruflOf fhh gles (e.g.,
hydr ogen at ongs gr ag CO?(%%’&& or11 eo?y{{é/ rgcgenlarlllgpﬂ'gﬁgol%% ataor%s?garae 1ri npl ant ed
at a specli6fsueld age pilibobarbsaath. t he front surface of the donor wafer. The

i npl anted particles forma cleave plane in the donor wafer at the specified
depth at which they e | npl ant.ed. The surface qf..the donor fer is
cleaned in one or MOVE Il SR ERErasFRETIRE a RN SUUSHG R s (e. .

or gani ¢ CRpEPAHNLS dRNG IR 1BGS (68NhATKINIRMycPRd d fAIRAId HERAsIhedooNddde waf er
during the inplantation process. ~[0027] The front surface of

t he donorwafer diarfiges (e Hydraist atosnsepriiznombenafighef hydroger shdhdisrded waf er

t hr ough r 4 ndi. Ng: NI, T r fer dle wafer are
bonded t S5urHEre B aied & e iRt SGRR Tend M TRE sliFleSor A NB S

cont ai ni Mhe ifmplanexicgiplicdes XY GMcaE plint IO onbxPaBtiitehé ShekifrRdpRlcpthing

nodi fies the structure of the surfaces in a process often referred to as

surface avtich ey overe madantgp Dhesyrtey shthpdppaByefeniseiRyedin one or more

cleaning operations to remove contaminants (e.g., organic compounds and other

contaminant particles) deposited on the wafer during the implantation process.

[0027] The front surface of the donor wafer is then bonded to a handle
wafer to form a bonded wafer through a hydrophilic bonding process. The donor wafer
and handle wafer are bonded together by exposing the surfaces of the wafers to a
plasma containing, for example, oxygen or nitrogen. Exposure to the plasma modifies

the structure of the surfaces in a process often referred to as surface activation. The



8 wafers are then pressed together and a bond is forned therebetween. This
bond is relatively weak, and is strengthened before further processing
occurs. WO02011/077344[ 0028] I n some processes, the hydroplrcriiB20b@nssotret ween

t he donor wafer and handle wafer (i.e.f a bonded wafer) is strengthened by
heating or annealing the bonded wafer pair at tenperatures between

approxi mately 300C and 500C. The el evated tenperatures cause the formation
of coval ent bonds between the adjoining surfaces of the donor wafer and the
handl e wafaers arhihsn poisiadl thgdthey ande boodds foenekdrrebhievegondhiswehédis and t he
handl e wafer.. .Concurrentl 1.t h heatj ng or annealing of the bonded
wafer . tAsehuy Pk dds pealtncfin] Bp BTt b heteaSREPRUAT or heaken the cl eave
pl ane. A portion of the donor wafer is then separated (i.e., cleaved) al ong
the cl eave pl ane frjoo28]heinBondedodssdesrtht bydrophilit bendEdtwstn thetdonér

[ 0029] The bonded wafer is first placed.in a fixture in which nechani cal

force i s “4ppladchapdicpenien 6 aPoRdPdrHECOPHYENAGCRILREGHing REABAIRE waf er i n
order to tRé’B&no%dR\QJféﬂt Iﬁ% Cfgfterﬁ u?atﬂx%g'%myé@ﬁ gépr@?i%alttellg BB Ak Q{?P eqppaf er.

. é
According to sone ne ctron cups are uti ed to apply the
mechani callevlatdeempdherrsapascathe dormation hécpaidnt bondstbetwren dionatjoimaiger i s

e cF oavrarae tadBpauAe 514 HEaile ‘HopyATH e Be CPRLRIAREhGCt no

cleave plgpagr wiftfa ﬁ@@ﬁh&@hka?Q%néﬂﬁ&ﬁ§4mhymkmgmﬁﬁﬁhhﬁﬂaﬁMg%fﬂﬁen pul I's
the portion of the donor wafer fromthe bonded wafer, thus formng a SO

st r uct ur exondedwntii.ribhe patiotehearligemnipdaided inHke dardedfpaisakemtheichsvead be

subj ected, to an _elevated fenperature over period of . tinme to separate the
port i on FEnex BUHOR Char iR Bt ReSHbae il br SpBHLLoPE B IENE e evat od
t enper at WighcCsih @k botidbd daf@fo feh thE SPRG@Ldt@R. of a crack along the cl eave
pl ane, thus separating a portion of the donor wafer. [ 0030] The

resulting SO structure conprises a thin |layer of silicon (the portion of

the donor wafer reAP#Inglherhanded Pateyisiyyt presdos adixaurspn vhechdi el ectri c
| . . . . . i e. .
ayer an%ééﬂﬁm@@ﬂﬂ%&% 1%’\%; Elreg Pg&%%&h@%%t? t\ﬁ\géé@%ﬁ%&deg %l? ghggahona&{ \?gfey i (i ﬁ'ay

the thin layer of sil surtace that
be snoot hederby paldiportamadf tix daes siafig.apa¥\@orOthd bOTIcI4ATET/ ARDEIIAE @565925 9

and cooling as described bel ow as the distance bet n al contam nants
is |ess iSﬁ%ﬂm‘?@%y%rcgfm AERGEP REFSH, 1 ARD e @PC%WQF@%% ERBBUheNt s Of
the presejtihdpsihbPebihe dohtewaat} isHhitiHeh ¥y SppHals d Be@mRRILIedR 4 AR

sem conductor process has a silicon layer Wth a thickness of |ess than

about 25@dgepf thedenddiamatabatithe dzsvorplamar inevdan té assate heopagdsontof 2@Gackm | t
shoul d be,und ood

rs however, .that. other fhjckpesses may he used w thout
dopar ¢ | ng i EevSUage e i presBie anpbe BelE IR B Pt HE i i con
layer mayhos@dt ¢ff the B8R WAbrSréth AR bdnBadwafdr] tE fosMaly ASOLaFRAR.Or ger mani um
According to other methods, the bonded pair may instead be subjected to an elevated
temperature over a period of time to separate the portion of the donor wafer from the

bonded wafer. Exposure to the elevated temperature causes initiation and propagation

of a crack along the cleave plane, thus separating a portion of the donor wafer.

[0030] The resulting SOI structure comprises a thin layer of silicon
(the portion of the donor wafer remaining after cleaving) disposed atop the dielectric
layer and the handle wafer. The cleave surface of the SOI structure (i.e., the thin layer
of silicon of the donor wafer) has a rough surface that may be smoothed by additional

processing.

[0031] It has been found that relatively thin silicon layers generally are

characterized by a higher concentration of metal precipitates upon thermally annealing



[0032] The dielectric layer 15 may be any electrically insulating materi al
suitable for use in a SO structure, such as a material conprising Si02,
Si 3N4, alwoizoum7oedsde, or magnesi um oxi de. | n one enbodiPCEMB2010/h35925
dielectric layer is Si02 (i.e., the di@lectric |layer consists essentially
of Si02). Si02 containing dielectric layers may suitably be nore readily
etched by the etchants described below relative to other materials which
may formthe dielectric |ayer. However, it is to be noted that in sone

i nst ancesindicpoleg/asalesertedibicloat 48 the dptastebetbicen mstalisentammantsns kebs for t he

di el ic. | ich.has . | i [ ieh is high h I ti
point o BB o2 h e if ghey tRE B 60 S okt el cocn

mat er i al sdigl@usd, keSO sthilcturélghal §ie§1ws)ed t@thd it @Xdt6lepro@dds hipgsRsdm oxi de.
The dielectric Ia%q_er is typical la% ess than about 500 nmthick and, in
certain dapsdvifehtiicknpss of dess thapaR0ety @ dess ikan 4boekl 75 W8 T E¥aC$00 nm

thi ck or o] i ted above,
it has pebfE R a0 Ay o) UL b, nowever that o BRAAlctRs BELES T0OV2
limt di fsedivithowtfdepittial fioanthanterifshapdsdnt dslotre. Opribaatiynéeitisiidon t he
silicon layer. Once netal. contam nants have been inparted into the SO

st ruct ur 3%HdayFRpRait rteripls othes dhag; silicogsushhgsetarbany ettty e may be
thermal |y anneal ed to dissolve the netal contam nants. After the thernal
anneal , the struct ypg3IayriReyiSieotiedhyds 1 SxRldeRad cRelrRWI} fsGRHSE the netal
contam nants to precipitate in the silicon’layer. In accordance with
enbodi memacndl stttelpfarseain PO btosture, suches & eraperhtemeritiag Si6).chi:Nhe SO

structure,is. anneal ed may range_ from about, 800C t bout .t he nel.ting
emmor ar uTiERERE 8 TRk RIS 5l O BRoHhod R e Wbt RERTE S102%  om
about 80QCct theatnbdtrid BYOGonkisRsaghlly 8060, 5. osiah @bfitathihlficleétric NaRrabout
850C to about 1050C. It has been found that the thernal anneal acts to

di ssol ve paegiifghblydicasors mepdifscidhed by thastehantsslesershed Helovpreddimg o pihet he
silicon | o] ] . 734 0. .t mal
anneal ( irﬁ%t.g{lalgn%v? %h I%%e%q?%i t%{ga)gé ge%%(ncgz}ﬁ%t g—ﬁ’&g@%ﬁégﬂ% gét? ? g?@ ﬁ%‘? mc%%[rileot be

at tri but ddsthiet, Hemsg ait@amnthetyt B prefeads o dse anhitchaltfbethSAelstridiayer € was
exposed or, stated different lcky?;/‘ "basel i ne" contam natjon) and.to dissolve

met al conYRifh Ay a Baltingpapy adudyis hrgdesban dsineltps poigt obs SIPx(iehi s manner,
met al contam [ Y ' ' : gy icon |ayer.
Ceneral | %g%%gragt%resoa 0\%&a oeﬁgyfgg%ﬂcagﬁegg%tgﬁgg@&q#%d%gggﬁf)'é to reduce
i f not nedurhinuel éxida aheé npeeciypn batdes The debwtrid laydrhe tytpheatlgradss dmnedhbutpri or t o
t he anneal ;. however, it shoul d be understood that her t eratures may be
uoed it RODTALE ity 4TI i St TR e phasafld B wisfol Bt For

i nst ance,2008Paidd MH1ES A 4 850 Ahmtk 600C may be suitable to dissol ve
nmetal contam nants (and particularly certain types of nmetal contam nants)
at the surface of the silicon layer into the silicon layer bulk. It is also

bel i eved that use dPO&iineAs statedpbev tihesbeal foundithetthe Istaaialayeied t he
anneal t duct for. rel.ati.vely | j | (such that the
fime of - ahneaf SRR gy S il QR me R o RS BER a8 bR o7 e

di scl osurg@htagfinddieinahé silit@sRyér. Wndehmadtalrdhahtnaigyhdlicfobers Bnpanted i@od t hr ough

the dielectric |ayer at tenperatures bel ow about 1300C. Further, it is
bel i eved thaaP! sthestprgiang. nariadar]yn gheatlicond erppepa piipcdurg prvededbgurally3ooc may
i nt roduc | o } nata i ich may
ot ¢ REnGr i REN BTl B e e B e
anneal t enpebatoni@sasaizplamedibolow H3A0LE thaynelrd costechinantsho prectiefasr hithg fr om

the scope.of the present  disclosure... 0034] Cenerally the netal
preci pi t &N c RASIATAE yl@ﬁéf}@éﬁ%}t%%theareéémdw Uisnt t he anneal
tenper at yg@néatukEROIEIE HROYEVE ucturdisGRhL A PmeRRGE TR Shout BEEQ, Structure
is held at Phe anneal tenperature (or in certain enbodi nents above a

m ni mum aabneishe ettpertanpersiuré of sikcon (@ast4dhyu ard, sectbakmbaditentstis about 5

seconds, at | gea t .30 ond at | t ~about .put at. | east about
" mut edp “BOTROfR fudht REEPCEFomBbau R AR Filh Sl bonll e
anneal nmesobe tdgEJu@N 0RECUNERLs RBn &uiE SRA eiEtheimA NN GRsctdRMdisdoveCer t ai n
enbodi nents, is perforned under an atnosphere that contains hydrogen,

argon, nilreapéicsandrmstel poatamipaytebnt @ppresee|in yhe siicondeyms dphetodheray cont ai n
an amount of oxygen to form an oxide |layer on the surface of the silicon

| ayer so as to trap netal contamnants in the silicon layer. In one or nore
enbodi nents, the atnosphere consists essentially of hydrogen. The anneal
may be perforned at about WO 2011/077344PCT/ 1B2010/ 055925



11 atnospheric pressure; however, it should be understood that pressures

ot her than atnospheric pressure may be used including pressures up to about
0.2 MPa, wp22uo/dghbut 1 MPa, up to about 10 MPa or nore @CTUBZUWNESIZN | ess
t han about 50 kPa, |ess than about 1 kFh, |ess than about 0.1 kPa or even

| ess may be used without limtation. [0036] After the anneal is
conpleted, the SO structure may be cooled to a tenperature at which the
nmetal contam nants are supersaturated in the silicon |ayer. Once this
super sat themiabanmpehdict, inmtelipsecap hites\aad megal goaieimpiatianitet cavwnbe may occur in

whi ch met al ..contani nants conbi ne, tal s, of same type nay,comnbi ne or
Gt £ or ortrpRE G Mengcond B! Best T Shin s SO AREE: WO Sri BT and or
CO- pr eci ptdtad giffetdnfQUtbabdliiet abitoinatsmemdltd HissdINEmSEN coithmbiatioe may be
cooled to a supersaturation tenperature at a cooling rate sufficiently | ow

enough t dTRRTtebY the spisionducterrasashaki Wistaashimgiel cosfgpunaiippunat bon

t enper at . i at | ihants and
may be. et e S 4 RRENE A0 Aol el ARG RRL SRl PRI T oo
occur at 8)0tE€ apcaditusdtofticairlcatb aectuct 0Bt hearibdithindtt@B&Sipitates present in [ 0037] I n

certain epbodi nents, the SO structure is, cool t hr ough, t he range of
t enper at JF% ctRslsgerl REPETR the paiea 'élﬁfvﬁmrnﬁﬁh@ﬂgg%u?%qr%ttbﬁ)%@w%tbi le in

silicon ifi r : ]! : conbi ne.
T | 6 not UERrAREE hLAGk ERHG IR o R I TL A o R . e et
met al corffeamsteact.sempgratueesrasllaw iav ebgut G0GTT may be suikdbdoto dssetvewnaatyli ng

t enperat ures which e term.ned experinentally; however .it i.§ believed
that - mosiCORBILICo PR RFTHEEY SPRHP inse o) BIEY ROHRRESNIS) & it Stsieser e

t enper at WiiRSnabRY enta BRUGLIRRASer balke at fsailsd RITPRM tARNLS oPiithedependi ng on the
type and concentration of contam nants present in the silicon wafer, netal

cont am naemperaayesdelave hlauit v 8067 Crallsiwsghaanneehtp deapudusscdafion vadataisbulons00C,

above aboue'gri ﬁSSQ . Qr Sev]gﬂ}agﬁ%%\{le t enper gt ur es §s lot"‘élf"e%a%‘%?m 200C.

Gener al | YPoNPREO PG (SUg AR & AP EEHST B SR B HIRT | e when t he
met al di fdnisidafertabethe disslobiiet hLible)s BsOMLK DapmeriBihay diffubetdaed eati on and
grom h of the precipitates. 50038] In sone enbodi nents, the

cool i ng rthroaghthedieleair layer picemperaturesholaye akays d P44 Cu Farthanit dehgsred ur e
(i.e., t i i t 3 -af i.fion
occurs agﬁ%the vva} g}ahﬁ%ﬂgggf%%%pt% %a}%ﬁﬁ&ﬁ%%}%@ g éﬁn%%@%te E?%gla% hr ough
whi ch netdifecenaidapshnathgioariatortkd sthicuet yhihanheaffect sid defen patserh. e BsthisWO
2011/ 077344PCT/ 1B2010/ 055925 12 than about 7C/ sec (as sured fromthe
point at et PSS mgieramdd_ﬁ@ HOGH ARG LG FDPYE ?ﬁ?@%oﬁ Y Rhi ch net al
contam n%&&vf@tﬁ@ut@géﬁﬂ@?&nﬂﬁﬁgs&%e 18k pre@RPHicBORE) ) - W ithout Dbeing bound

to any particular theory, it Is believed that at cooling rates above about
7C/ sec, precipitation nucleation may be inhibited. In other enbodinents,
the cooling rate frl6834]heGengpalysthe ot prasiftierppendcontemiransughcapakler ange of

t enper at urees. through ich tal contam nants are relativel bile in

TP oon, b iRaitve W el Bhork R, RTAARY TR Pttt ot Mooue
0. 5C sec thE SOV Situdt@sss hdidat b abhcaltohigesere (bNinTofBin@Fdinid shovkhe cool ing
rate may range from about 0.05C/ sec to about 10C/ sec, from about 0.5C sec

t o about MEiBwA apgpcH teppeEHBIR farat kast abguiabengond @t kast abput Sipsonds, Be not ed
that th i t i Lt 1 t
a e 18&‘ Bﬁo%{t Egges%ggéé'ag%ag%éo%@‘l Sidid gt RARLE0: §18E131'Fe{s'o? @%W o

departing from esent 'di scl osure. her, e cool ing
rat es dedmut beslosbove may al so extend fromthe anneal tenperature to the

poi nt at which netal contam nants are no | onger nobile (e.g., about 600C)).
[0035] The thermal anneal may be performed under an atmosphere of
any gas and, in certain embodiments, is performed under an atmosphere that contains
hydrogen, argon, nitrogen or mixtures thereof. Optionally, the atmosphere may contain
an amount of oxygen to form an oxide layer on the surface of the silicon layer so as to
trap metal contaminants in the silicon layer. In one or more embodiments, the

atmosphere consists essentially of hydrogen. The anneal may be performed at about



[0039] In addition or alternatively, the cooling rate may be characteri zed
by a saturation tenperature at which netal contam nants are supersaturated
in the siwocon/d7asser (Tsat), by a tenperature at whi ch meraB2oaemisazs nant s
are no longer nobile in silicon (Timuoblile), and by the Iength of tine
(-G) in which the wafer is cooled fromabout Tsai to about Tinmmobile. In
sone enbodi nents, (Tsai - Timobile)/ tool nmay be | ess than about 7C/ sec
and in others |l ess than about 5C/ sec, |ess than about 1C/ sec, |ess than
about 0. 3@heshene presgse;theareveh syhodd beugdestopd thmpmesemtrodthershars, (Tsai -

Ti miobile)/ taol may ran from abqut 0.05C/ sec t.0 t»10C/ sec, from
about 0. et iRt MRe b aRA: it SR b P el ri Ao

[0040] | ni MPasuf @66 10 NP2 aldregr vatuemssy lhetheapabsirlshedallossatgh a | arger
range of tenperatures that enconpasses the range Tsat to about Ti mmobil e,
parti cul @bpyt | kPa, fess dhapabat GhkPeppaicadens anaydeunrhpiRouthBpitaioanpl e, t he
cooling rate may be characterized by the tenperature of the SO structure
upon conpl etion of th |, pR&Rd SORGdLE

tenperature at whi c[ﬁb%ét a‘%ﬁéc%h% g%{%ﬁglrsltcg gre ﬁghelgg?lger C%ﬁﬁaggfﬁ&gf?i con

(' Ti mobi Itek terapetatoye dthvehitlethgictadfcohiamenantsoat supansandaet it the silaberdayies. cool ed
from about Tapneal to about Tjnmobjle. In sonme.enbodi nents, (Tanneal -

Ti mobi | eél}cettglééllp%f\}ur%m} %@lﬁf%&ﬁ aclioNrd & PCSRLatCYH! BRRAFLTBss t han
about 5C/\8gi6h nlcRS SonRRABLOADHTRAARGHs BARLAAREER2Rar] Borhbial oRBRkerl O/ Sec,

| ess than about 0.5C/ sec, |less than about 0.1C/ Sec, or from about 0.05C sec
t o about t{EG/erstals mapncambute t0 f&@ s precipgarbdoy aicoserperipitaerwitdivotit 1C/ sec
to about 5C sec. 0041] Once the netal precipitates have forned
by anneal TR Geagihighe SRA SRt e faeled B aff Bt fep RRaRedife
accor danGg a\sbélih CaRAIMETIE 18t dnB8giPfodRM thd nfubileSui@mifdald tdeanbme. My be
performed by contacting the surface of the SO structure (i.e., the surface
of the siYupesaturdipatympgratyresimast vindepcndimg osdhe eqriogeirationrad gotgminaptst . hol e
or cavity at Qr.n . i tal i. . t r..fhe

our f ace. SOwS ol Rl SobinBafiE BrdbR B AR BhafloR B8k ot 3

sol ut i on.a tSuiptabire fretcdbiongo@BLUb labms 1Mag°d.ncl ude a conpound sel ected from
the group consisting of HF, K2Cr207, Cr03, HNG3, CH3COOH, Cr203, AgNO3 and

m xtures thereof T rface of the SO stru re may. be contacted with the
etchant by i mersi ﬂ@ofﬁr Iatce{t@asep%amnéﬁqﬂgﬁ Qs fs Cpﬂﬁedé%ﬁougm cture in
an et Charﬂan%‘aémerﬁ?er re%%x%ﬁgh Valich RLGNRGintiRgnS h'rrefr@lféﬁvél% nfo®NEAEti ng the

surface with an etchant gas. Batch-i1nmersion (cleaning benches) nmay be used

f or et chisngoarnta spicifielreteithg allewhthequets! prayipditsotommmised Whilboot departing
fromthe scope of the present disclosure, 1§ .i nerally not necessary to
ek ¢ ho BUGERRY (e DRRFEA Bopind ebat iy rab i RePE el Eeentateaf i ey be
seal ed byheTBlaB(élR mdbAk iRpEesh 6v@Vaityiie ©hipb&aied WYRA may be determined [ 0042] I'n
sone particul ar enbodi nents, the solution is an aqueous HF solution. The

concent r gxpeommerttalys hopeyerdt sdiclievadihdtigoshaictth cyntpminapts arerdativiein about 50%

and, in qther. . | I.S SS t.25% . |1 ess. it ut 10%

| ess thanIM(');:[Bl(’)eu1 q@%{é r‘g?ﬁ%%li)graklﬁg‘in%ao%t&?g@&? Bﬁ @e%e@}nne@r%%ﬁgﬂn%%?&s), t he
concent r afeherli®d ofitheitPpd 4@l datditiation Obyorie@hi@hity prayntiatgsilidoawasout 0. 1%
to about 5% or from about 0.5%to about 2% In sonme particul ar enbodi ments,

the conceRgtRkongmiBgntHmay By relat iy Jmopie giyemperatyesmbeVHrdA P iGon may
contain %Své)%bdﬁ%?oo@ Mveﬁgﬁm%qgﬂhggﬁy&ms%%ﬁ%d%&ﬂw.l G&?e%i@f e

surfactants; however, 1n certain e ments the etchant consi
essent i alrhgtalofonveatieantamd chifsiddrbe teebccinandbileayhanl thoneal diffasontrhttis | S

contacted with the silicon |layer. Suitabl ases include. HF gas that may be
i luted IHHECPRE RE QU nﬂaa%tt?@&%lﬁ OGO S HEEPEEEN.
[0038] In some embodiments, the cooling rate of the SOI structure
from the supersaturation temperature (i.c., the maximum temperature at which the
supersaturation condition occurs as the wafer is cooled) through the range of

temperatures through which metal contaminants are relatively mobile in silicon is less



WO 2011/ 077344PCT/ 1B2010/ 055925 14 [0043] The period of tine for
whi ch the etchant contacts the silicon |ayer nmay vary according to the
corrosi vemexsiiaf77idhe etchant and its concentration. GenecaliByoio/bHzm23 he

et chants known as Secco etchants (e.g.l2that contain K2Cr207 or Cr203) and
for etchants that contain Cr03, HNO3, CH3COOH or AgNG3 the etchant is
contacted with the SO structure for a relatively short period of tine such
as, for exanple, at |east about 1 second, at |east about 5 seconds, at

| east abdhan A@us Edpidapmeaturddefigm thdprint Revedria§OI sirnctorcHwginsidodi nent s,

the period pf tine r.ange, fromat |east apout 1 second to about 2
b ee, Pobla e B EheliAb G E Tl S 3 ng Rt MR B AN ahfut 0 tecands to
about 1 rjopety. Without being bolidDb4hy partRule eicoB litSs bHlefved aguenwssli is used,
the solution my be contacted ‘vvitK the SO structure for a relatively

| onger péricoabe abpwe/°Cree. nrpgpisgion nuclkeatianmpy be indibitede I pthickon | ayer may

b t ' : bout 4
rour s or aptlthits dEHEIRAE ROR (8 bup G Rl BROK bt rafl hERHecOOT 2

of the Hefsahpdratoresamdughehivhlmasirconaydnanieyre raagecly mobilabogiticdh ibours to
about 16 hours. . [0045] Ceperally, the etchant (whether HF or
anot her deHAHY bouES &ﬁfﬁca@ﬁ%@ww Mt Sg“aleSﬁfraaémw&-%[é/m%e{v%é% ature,

however hj : USRI @n% up to
about 10316:%{1%({0011% g' a %%%%%%%bﬁg}%%%dt hﬁgrd{fg{ggé] 'qioﬁg%ulgei ng bound

to any pdr@i°Cicato atomod §°C/sdc, frombeboie. 68U /sdvad abng 7BCHhant framtabotto create a

pit or hole at the siie or ar the si of netal precipitates that are at
Phe surt acb/S 4 oL i¢adh 1 it e fehn SRl Branifamty STetdBs he
area at Qmi@alon®tighs @ftﬁﬁitﬁb%a%ﬁ@fr@ﬁl th@k®pabemectRedat diclbfrst Fateed (i.e.,
the crystal lattice is weaker) at or near tphe sites of netal precipitates.
Thi s hol ¢hogoqding ramy deseyberl abeve xiagradsot wivaddranh thedinatad dempasatbegterthe Cer t ai n
etchants (e. HE) y_cause the dielectric.layer to, dj ve t hereby
cnder cut vl 4 oo R et G Mo ek R dSLITR Y “cael g t he
mat eri al above the undercut portion to cave downward thereby formng a
cavity (synonynousl|[903gi viatadjlitio@lohehcrahttedntise {oliah raas ntahdeSecco-t ype
etchants) are not capabl e of substantially dissolving the dielectric |ayer
and f or mEARCIeriRe] B2 sptuigtion tomperyreah aiicha)etel oatanifanthpis ¢ egard, it

Lo RS T ) oy LTS 0 b4 1o
2011/ 077 344 RCInE B2 OHSEARDN (Timmovite), and by the length of time (teo01) in which the

wafer is cooled from about Ty to about Timmobie. In some embodiments, (Tsat —

Timmobile)/ tcool May be less than about 7°C/sec and in others less than about 5°C/sec, less

than about 1°C/sec, less than about 0.5°C/sec or less than about 0.1°C/sec. In some

embodiments, (Tsy — Timmobile)/ teool May range from about 0.05°C/sec to about

10°C/sec, from about 0.5°C/sec to about 7°C/sec or from about 1°C/sec to about

5°C/sec.

[0040] In this regard, the cooling rate may be controlled through a
larger range of temperatures that encompasses the range T, to about Timmobite.
particularly if the saturation temperature is unknown. For example, the cooling rate
may be characterized by the temperature of the SOI structure upon completion of the
thermal anneal, Tannear in addition to the temperature at which metal contaminants are
no longer mobile in silicon (Timmebite), and by the length of time, t..o1, in which the
wafer is cooled from about Tapnea to about Timmobite. In some embodiments, (Tannear —

Timmobile)/ tcool May be less than about 7°C/sec and in others less than about 5°C/sec, less



15 enconpass any nodification of the silicon |layer at the site of netal
precipitates that result in light scattering (e.g., |ight point defects)
upon ref lwotznow7ed44l i ght of f the SO structure surface. PCT/IB2010/055925 [ 0047]
I n sonme enbodi nents, the SO structurelis contacted with two different
types of etchants for periods of tinme. For instance, the SO structure may
be contacted with a Secco-type etchant (e.g., that contains K2Cr 207 or

Cr203) to formsnmall holes in the surface of the SO structure at or near
t he sit e thin ghoual °Geasclops than ebourfcb “Crren, lassythireatwun® 8¢ ek, wi frmeagboat chant

luti i ni HE di | ' iel i¢c |
hercby dFBar 1 SRl D 5 BnsBod PRI a0 Soak Bl CaP PR aut L

preci pit atee/sec to about 5°C/sed 0048] The del i neati on process is generally shown
in Figures 2-5. A netal precipitate 21 (Fig. 2) may be delineated by
contacting the silicon layer 14 with an etchant so as to forma hole or pit

h

25 at or near the dPPdllofOrgseherietl ppcaviafss harefopped by aynealtpgard chant eat s
‘he ot ‘ g7 .

e ect i 0 it e pREEroybiAREnEY SR cated! TAGEGHI Dot b Berlt s $0°, e

silicon Ithypresparischbing, ddincaisi may baoperfametl by cantmetiid §ic 46 H4dEiog thes) .

[ 0049] the pit.s, holes and/or.cavities have been forned, the surface
of the géc&s?% &t &S UbEcs ﬂgf&sethéan?aaﬁstmﬂﬂm@glg%@%?e HEY hol es

and/ or cayiddespit, Bld @RLGit} AReCh RO sHBYF hOUPh¥EpAAUEEERI HOnkdghE to the
front surface of the silicon-on-insulator structure and detecting scattered

r ef | ect ecutfaghef thihsitihon kyedetlctotdhantsmay b¢ gaphouspmimty bied sdutionorSuitablo, "
Equi prent _ t. hat n_perfar uch anal ysis jncludes wafer |aser- ed
napact 1 it g AR Ry dhhl E o ARG e oo PR Sl e ST ERY seri es,
bot h manu{ aeiey, €doDHNOA-CIeTTInH CoF, P! AN 0N ak SRk RS eherdoh) Thé Burfdtes regard,
it should be understood that other equi pnent and net hods maé be used to

B

det ect piafdhe $Q gruchnemsy besentarted withtthe atchant hiyimmesnng (pElatlgrsig, f or
exanpl e, | i in ren. ncr e like
e R e R R E
field of gvifawe by congtinailic wnfacdiviveah Stchhitgaki Bhfchdeaicrgon (Weaniyg be
correlated to the anount of contam nation inparted into the

f
si | i con- GWPFhesUMAY BF usKdrigE eighiBE andwpip Gl gAY SUAPIST MBS AP0 5S 5hew
[ 0050] | tc%eb%g{ﬂg Iy il sEélﬁtofttltﬂee?ﬂg%lPﬁgﬂo%e.t ﬂﬁ% %&gezeﬁ ndi h8&s f£ are

capable o cting netal contam nation as bout 1 x 107 atons per

cnR2 of SG@hasktthaiedgerod tisuwifac durarngtching et the didedbodiagemnhsy bascalcdvbyas about 3 x
107 at ons/cn®, ag oniv as @bOﬁI 7. X 107 atonms/cnR2 or as lowas 1 x 108

at ons/ crpnatPialeRliansgd GOmHGE SHICPR k- he precise lower linit of contam nation

that the nethods of the present disclosure are capable of detecting is

difficult to determope]asinGeméeattcanabmbelidhtsO thets8RMibh M @Sa@eusggper al |y
not capabl e of detecting netal contam nation bel ow about 108 atons/cn. In

this regaehitiont Thheonagntsetionniddl irmthe selhtonl{bycveskid magtbgders thaneabapso capabl e
of provi digg.inf i .elated,;to.t bal _di.stributij i.ts, holes
p d§0. and! 1(? étggrt %ﬁgor%l%gﬁ%—, 1g%eégmag§b§@%)/g lﬁsg él?annafbgut fda}ol lggs tR%/n

and/ or cavi'tres I rmat’i’'on may be
anal yzed dboutdi®h oF Msfthah hbowrela! hcant irndnitaddinentsftheedncoitrdtioa oS €IA @onduct or

process. the solution (by weight) may range from about 0.1% to about 5% or from about 0.5% to
about 2%. In some particular embodiments, the concentration of HF (by weight) is
about 1%. The HF solution may contain one or more other components such as
complexing ligands or surfactants; however, in certain embodiments the etchant
consists essentially of water and HF. The etchant may also be a gas that is contacted

with the silicon layer. Suitable gases include HF gas that may be diluted in a carrier

gas such as hydrogen, argon or nitrogen.



[ 0051] Once the netal precipitates are delineated and the surface of the
wafer is inspected for the resulting pits, holes or cavities, this

i nf or mat iwo 20my7E4used to confirmthat the sem conduct ®CTABDA@839I2S not

i nparting unaccept abl e anounts of netal4 contamination in sem conduct or

waf ers subject to the manufacturing protocol. If the |evel of contam nation
is determned to be too high, process conditions nay be adjusted to reduce
t he amount of contamination. In this regard, it may be beneficial to
determi ne a basel i 18048y eThegferied odkimednt wiichahd @nhﬁtnhatnntil@s ‘é}@@éi@pabl e and
correlate _this baseli mount of |ight

SO tert daval i AR iR othe SRR0 BR BNt by AR pAECRERE bt et

the senm agduglyOfor PiOGeEsts ladheddsSdcccathaes @ thiteshfaid Ri@>debi neat ed.
[ 0052] In_an exenpl arl{@ﬁgéocess for confi rmﬁg whet her t he sem conduct or

process i&2OnpaaterRic betpoaiieCedm NG, 6H:RPOH or daNDhithragtthsmt isat | east
SO |

cont an naeraEkHifi di SORSFEG bl AFIARTLEABAIELBE oPHAESEEH sl o o o

hol es; orexamate! etr leght hb@htl seedrldeattledbt ﬁlﬁcﬁl’l’rﬁtsb@)nﬂsl,raft hast ab‘butt Heseconds or

SI|ICOI’1 on-insul ator structure) val uated a y be used to establish

basel i ne H#stabprsHbicgo né%ﬁﬁweaﬁmgﬁ@lnﬁmss@e mevﬁﬁpﬁ%r@mwﬁom at

cont am naptes abollti1 Seddhti®b ﬁ?&dt@r}nﬂ{ﬁbés bf?orH%S&lttloseX&{d %ﬁbmeltﬁﬁ{uté Mrfrﬂount of

metal contam nation inparted into sem conductor wafers subsequently exposed

to the sabpupllcesslsits abagdphmbice. The sem conductor process may then be
adj usted to reduce that anount of netal contam nation induced into wafers

during the sem con ess 011/0773 CT/ 1B2010/ 055925 17 if the
o o e C o aHEA B ey B R R S e A RR R
relative &%ﬂfﬁtte@fwﬂﬁﬂl@lsm@ﬁh@ﬁie%i 4 edlatiRY lbﬁgéﬁ?fehf)di Sﬂtulw FerMpatheg the
nmetal contam nation indicators to netal contam nation indicators gathered

when t he theywefacepf thertlienhater sryhasonected mithabe eteha fered dgstathiont 1 As

descri be o Q uct or
process, %O%F%IYF%?%&B&%B(?ugss§%t;}§at§ M? El??rea“& %E Iﬁ‘g%lw%&fngg Sut?le pgg&?her mal |y
anneal i ng)ftcbﬁtaa(aftlsé HEGblitien hied thasd&ontdyal mag i fron kot 18 Holss t8i | 1 con

| ayer to dissolve and by cooling the SO structure such that the
concent r #PBNI@HOUSRt al contaminants in the silicon |ayer may exceed a
critical supersaturation |evel. The precipitates may be delineated as
descri bed above anqopaserglicadty; %%@&ahﬁ@@%%??@ JBYofeer MsehifiQ detect the
presence of pits, holes and/or cavities med at or near the site of netal
preci pi t avetcted with the SOI s{rO@68]at kepno frenperatmsy EOWV@odlghmﬁmpelattdm‘ ect map
that shows the spati.al distributian of pr.eci e sdetermned by
| ght " sodter Wyt aurP BAbeHe osCr wdteaar {EC uih Brbpiy T0eC e Biiced (see
Exanple 1 and Figs. 6-7). Metal contam nation nay be ver|f| ed by conparing
the defect map to gooedflecwithog Himciuad tbgnpdrhculieedry Of isaelibwddithat i on was
determ ned to be acceptable. Typically the rerotﬁectlve defect. maps will be
pr epar ed thietehans apis tapreptglainyt qrﬁwl%%m%e HErRIineong sisuefimets] PreepitéRanyl e,

using th r usi ng
substant Eih:i?t %tstﬁghslg?ragggﬁ{h% 1%8%@%? ﬁ"ﬂ@éﬂcﬁeﬂ{t @geefesr‘e‘lgn e@(glies S %a at

[ 0054] V\aj‘relrean m&pm%clpnatem&tthmm@n@aae;eatrhlyiedrﬁaauhaecﬂystgnhttmenmt def ects

that are attributed to any of net al ifferentiate the types of
metal s t Hféqaiarr )@t Py RSB e Siltﬁs ?%%etg@re@pﬁﬁa uTlES ﬂ?]ﬁ@f Bltierygiegl i9iektenfio| e

and/or ¢ atﬁ{xf'éu)ﬂ tH@Mleﬁ%trYd 1§¥\§d Cl%}'talnfé?éhaﬁ‘?ggggr a?rr@aﬁsé( @k Glfel&'tﬁ:c{ B3&48¢€;

anal yze the norphol ogy o hol Wt hout bein bound to
any part idissbbe thdreloyr gmdemutmrg tbe kiteottc nivstl pchCip‘lEt@ntd dvylpesllpéaumgal s are

ggs Ir ? ;t erthez gl%ten%ll gbove ﬁel éln%terc%pg hlglll ?c? Xav%tdo%vrlllsva?(lt ere%y forrmné) a cavi yOI € or

(synonymously “divot”). Other etchants (such as the Secco-type etchants) are not
capable of substantially dissolving the dielectric layer and form small holes or pits
rather than cavities. In this regard, it should be understood that the terms “pits,” holes”

or “cavities” should not be viewed in a limiting sense. Generally, these terms



[ 0055] In accordance wth the present disclosure, nmethods for detecting
netal precipitates in a sem conductor wafer are also provided. Wile the
above netwodsiiaf77del i neati on were described in context troTuB®ioeisbzed of
monitoring or determining netal contaniation by use of a SO structure, it
shoul d be understood that netal precipitates in other types of wafers

i ncl udi ng non-SA single crystal silicon WO 2011/077344PCT/ 1B2010/ 055925
18 wafers, multi-crystalline wafers or epitaxial wafers nmay detected. In
one pr ef encemdpavbod madiicatipn eCihpistlizpe fayienatghg sith efonetalaresipiwésethathavi ng a

an’ aqueolS TR QB EFUR e o diFbrpR AR Eh iR bEGH B ARe T ont

surface giruttae: wafaeg. at or near the sites of netal precipitates at the
front surface of the wafer. The front surface of the wafer nmay then be

i nspected for the presence of pits,. holes and/or cavities. The
concentration of tHA0HH dBIsgmicsmbedmmeats Hromfh stinstuss 5 coBRECAMIh ¥@scr i bed

above. > it s Lt kes: f , I ence nay
be.det cct e e hahRRoreloBl of K. EaFindhf Bk ymnbth! Bl S0 cor
scat t er ecconeattedotithch S¢q@hitypdEXdidit £ Fhanginaids K 0at@cdr @nOgfto Ktal

Cont am nat i in.a Wafer d eani Ste .J0Q56] A ..

si1i con- oA 4R e Srtegetine Sﬂ’g@mﬁﬁfg & PTPeas N9 %{?@8 P Qe biess of

88. 0 nm viRg (BAAKSHALE &intRotdl WHA 88 clcRarf sSfatidn Ve t&ihie IBRR MG Mpdrtiof-
aqueous m xture of NH4AOH and H202) that contained trace anounts of nickel.
The anountf tiof dipettaicdayen thehebysuedtmge w@iity hediwaff & or nee thessunfelt gtal CP- MS and
was det erm ne.g to be less than 3 x 108 at ons/cnR. [0057] The SO
struct ur W& Hf-aced in the reaction chamber of an epitaxial reactor and
heated to 1100C in an H2 anbient for 1 mnute. The wafer was allowed to

cool in the reactorfobys|r arhcddlivieatnthré@Ry Bgchatall¢ Sidvii Riguras 2-&mper at ur e of
200C and was renpved fromthe reaction chanber. The wafer was subjected to
a 12 hourm&akrcsipitan 2 HFigghlapusbedtlipertss by sonipogng trysiliges bycikswith nsed and
was i nspegt - i i i 0. def ect
map Shonespigraat it A8 4ELRSS aTBdP piEIRF Y dicelitifiugd e

cont am nat)edhe trrhadtehsaivayalpe sicdn Igydryl 4pat teeented lywirtdercdarikby ctck@izons

I ndi cati r][ e er?egter{c l%rlre?r 1@1th 4)9fThCl§) Qﬁ(?e%urt]t?ﬁé ?? eventually leads to the silicon layer

partially collapsing and forming a cavity 45 (Fig. 5).

[0049] Once the pits, holes and/or cavities have been formed, the
surface of the SOI structure may be inspected for the presence of pits, holes and/or
cavities. Suitable inspection may involve directing light to the front surface of the
silicon-on-insulator structure and detecting scattered reflected light which is detected as
a “light point defect” or “LPD.” Equipment that can perform such analysis includes
wafer laser-based inspection tools such as ADE Optical Systems (AOS) or KLA-
Tencor SP1 Series, both manufactured by KLA-Tencor Corporation (San Jose, CA). In
this regard, it should be understood that other equipment and methods may be used to
detect pits, holes and/or cavities without limitation including, for example, optical
microscopes, scanning electron microscopes and the like which may provide spatial
distribution information by examining multiple field of view. In certain embodiments,
the light scattering may be correlated to the amount of contamination imparted into the

silicon-on-insulator structure.



[ 0058] A second SO structure that was processed in a SC-1 bath that was
not contam nated was al so heated and exposed to a HF bath under the sane
process cwodbtiionsi4 The structure was al so i nspected forCIuBiawessdef ect s
(KLA-5P2). The defect map is shown in Figure 7. The structure showed | ess
defects with little variation in the counts. WO

2011/ 077344PCT/ 1B2010/ 055925 19 [ 0059] When introducing el enents
of the present disclosure or the preferred enbodi nents(s) thereof, the
articles "a", "an",[003He"It srivtlitec Hat the methodentide presentedisclesuet arthere are
one or nore.of th | ement,s. The terns,"caonprising' .includng:; d
“having areh at Aeud i opdinthdR InG 2RIty Aok eineRe ey BESBRGi ¢ onal
el enent's s@ub@fe durfbe biE ih bthteshmbd EBits Ses low as about 3 x [IQ&Hhs/AS’, waldwous
changes coul d be made in tPe above apparatus and net hods without departing
from t he ascbpe 7of 19 réoras/sf esuylew 4stl ¥ 50'jateravieag ktnkeuld be netgd that theont ai ned

0 L1 04R, GRS LA S0 AT N SRR Bg L ARt | O
2011/ 077 3AFRIT HbABROA DL ASSHFRMIA0 determine as conventional detection techniques are
generally not capable of detecting metal contamination below about 10° atoms/cm”. In
this regard, it should be noted that the disclosed methods are also capable of providing
information related to the spatial distribution of pits, holes and/or cavities (see Example

1 and Figs. 6-7). The information may be analyzed to determine the metal-

contaminating effect of the semiconductor process.

[0051] Once the metal precipitates are delineated and the surface of
the wafer is inspected for the resulting pits, holes or cavities, this information may be
used to confirm that the semiconductor process is not imparting unacceptable amounts
of metal contamination in semiconductor wafers subject to the manufacturing protocol.
If the level of contamination is determined to be too high, process conditions may be
adjusted to reduce the amount of contamination. In this regard, it may be beneficial to
determine a baseline level of metal contamination that is acceptable and correlate this
baseline metal contamination to a baseline amount of light scattering present on the
surface of a SOI structure that is subjected to the semiconductor process, annealed,

cooled and precipitate-delineated.

[0052] In an exemplary process for confirming whether the
semiconductor process is imparting unacceptable amounts of metal contamination, at
least one SOI structure is exposed to the semiconductor process. Metal contamination
indicators (e.g., metal precipitates; pits, cavities and/or holes; or scattered light
reflected from the surface of the silicon-on-insulator structure) are evaluated and may
be used to establish baseline and threshold concentrations of such indicators and/or
contaminants. This information may be used to verify whether the amount of metal
contamination imparted into semiconductor wafers subsequently exposed to the same
process is acceptable. The semiconductor process may then be adjusted to reduce that

amount of metal contamination induced into wafers during the semiconductor process



VWHAT IS CLAI MED | S: 1. A nethod for determ ning or nonitoring
t he anobunt of netal contam nation in a process, the nethod conprising:
exposi ng wopitwes4on-i nsul ator structure to a processi RGTABBENY/0IHES
siliconon-insulator structure conprisihfg a handle wafer, a silicon |ayer,
and a dielectric |layer between the handl e wafer and the silicon |ayer, the
structure having a front surface on the silicon |ayer, the processing step
i mparting metal contam nation in the silicon |ayer; thermal |y
anneal i ngf theamgiunt efonctehcantanuinatiar was datermimas to be cnagsepiablealThe oeletayd nants i n

the silicon | [ to dissolve: . cooling.the sjlicon-on-insul ator
st ruot ur et S et e R PaNeT ey pe gerified by, SlrAriag 0 g} congtimalen neat i ng
t he net alingic@6ishb hddtd Tohtanfidi@ios iihdi€Qsrs|gathered when the level of coBtamlfigiofet hod as
set forth in claim1 wherein the process is a sem conductor process and the

si | i con- o¥as dekumaiedrio 8¢ peepiable. iAs dosprdacdbpye. aftseihic SOH@tiEet®IC ipr ocessi ng

st ep. T S ' ' i the
sem condut %Fdé?35@%2“?%8%§§%@§g%§#P§%§%£§?%%B§@%ﬁé??ﬁ%ﬁﬂw@?kg% I shi ng,
cl eani ng,stiootaek 5y thergilly anbaing thg SOh etrmmbrettd eatsovittial copiatdnunts iaxhae
stripping,,.plasm activation, wet chem cal etching, s phase chem_ ca
etching,sﬁﬁﬁﬁ%ﬂﬁﬁﬁé 1A1AYe? é&PLﬂ%F‘qggq%WWH@&h%&gﬁ%ﬁﬁgﬁﬁmﬁ%ﬁﬁﬁPPBB.
4. The nehROdARnFRAnt B th siliBof |a§b M E&h Brifi SluRfiGFiREL atgs are
del i neat ed by contaé%%ng tﬁé’%uf?ace}%§h%he s?l?%gﬁ&%ay%}lmdfh an etchant.
precipitates may be delineated as described above and laser light-based inspectors may
be used to detect the presence of pits, holes and/or cavities formed at or near the site of

metal precipitates.

[0053] In one or more embodiments, a defect map that shows the
spatial distribution of metal precipitates (as determined by light scattering events) on
the surface of the wafer may be produced (see Example 1 and Figs. 6-7). Metal
contamination may be verified by comparing the defect map to a defect map produced
when the level of contamination was determined to be acceptable. Typically the
respective defect maps will be prepared under substantially the same conditions such
as, for example, using the same semiconductor process (polishing, cleaning, etc.), using

substantially the same anneal times, temperatures and cooling times.

[0054] Wafer inspection instruments generally measure light point
defects that are attributed to any type of metal. To differentiate the types of metals that
are present in the SOI structure, the site of a pit, hole and/or cavity may be viewed by,
for example, atomic force microscope, to analyze the morphology of the pit, hole or
cavity. Without being bound to any particular theory, it is believed that different types

of metals are characterized by a distinct morphology at the site of the pit, hole or cavity.

[0055] In accordance with the present disclosure, methods for
detecting metal precipitates in a semiconductor wafer are also provided. While the
above methods of delineation were described in context to the method of monitoring or
determining metal contamination by use of a SOI structure, it should be understood that

metal precipitates in other types of wafers including non-SOI single crystal silicon



5. The method as set forth in claim4 wherein the etchant is a solu
that conprises a conpound selected fromthe group consisting of HF,
K2Cr 207, wWo0208/07HNM@3, CH3COCH, Cr03, AgNG3 and m xt ur es PCaBEQ6/0559240
2011/ 077344PCT/ 1B2010/ 055925 21 18 6. The method as set fo
claim5 wherein the solution is an aqueous HF sol ution, the concent
of HF by wei ght being | ess than about 50% |ess than about 25% |es
about 10% | ess than about 5% | ess than about 2% from about 0.1%
5% fr omvwaddowst moltbotystelliabowier? o6 enitaalsbmalergmay detected. In onepprefetred met hod as

set forth i,n.claimb5.or .claim®6.wherein the,et.chant consi sts sent
vt or - ancprigofih e BriciBlads Sl RRAWART i § Mont RitRick aft ARG
et chant i(ge.HfclgRsted) by contacting thedwafth&itiRh Ageeoas Hredolftntth cicateqsi, one of
claims 1 to 8 wherein the delineating step creates pits, holes and/

cavi ti es lolestand/of epviticssuy tha dlenbsurfage ok theiwader-ab A neastha vies ef mated ur e.

10. The
et chant

{Egéég&g%?saatt ?%L frérﬁ;sﬁﬁaée”ofqﬂé’ Wity Phe ﬁhl?tihs%faéle ?fathg()va?er}f%grtg%rpi

conprises HF an e surtace O

tion

rth in
ration
s than
t o about

ially of
rein the

or

t he
con

| ayer i s tednipecteedomht prebbiec of phambldkand/at cdvétast Tabeuhcchtrida of the HFeast

about 4
hour s.

hours, at | east. about 8 hours rom ahout 8 hours to abou
soﬂmon and etcﬁl%g time are general?y descrcill;edf above. Once the pits, holes and%r

cavities are formed, their presence may be detected by directing light to the front

surface of the wafer to detect scattered reflected light.
EXAMPLES

Example 1: Detection of Metal Contamination in a Wafer Cleaning Step

[0056] A silicon-on-insulator structure having a silicon layer of a
thickness of 88.0 nm was soaked for 9 minutes in a SC-1 wafer cleaning bath (i.c.,
aqueous mixture of NH4OH and H,0,) that contained trace amounts of nickel. The
amount of metals in the surface of the wafer was measured by ICP-MS and was

determined to be less than 3 x 10° atoms/cm?.

[0057] The SOI structure was placed in the reaction chamber of an
epitaxial reactor and heated to 1100°C in an H, ambient for 1 minute. The wafer was
allowed to cool in the reactor by radiative and convective cooling to a temperature of
200°C and was removed from the reaction chamber. The wafer was subjected to a 12
hour soak in an HF aqueous solution (1 wt%). The wafer was rinsed and was inspected
(KLA-SP2). The defect map is shown in Figure 6. The defect map shows a high
number of counts despite the wafer being lightly contaminated. The defect map is

highly patterned with darker regions indicating higher amounts of contamination.

[0058] A second SOI structure that was processed in a SC-1 bath that
was not contaminated was also heated and exposed to a HF bath under the same
process conditions. The structure was also inspected for surface defects (KLA-SP2).
The defect map is shown in Figure 7. The structure showed less defects with little

variation in the counts.
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11. The nmethod as set forth in claim4 or claim9 wherein the etchant is a
solution that conprises a conpound selected fromthe group consisting of
K2Cr 207, wW0208/07HN@3, CH3COOH, Cr03, AgNO3 and m xt ur es PClnaBzab/ozsazs t he
surface of the silicon layer is contact®d with the etchant for at |east
about 1 second, at |east about 5 seconds, at |east about 10 seconds, at

| east about 20 seconds, from at | east about 1 second to about 2 ninutes,
fromabout 1 second to about 1 mnute or from about 10 seconds to about 1
m nut e. [0030] TWhemptteddciag ckatenfsmfitie prasant disehosure onfhei si ng

i nspectin he si liecaon-pon-insulator structure, f.or,the, presenc f.pits,

o1 s andPeeREASPEERAR KBRS buflisnfe b B MRP RIGSRGRaHAB 05 s
set forthnédn thdtahdre hee GiRMPMhdTE BYtHEicl@Edntd) OTHl taifths te@nfphiginkT, Oclgkiid"ace of
the silicon-on-insulator structure and detecting scattered reflected Iight.
14. The riddhbaviag’ aeintensied o poinghyiveraad grcap (thyt thera may be 3ddifieradi n t he

silicon-op:j re.d hermal | y anneal ed at a tenperature from
about 60%&%%%%%6@%}}[3%‘?%&%%0/ 055925 22 to about 1300C, from about
800C to about 1300C, from about 800C to about 1150C or from about 850C to
about 1050C. [0060] A4 %ariolkehagichoahildbe smile iroththbove agiparamskhadwher ei n

the silicon:on-insulator .structure is ermal |y anneal e t ot stated
t enper at dRanPay A onivic ko e thepe Q%Q&d&?&s i1 e Os Bt 15 seconds, at
l'east abqp}tc3Ro8meRHSthe @bot CRIErARAUNL D LhéW A Y Bic aBlonhRB$ingFRNAML sRaiM NUt es

or at |east about an hour.
be interpreted as illustrative and not in a limiting sense.



16. The method as set forth in any one of clains 1 to 15 wherein the
surface of the silicon-on-insulator structure is contacted with a gas

sel ect ed woamttd1es4gr oup consi sting of hydrogen, argon, RCTABZEOVOTOZE

m xtures thereof during the anneal. 20 17. The method as set
forth in any one of clains 1 to 15 wherein the surface of the
silicon-on-insulator structure is contacted with hydrogen during the

anneal . 18. The nmethod as set forth in any one of clains 1 to
17 wher ei WHARISCLASMIELDIS- i nsul at or structure is cooled to a tenperature at
whi ch the nmetal contam nants are supersaturated in the silicon |ayer.

19, The method as seta LM kPa3ANE AnliBhiR ik bRudlogse 0 the

silicon-on-insul ator Turei'soo € range of tenperatures
t hr ough vd@nmhumtoalmq@lﬁtc&,ItlﬁﬂhSthadieompﬂiaﬁg:vel y mobile in silicon to a
tenperature at which the nmetal contam nants are no |onger relatively

nmobi | e. 2Q. The nmethod as set forth in claim 19 wherein there

exists a tenper at urdPaYNGASLRORRRANSUELRR IR Ao BIPeessing stieBahGSEceR i n t he
silicon 'cﬁﬂﬁﬁul%fisthﬁ@ur%%ﬁl Hﬁ ”%ch%ncilé Wférhz?sﬁk’&?fa?é}t h‘ﬁcﬁé IR LRRRat ure to

the tenperature at contam nants are no longer relatively
nmobi | e i dehess thdnhandéﬁbwadfer Zl(d teailiche $ayet, hianstalsbut h&dhs e Cront esfct ban about

1C/ sec, less. .th ut 0.5C/ sec, .l ess than,about.0,.1Cl sec, ..f rom about
5 o0 s R oy Beneaiehe S5 4pBT G Mol SORtPITAIBE( o el chE B T o
about 1C/sec to about 5C/sec. WD 2011/077344PCT/ 1B2010/ 055925 23

21. The nethod as sBérnfa@ltaindalling &l $1idoR-@H-inchigiosi2éeties ehuve kil
contam nants are relatively nobile in silicon at tenperatures above about

200C, abovataatouts BILCsilisgdlagcrabdisolye0C or above about 600C.
cooling the silicon-on-insulator structure to form metal precipitates in

the silicon layer; and
delineating the metal precipitates in the silicon layer.

2. The method as set forth in claim 1 wherein the process is a
semiconductor process and the silicon-on-insulator structure is exposed to a

semiconductor processing step.

3. The method as set forth in claim 2 wherein the semiconductor process
is selected from a group consisting of polishing, cleaning, bond strength enhancing
thermal treatment, epitaxy, oxide stripping, plasma activation, wet chemical etching,
gas phase chemical etching, high temperature annealing, ion implantation and

oxidation.

4. The method as set forth in claim 1 wherein the metal precipitates are

delineated by contacting the surface of the silicon layer with an etchant.

5. The method as set forth in claim 4 wherein the etchant is a solution
that comprises a compound selected from the group consisting of HF, K,Cr,07, Cr,0s,

HNO;, CH;COOH, CrO;, AgNO; and mixtures thereof.



22. The nmethod as set forth in any one of clains 1 to 18 wherein there
exists a tenperature, Tsat, at which nmetal contam nants are supersaturated
in the siwocon/d7agser and a tenperature, Tinmobite, at wrCthBIoR/635925

contam nants are no | onger nobile in silicon, the nethod conprising cooling
the silicon-on-insulator structure from about Tsat to about Ti nmobile over
a length of tine, tool, upon conpletion of the thermal anneal, wherein
(Tsat Timmobile)/ tool is |less than about 7C/ sec, |ess than about 5C sec,

| ess than about 1C/6sebhe metbed ahsoh farbomtcl@msTvberein the sautigrars aalaqueovd. 1C/ sec,

v om a0ty 01088 36 ARB oLBFISEFel MARR DL 165 LR 1S o0

forth in aapyt 7996, 16ds tdredtdat 10%0ledBhuhebcRit B4, NRs SiahiabOW-200-ftdis Ub@ltor
structure is at tenperature, Tanneat, upon conpletion of the therml anneal

and t her &-Exite #Bow St dioar alawt 8,57 Ttondhest £%6 or abowiHi’eh net al contani nants are

no | onger nobile in silicon, the nethod conprising cooling the

si | i con- on- i nsul at of I HEhYS & (& ARPAMTAY LSt & Qnafagth,: Tidnmbi | e over a

| ength of time, tool, upon conpletion o ermal annea rein
(Tannea -comsisekich@dlly dfowatr angl HIeEss t han about 7C/ sec, | ess than about
5C/ sec, |less than about 1C/ sec, |ess than about 0.5C/ sec, |ess than about

0.1C/ sec, from abo . 05C/ sec to.ahout  10C/ sec,. from about. 0. 5C/ sec to
Shoat 58 see o Podt BisonehaERs et R P o s O AARRN i 25 5% L
met hod as set forth in any one of clains 1 to 23 wherein the dielectric

| ayer conprises a cpMPRUAEhsEhesk @t Qi Dnd 3f ciBing\Hio BivHsicHum: OXi de,
magnesi um oxi de, and m xtures thereof 25. The net hod as set
forth in dehycabing stsp cesagsrpitsihales ad/asayidipnon e fging perdace iof thegjlegoncinsi st s

essenti al. ' 26. The nmethod as set forth in any one of
cl ai ns 11{1%11%@5\?#3@&“ the thickness of the silicon layer is |ess than

about 250 nm | ess than about 175 nmor |ess than about 100 nm WO
2011/ 077344PCT/ 1B2010/0k58&bo®4k sct forth in any one @f7claifitsed, Gwir Rocheaasinslet forth in
n n f claij 26 wher.ei h nneal i r.for
:t ?lmgpﬁ e?qtgl% ‘?U 18 glga torcl) tha? comgriseels q{]?!; aned tﬁe sgr?'acgo? tl%esilic%nqgger ?'st co%lga%ltjetd
with the etchant for at least about 1 hour, at least about 4 hours, at least about 8 hours

or from about 8 hours to about 16 hours.

11. The method as set forth in claim 4 or claim 9 wherein the etchant is
a solution that comprises a compound selected from the group consisting of K,Cr,05,
Cr,03, HNO;, CH3;COOH, CrOs, AgNOs; and mixtures thereof and the surface of the
silicon layer is contacted with the etchant for at least about 1 second, at least about 5
seconds, at least about 10 seconds, at least about 20 seconds, from at least about 1
second to about 2 minutes, from about 1 second to about 1 minute or from about 10

seconds to about 1 minute.

12. The method as set forth in claim 9 comprising inspecting the
silicon-on-insulator structure for the presence of pits, holes and/or cavities in the front

surface.

13. The method as set forth in claim 12 comprising directing light to the

front surface of the silicon-on-insulator structure and detecting scattered reflected light.

14. The method as set forth in any one of claims 1 to 13 wherein the

silicon-on-insulator structure is thermally annealed at a temperature from about 600°C



28. The nethod as set forth in any one of clains 1 to 27 wherein the nethod
is capabl e of detecting nmetal contam nation |ess than about 108 atons/cnR.
29. The mwOhod/mE348et forth in any one of clains 1 to 2@CwhBroai/mssvire net hod
is capable of detecting netal contanmi & ion as |ow as about 1 x 107
atons/cn?, as | ow as about 3 x 107 atons/cn2, as |ow as about 7 x 107
atons/cnR2 or as low as about 1 x 108 atons/cn®. 30. The net hod
as set forth in any one of clainms 2 to 29 wherein the silicon-on-insul ator

st ruct ur goiabowUBPeE, drbm abauh 80&’€ hiocbaduii067C prang ebeit¥§0Yt tpabout
31. The a an f claims 2 to 29 wherein the
sili con-oriﬁ1t5 f\@u %? ng}lﬁ?f{f@tg}% 1?(&8%5% ed to an atnosphere in which the

sem conduct or processing step occurs. 32. The nethod as set
forth in any one OflSCl"l&ieri‘ﬁetB,odass%ﬂfdﬂhﬁh%idikntlh&wl&@ﬁhiﬂ@d siégitdri-bgtilian of the
delineated netal precipitates is analyzed to determi ne the

met al - cor{aRFRatithrgmatly apreated of e %aé?ﬁv CBIELIEETS Fange detgad deast about 1 33.

The et hosg &l ?tqgasft W 5 s@ccﬁf&g %Stogboﬁ{% §E§or?dst 1 ? g@kﬁﬁq' n{r@eats pati al

di stribution o its, l'es an or cavities I's ana etefmne the
met al - coribatmlvmﬁﬁmgnetfeﬁecatledstaHmltalehomonduct or process. 34.
The nmethod as set forth in any one of clains 13 to 33 wherein scattered

reflected light is rm.ne the cont mnatln ef fect of
t he seni conduct or p]% glleté Sndas B R D agﬁon%\%?lﬂbgdl tPo]% ‘?ﬂléetrget%g%g met al
preci p' tashﬁﬁcd &F the SiEBbIEORMMGTr swat@fc 1B%Mhtﬁéte@wﬁﬂhcbrgas%éléét@&ﬁomtthé met hod
conpri si ng: contacting the wafer with an agueous HF solution to

creat e pigreyp ¢roisstingnbityshrogeay prgpesiiseganradimishressthertalcduroi thhenngak er at or
near the sites of netal precipitates at the front surface of the wafer; and

17. The method as set forth in any one of claims 1 to 15 wherein the
surface of the silicon-on-insulator structure is contacted with hydrogen during the

anneal.

18. The method as set forth in any one of claims 1 to 17 wherein the
silicon-on-insulator structure is cooled to a temperature at which the metal

contaminants are supersaturated in the silicon layer.

19. The method as set forth in any one of claims 1 to 18 wherein the
silicon-on-insulator structure is cooled through the range of temperatures through
which metal contaminants are relatively mobile in silicon to a temperature at which the

metal contaminants are no longer relatively mobile.

20. The method as set forth in claim 19 wherein there exists a
temperature at which metal contaminants are supersaturated in the silicon layer and the
cooling rate from the supersaturation temperature to the temperature at which the metal
contaminants are no longer relatively mobile is less than about 7°C/sec, less than about
5°C/sec, less than about 1°C/sec, less than about 0.5°C/sec, less than about 0.1°C/sec,
from about 0.05°C/sec to about 10°C/sec, from about 0.5°C/sec to about 7°C/sec or

from about 1°C/sec to about 5°C/sec.



WO 2011/ 077344PCT/ 1B2010/ 055925 25 I nspecting the front surface
of the wafer for the presence of pits, holes and/or cavities.

36. The mwOhod/a34get forth in claim35 conprising direecirng2010/g8v23 o t he
front surface of the wafer and detecti?y scattered reflected |ight.

37. The nethod as set forth in claim35 or claim36 wherein the
concentration of HF in the aqueous HF solution by weight is | ess than about
50% | ess than about 25% |ess than about 10% | ess than about 5% | ess
than about 2% frorlabidetm@hadss st Eytun ckim OraelaabdGtwigrggemasalabout 2% or
about 1% met hod as . set forth n e 0f, clainms 35
fo0 37 wnePaimips 5 sty PoBul T MereS AL O dunlh 4PN ABF Ol "na e
39. The mebhozboas, splve bBGIIF00TT 8rybovseb&ft cobar.ms 35 to 38 wherein the
surface of the silicon |ayer is contacted with the aqueous HF sol ution for

at | east about 1 hour, at |east about 4 hours, at |east about 8 hours or
from about 8 hours 2% Hisdugthadas st fasth in any one of claimsglgto Hyjshergipilic as set

forth in any @{%Fn Qfat Gk ai"smsat%ﬁlpm%gll Mﬁ‘{uﬁingn% e d%’l‘%&%ﬁt%ﬂra?e@m the flhcon
si |icon-on-insulator striicture conpri sing an a silicon |ayer,
and a di dhgetand e tdrapyeatutze Tiveesn., thehichmditd coafaerinamnchrt he leigetr mohil¢ ayer .

silicon, the method comprising cooling the silicon-on-insulator structure from about Ty

to about Timmobile OVer a length of time, te,o, upon completion of the thermal anneal,

wherein (Tsat — Timmobile)/ teool 18 less than about 7°C/sec, less than about 5°C/sec, less

than about 1°C/sec, less than about 0.5°C/sec, less than about 0.1°C/sec, from about

0.05°C/sec to about 10°C/sec, from about 0.5°C/sec to about 7°C/sec or from about
1°C/sec to about 5°C/sec.

23. The method as set forth in any one of claims 1 to 18 wherein the
silicon-on-insulator structure is at temperature, Tanneat, Upon completion of the thermal
anneal and there exists a temperature, Timmobite, at Which metal contaminants are no
longer mobile in silicon, the method comprising cooling the silicon-on-insulator
structure from about Tanpeal to about Timmobile OVEr a length of time, teoo, upon
completion of the thermal anneal, wherein (Tanneal — Timmobite)/ teool 18 1€ss than about
7°C/sec, less than about 5°C/sec, less than about 1°C/sec, less than about 0.5°C/sec,
less than about 0.1°C/sec, from about 0.05°C/sec to about 10°C/sec, from about

0.5°C/sec to about 7°C/sec or from about 1°C/sec to about 5°C/sec.

24. The method as set forth in any one of claims 1 to 23 wherein the
dielectric layer comprises a compound selected from Si0,, SizN4 aluminum oxide,

magnesium oxide, and mixtures thereof.

25. The method as set forth in any one of claims 1 to 24 wherein the

dielectric layer consists essentially of SiOs.

26. The method as set forth in any one of claims 1 to 25 wherein the
thickness of the silicon layer is less than about 250 nm, less than about 175 nm or less

than about 100 nm.



41. The nethod as set forth in claim40 wherein the dielectric |ayer

conpri ses a conpound sel ected from Si 02, Si3N4, al um num oxi de, nagnesi um
oxi de, amstorhwtraIras t her eof 42. The net hodPa3/IBEU0/HTIOLIN in
claim 40 wherein the dielectric | ayer Zbnsists essentially of Si02.

43. The nethod as set forth in any one of clains 40 to 42 wherein the

t hi ckness of the silicon layer is |less than about 250 nm | ess than about
175 nmor |ess than about 100 nm 44. The nethod as set forth
in any one of cl ai r&. 3detrocthed ssrst Birth inley wad ef cliignsal w©ighlecreingke al silicon
wafer. WO 2q11/0 734§PtCH/1 é%lO/ 055925 26 45. The nethod as
set fort 'R émer SHECOf E1°% Oﬁ%hetr%piﬁssmerei n the wafer is an epitaxial

waf er . 46. A nethod for nonitoring the amount of netal

cont am nati on i npar28edhenh@hyddedes foithrinagy ans entleignduetXrwipreaess, the
met hod conpri si ng:

method 1s c%pable of detecting metal contamination less than about 10® atoms/cm”.

29. The method as set forth in any one of claims 1 to 28 wherein the
method is capable of detecting metal contamination as low as about 1 x 107 atoms/cm’,
as low as about 3 x 107 atoms/cm?, as low as about 7 x 107 atoms/cm? or as low as

about 1 x 10® atoms/cm?>.

30. The method as set forth in any one of claims 2 to 29 wherein the

silicon-on-insulator structure is subjected to the semiconductor processing step.

31. The method as set forth in any one of claims 2 to 29 wherein the
silicon-on-insulator structure is exposed to an atmosphere in which the semiconductor

processing step occurs.

32. The method as set forth in any one of claims 1 to 31 wherein the
spatial distribution of the delineated metal precipitates is analyzed to determine the

metal-contaminating effect of the semiconductor process.

33. The method as set forth in any one of claims 9 to 32 wherein the
spatial distribution of pits, holes and/or cavities is analyzed to determine the metal-

contaminating effect of the semiconductor process.

34. The method as set forth in any one of claims 13 to 33 wherein
scattered reflected light is analyzed to determine the metal-contaminating effect of the

semiconductor process.

35. A method for detecting metal precipitates in a semiconductor wafer

having a front surface, the method comprising:

contacting the wafer with an aqueous HF solution to create pits, holes
and/or cavities on the front surface of the wafer at or near the sites of metal precipitates

at the front surface of the wafer; and



exposing at |east one silicon-on-insulator structure to the sem conduct or
process, the silicon-on-insulator structure conprising a handle wafer, a
silicon Iagenil/andd4a dielectric | ayer between the handl ecnaBmno/essd2y he
silicon layer; evaluating netal contammation indicators of the

silicon-on-insulator structures; and verifying whether the
anount of netal contam nation inparted into sem conductor wafers is
accept abl e. 47. The nethod as set forth in claim46 conprising

adj usting the sem dosrdaitnihe prootswéice of thedvader fohtie paeronest ofgfits nhistled

cont am nat h@n m@uced into wafers during the sem conductor process when the
amount of et &FV'E€8ht ami nation is determ ned to be unaccept abl e.

48. The nethod as set forth in claim46 or claim47 wherein the netal
contami nation indi G# Ot rdtRod & eforth if ciimBst@mppiseg] dict@iCisght pé the,
cavities and/or, holes; and scattered light reflected fromthe surface of
the sili demtswfacshiha witesand dateptiag scattered reflected lighy.  The net hod as set

forth in any one of clainms 46 to 48 wherein netal contami nation is verified

by conparing the 'Th‘é%i%ﬂ[ £@§e't R iR GRABEG BBl AerGRMAM nati on

i ndi cators gat hered when evel of contam nation was determned to be
accept able@ncentration o68F il He agetdwsdiasolstain Hyowtight is lessyhanraboutf S00b,desss 46 t o

49 i.sing: | [ th i]i ; l.at o t t
9 SO G DETBLL SO0 D0 LU, LA 500, TG BBt e o
2011/ 077 344RG 1 ‘%33@3&&@55,9?0% about 0.5% to about 2% or about 1%.

38. The method as set forth in any one of claims 35 to 37 wherein the

aqueous HF solution consists essentially of water and HF.

39. The method as set forth in any one of claims 35 to 38 wherein the
surface of the silicon layer is contacted with the aqueous HF solution for at least about
1 hour, at least about 4 hours, at least about 8 hours or from about 8 hours to about 16

hours.

40. The method as set forth in any one of claims 35 to 39 wherein the
wafer is a silicon-on-insulator structure comprising a handle wafer, a silicon layer, and

a dielectric layer between the handle wafer and the silicon layer.

41. The method as set forth in claim 40 wherein the dielectric layer
comprises a compound selected from SiO,, SizN4, aluminum oxide, magnesium oxide,

and mixtures thereof.

42. The method as set forth in claim 40 wherein the dielectric layer

consists essentially of SiO,.

43. The method as set forth in any one of claims 40 to 42 wherein the
thickness of the silicon layer is less than about 250 nm, less than about 175 nm or less

than about 100 nm.

44. The method as set forth in any one of claims 36 to 40 wherein the

wafer is a single crystal silicon wafer.



27 cooling the silicon-on-insulator structure to formneta
precipitates in the silicon layer; and delineating the netal precipitates.
51. The mwOhod/a334get forth in claim50 wherein the del PoeaB2MYOISHED
creates pits, holes and/or cavities ot he front surface of the
silicon-on-insulator structure. 52. The nethod as set forth in
claim51 conprising directing light to the front surface of the
silicon-on-insulator structure and detecting scattered reflected |ight.

53. The nethod as s¥t Therméthghascieafonhsa aoppe pEélamspibdd ddivhgrein def ect map

by use of %he %catﬁﬁquzﬁgflected l'i ght. 54. The nethod as set
forth in CHdi HM*BSPRHEY e/ et al contamination is verified by conparing the

defect map to a defect nmap produced when the | evel of contam nation was
determ ned to be ace afktid for monitoring the amduntidféndi®tdoatnigatidat forth in
claim54 wherein the defect maps are produced using substantially the sane
process dowaited i wafers during a semicayiguctphproggsspibg meshodegoningising: i n ¢l ai m 55

wherein the process conditions include the thermal anneal tenperatures and

times, cooling rateg,aif JabiPBAL LRMRERERIRor structure to the semiconductor

process, the silicon-on-insulator structure comprising a handle wafer, a silicon layer,

and a dielectric layer between the handle wafer and the silicon layer;

evaluating metal contamination indicators of the silicon-on-insulator

structures; and

verifying whether the amount of metal contamination imparted into

semiconductor wafers is acceptable.

47. The method as set forth in claim 46 comprising adjusting the
semiconductor process to reduce that amount of metal contamination induced into
wafers during the semiconductor process when the amount of metal contamination is

determined to be unacceptable.

48. The method as set forth in claim 46 or claim 47 wherein the metal
contamination indicators are selected from metal precipitates; pits, cavities and/or

holes; and scattered light reflected from the surface of the silicon-on-insulator structure.

49. The method as set forth in any one of claims 46 to 48 wherein metal
contamination is verified by comparing the metal contamination indicators to metal
contamination indicators gathered when the level of contamination was determined to

be acceptable.
50. The method as set forth in any one of claims 46 to 49 comprising:

thermally annealing the silicon-on-insulator structure to cause metal

contaminants in the silicon layer to dissolve;



57. The nethod as set forth in any one of clains 46 to 56 wherein the

sem conduct or process is selected froma group consisting of polishing,

cl eani ng,wband/wtxengt h enhanci ng thernal treatnent, epPCAIAB201WHISUES
stripping, plasma activation, wet chemZal etching, gas phase chenical
etching, high tenperature annealing, ion inplantation and oxidation.

58. The nethod as set forth in claim50 wherein the netal precipitates are
delineated by contacting the surface of the silicon |layer with an etchant.
WD 2011/ 077344PCT/ 18x0me/tpsgbas-g8insulator structure tgornThietafrprchipdtates iset fort h
in clai mtg ﬁ/? in the etchant is a solution that conprises a conpound
sel ected T¥8 ?‘hé?‘yﬁ% consi sting of HF, K2Cr207, Cr203, HNO3, CH3COOH,
Cr03, AgN®B and m xtures thereof. 60. The nmethod as set forth
in claimb59 wherei ndé¢lheatid tht in@italipsecipitadgueous HF sol ution, the
concentration of HF by wei ght bei ng |l ess than about 50% | ess than about

25% | ess than about 1 t ha 5% | ess than about 2% from
about 0.1%to about’15% efr??fﬁ?‘g P%*%E} C{aémégdﬁl%er?%l%ﬁ delpgring sgp

61. The rng{hQ 1f§sh(f1§st arld®riBvitiBs 8111 ﬁferﬁoﬁ’@ s@FactloRitid s@l@co‘?f‘lﬁf fkiafope et chant

consi sts essentially of water and : . The nethod as set
forth in stuaium.58 wherein the etchant is HF gas.

52. The method as set forth in claim 51 comprising directing light to the

front surface of the silicon-on-insulator structure and detecting scattered reflected light.

53. The method as set forth in claim 52 comprising producing a defect

map by use of the scattered reflected light.

54. The method as set forth in claim 53 wherein metal contamination is
verified by comparing the defect map to a defect map produced when the level of

contamination was determined to be acceptable.

55. The method as set forth in claim 54 wherein the defect maps are

produced using substantially the same process conditions.

56. The method as set forth in claim 55 wherein the process conditions
include the thermal anneal temperatures and times, cooling rates and delineation

Proccess.

57. The method as set forth in any one of claims 46 to 56 wherein the
semiconductor process is selected from a group consisting of polishing, cleaning, bond
strength enhancing thermal treatment, epitaxy, oxide stripping, plasma activation, wet
chemical etching, gas phase chemical etching, high temperature annealing, ion

implantation and oxidation.

58. The method as set forth in claim 50 wherein the metal precipitates

are delineated by contacting the surface of the silicon layer with an etchant.



63. The nethod as set forth in any one of clains 58, 60 or 61 wherein the
etchant is a solution that conprises HF and the surface of the silicon

| ayer is wormbaat7esd4wi th t he etchant for at | east about PcChaBro10/63592ast
about 4 hours, at |east about 8 hours Bf from about 8 hours to about 16
hour s. 64. The nethod as set forth in claimb58 wherein the
etchant is a solution that conprises a conpound selected fromthe group
consi sting of K2Cr207, Cr203, HNO3, CH3COOH, Cr03, AgNG3 and m xtures

t hereof and the sur¥aclheahethérbassict farthnnickaymrs8ivsharein thacetelthnivstasoliiwnet chant
for at least about 1 seco ast out 5 s out 10
seconds, 07 soBREHtetirSnY sellin EOR b RaditTE XesdBobutho tbout 2
m nut es, fﬁmgm(&bgg@oﬂi sje(oprp@\t@ aldoniktukediheidbe or from about 10 seconds to
about 1 mnute. 65. The nmethod as set forth in any one of

clainms 50 to 64 wherein the silicon-on-insulator structure is thermally

anneal ed at a tenpéroatﬂ}eén?th‘éﬁﬁsaﬁbfﬁ“hﬂe(?@lmé Sapsigin fxpwdutioniiy Al about  800C
to about 130QCHH g&@é&g%écoﬁg%ag& GPHFtbyf orgﬁ&{ngf EQThAPAKY tg(?gc to about

1050C. as set I'n-any one o 3l M 65
wher ei n tlbs thid aboandits) lassuthat dﬁomﬂﬁ%(;teasr‘Ehanab(blhé%rﬁésbyhmmbeaﬂ2% fadmt he

about 1 BBl et shSASTo Fn o EERb et asabitidibut 30 seconds, at

| east about 1 mnute, at |east about 5 minutes or at | east about an hour.

67. The nethod as sAt fiRihdhddaddy fRihein @faidl RiFeld8 d00yKEeinMRS @tRunt he
surface of the silicon-on-insulator structure is contacted with a gas

sel ect ed dongpts ehrengalbuyf easersindtilhg of hydrogen, argon, nitrogen and
m xtures thereof during the anneal.

62. The method as set forth in claim 58 wherein the etchant is HF gas.

63. The method as set forth in any one of claims 58, 60 or 61 wherein
the etchant is a solution that comprises HF and the surface of the silicon layer is
contacted with the etchant for at least about 1 hour, at lcast about 4 hours, at least about

& hours or from about 8 hours to about 16 hours.

64. The method as set forth in claim 58 wherein the etchant is a solution
that comprises a compound selected from the group consisting of K,Cr,0, Cr,03,
HNO;, CH;COOH, CrO3;, AgNO; and mixtures thereof and the surface of the silicon
layer is contacted with the etchant for at least about 1 second, at least about 5 seconds,
at least about 10 seconds, at least about 20 seconds, from at least about 1 second to
about 2 minutes, from about 1 second to about 1 minute or from about 10 seconds to

about 1 minute.

65. The method as set forth in any one of claims 50 to 64 wherein the
silicon-on-insulator structure is thermally annealed at a temperature from about 600°C
to about 1300°C, from about 800°C to about 1300°C, from about 800°C to about
1150°C or from about 850°C to about 1050°C.

66. The method as set forth in any one of claims 65 wherein the silicon-

on-insulator structure is thermally annealed at the stated temperature range for at least



68. The nethod as set forth in any one of clains 50 to 66 wherein the
surface of the silicon-on-insulator structure is contacted with hydrogen
duri ng t hwoannealis4 69. The nmethod as set forCh/BLWIaN3sIZME of
clains 50 to 68 wherein the silicon-omn29 nsulator structure is cooled to a
tenperature at which the nmetal contam nants are supersaturated in the
silicon | ayer. 70. The nethod as set forth in any one of clains

50 to 69 wherein the silicon-on-insulator structure is cooled through the
range of atbeutple$e&t)nd @t lepstrabogfd selapeds, atdtast almnmﬁ@ﬁeqmad@@t kest abeltalt i vel y
nobile in_si can d as set forth in claim?70

wher ei n t'H&" o%tl e?‘igéal?o%tg nfnélu eégglttlﬁ§ﬁe%%§ %_r/ sec, |less than about 5C sec,

| ess than about 1C/ sec, |ess than about 0.5C/ sec, |ess than about 0. 1C sec,

from about 0.05C s&7. tﬂe&bﬂh@dé&ﬂ@f&@&mfahﬁﬁh@bﬁﬂﬁmﬂ BEbwecviepeiniaut 7C/ sec
or fromabout 1C/ sec to about 5C/ sec . The nethod as set
forth i n WrfassefAhe sficen-gpmsplateimgneiure lﬁéPIatPCt%Wtﬁé}rﬁ %@éﬁ%lgctaqi gopghat i vel y

bout 500 8 “ERBUEE of BIRGLAHESR, ARGKA ARG, A e G R i

any one of clains 50 to 69 wherein there exists a tenperature, Tsat, at
whi ch netal cont améﬁaﬁﬁlsmﬁrthoct@mtﬁmhljnangdnd: nfd:lalimséOItb(ﬁétheaqimtheand a

tenperature, Ti bite, at ich nmetal. cont s are no.lopnger nmobile in
ST oon. oo atieGharint R osbE Ay Raeart PSRt S BE S ruct ur e
from abouindgat to about Timobile over a length of time, toot, upon

conpletion of the thernmal anneal, wherein (Tsai - Timiobile)/ tool is |ess

t han about 7C/ sec, | ess than about 5C/ sec, |less than about 1C/ sec, |ess
than about 0.5C sed?- Tsdnethethasatsbinrthon pay eaeof ¢lpiom We 8 Whagsin the

2011/ 0773 4LP groln Egtﬁét% Qt?éc%%ré 1s3é)ooled to a temperature at which the metal

contaminants are supersaturated in the silicon layer.

70. The method as set forth in any one of claims 50 to 69 wherein the
silicon-on-insulator structure is cooled through the range of temperatures through

which metal contaminants are relatively mobile in silicon.

71. The method as set forth in claim 70 wherein the cooling rate is less
than about 7°C/sec, less than about 5°C/sec, less than about 1°C/sec, less than about
0.5°C/sec, less than about 0.1°C/sec, from about 0.05°C/sec to about 10°C/sec, from
about 0.5°C/sec to about 7°C/sec or from about 1°C/sec to about 5°C/sec.

72. The method as set forth in claim 70 or claim 71 wherein metal
contaminants are relatively mobile in silicon at temperatures above about 200°C, above

about 350°C, above about 500°C or above about 600°C.

73. The method as set forth in any one of claims 50 to 69 wherein there
exists a temperature, Tsy, at which metal contaminants are supersaturated in the silicon
layer and a temperature, Timmobile, at Which metal contaminants are no longer mobile in
silicon, the method comprising cooling the silicon-on-insulator structure from about Ty
to about Timmobile OVer a length of time, te,01, upon completion of the thermal anneal,
wherein (Tsat — Timmobile)/ teool 18 less than about 7°C/sec, less than about 5°C/sec, less

than about 1°C/sec, less than about 0.5°C/sec, less than about 0.1°C/sec, from about



0. 05C/ sec to about 10C/sec, from about 0.5C/ sec to about 7C/sec or from
about 1C/sec to about 5C/ sec. 74. The nethod as set forth in
any one oVocbhaiate3480 to 70 wherein the silicon-on-insul aCONBBK0/0EH2EF € | S at
t enperature, Tannea, upon conpletion of0 the thermal anneal and there exists
a tenperature, Timobile, at which nmetal contam nants are no | onger nobile
in silicon, the nethod conprising cooling the silicon-on-insul ator
structure from about Tannea to about Ti mmobile over a | ength of tine,

t cool , upgbPs°€owplt@atanh 10TC/sdve romerbont 0.5 el to abbrer’8Crse¢ Tapmaabout

Ti nmobi | /C tc olbi? less than about 7C/ sec, |ess than about 5C/ sec, | ess

t han abo {Lsf‘f Oe%,ou gs S¢han about 0.5C/ sec, | ess than about 0.1C/ sec, from
about 0.05C/ sec to about 10C/ sec, from about 0.5C/sec to about 7C/ sec or

from about 1C/ sec t7. abeuhcthéd &t forth in any one of cldis 506 708iHeasn dse set forth
in any one of clains 46 to 73 wherein the dielectric |ayer conprises a
conpound S$E90BtANGHSYIAERSIEIIe ISHARMPErAIUTfri Tnuen BRATI@MMHetiRRSitihihesndle, and

m Xt ures . he e . t - one of

cl ai o 2RSS tere cxists p termperdfre, Tk IF QeI A kor Ak, °0F & 02,
77. The rnetdrodcbslic setilitar, the mothadyompesing cadlmignbe dbcdmor-tswherei n t he

t hi ckness of the si Ibi C Ia@ is less than ab%ut 250 nm | ess than about
175 nm orSUUEWES pucat) (FORHS Timmovite OVET & lengthaf g, koarlPPibd as set forth

in any ongnffietondrM RO adfcaledin (t e, anneal, v & PrR1éQuERdiLBLt about
at nospheri c pressure. 79. ‘the nethod as set forth in any one

of cl ai ne/°&7set.dess8hathahost i°(/bee, kb4 thenaban -1 Gsed, dtse thagtabaett WP € /ses, subj ect ed

to the sem condyct pr.ocess. o 80. . The thod as set forth in
by one. drsdRA LG8 RS B gbaun0 PR s A S C NG PR R et r e i &
exposed tR5AWIsRUHVBANTPE/sbdloiidE RLEIE °ERBE EPAVIUESW/sqRr 0OCeSS occurs.

75. The method as set forth in any one of claims 46 to 73 wherein the
dielectric layer comprises a compound selected from Si0,, SizN4 aluminum oxide,

magnesium oxide, and mixtures thereof.

76. The method as set forth in any one of claims 46 to 73 wherein the

dielectric layer consists essentially of Si0,.

77. The method as set forth in any one of claims 46 to 76 wherein the
thickness of the silicon layer is less than about 250 nm, less than about 175 nm or less

than about 100 nm.

78. The method as set forth in any one of claims 50 to 77 wherein the

anneal is performed at about atmospheric pressure.

79. The method as set forth in any one of claims 47 to 78 wherein the

silicon-on-insulator structure is subjected to the semiconductor process.

80. The method as set forth in any one of claims 47 to 78 wherein the
silicon-on-insulator structure is exposed to an atmosphere in which the semiconductor

Proccss occurs.



