METHODS FOR REDUCI NG THE W DTH OF THE UNBONDED REG ON I N SO STRUCTURES AND
WAFERS AND SO STRUCTURES PRODUCED BY SUCH METHODS BACKGROUND

[ 0001] Thwofoeldért t his di sclosure relates to preparat ipom/uskoigiok39eon on

i nsul ator structures with reduced unbonded regi ons and, particularly,

met hods f or28p#béti®i ng such structures by minimizing the roll-off anount
("RAA") of RHe handl e and donor wafers. [0002] Silicon on

i nsul ator structures ("SO structures” which may also be referred to herein
as "SOT wafers" or "SOT substrates”) generally include a handle wafer, a
silicon | ayer (al so MAZHODSFORREDECINGIENE VEIDEREOF THEand a di el ectric

| ayer (such as atWNBONBEDEREGIONANS@NSTRECTARHSANDIWAFERSE t he silicon

| ayer. Transi st oraNDSOISTRUCTURESPR@PUECED BYISUGHY MEDAOBS structures
switch signals quickly conpared to transistors built on bulk silicon
wafers, run at |ower voltages and are nuch | ess vul nerable to signal noise

from backgr 1.c ray particles. Each transistor is isolated fromits
AR GRER RS

nei ghbor b e layer of silicon dioxide. These transistors are
generally imune to "l atch-up” problens and can be spaced cl oser together
than transi stors bui [00n D fieldof thsdisclvaire rdatesBuaipkaphnagorco ff clidcohenon SOT

structures .increases productivity. b |l owi ng, for. nore ¢ t circuit
desi gns, yi”éﬁuﬁﬂit?{(j %Plps E’ﬂﬁb%duﬁeéirly%%/dga.regmns A, partictla lﬁdﬁfgl]%pdggﬂr structures
may be prepasdding kiR ssiuttufed By wadiglifnsthe eboff ambus i(TRIb &) yethahdisi | i con
ingots grown in accQrdance with the Czochral ski nethod. In one nethod for
preparing aNGEPNUMAfEture, a dielectric layer is deposited on a polished
front surface of a donor wafer. lons are inplanted at a specified depth

beneath the front surdoazie Sificdi idamas: svatieres (‘G afrpt@celwamempy ane, whi ch
is generall erpendj cul ar to _the axis, in the donor wafer at the specified
depth at m#se%etrﬁ%@e%e P 2t BSOSO PSR sETghy PBdEBnor wal er i s
then bondediah@e dah@NdiIRoneyF (aRDChdri@eri M0 VB RURe B8 PlaRE 2 BRILRIcf Orm a
bonded wafer. A portion of the donor wafer is .

layer (such as an oxide layer) between the handle wafer and the silicon layer.

Transistors built within the top silicon layer of SOI structures switch signals quickly

compared to transistors built on bulk silicon wafers, run at lower voltages and are

much less vulnerable to signal noise from background cosmic ray particles. Each

transistor is isolated from its neighbor by a complete layer of silicon dioxide. These

transistors are generally immune to "latch-up" problems and can be spaced closer

together than transistors built on bulk silicon wafers. Building circuits on SOI

structures increases productivity by allowing for more compact circuit designs,

yielding more chips per wafer.

[0003] SOI structures may be prepared from silicon wafers sliced
from single crystal silicon ingots grown in accordance with the Czochralski method.
In one method for preparing a SOI structure, a dielectric layer is deposited on a
polished front surface of a donor wafer. lons are implanted at a specified depth
beneath the front surface of the donor wafer to form a cleave plane, which is generally
perpendicular to the axis, in the donor wafer at the specified depth at which they were
implanted. The front surface of the donor wafer is then bonded to a handle wafer and

the two wafers are pressed to form a bonded wafer. A portion of the donor wafer is



then cl eaved al ong the cl eave plane to renpbve a portion of the donor wafer
| eaving behind a thin silicon |layer (i.e., the device layer) to formthe
SOT st rucwonre11/106144 [ 0004] A |l ack of bondi ng or weeakl/usendionsy3bet ween
the dielectric |layer and the handle wafer at the periphery of the bonded
structure cGduskstltthe dielectric |ayer ahd/or the silicon layer at the

peri phery tR8Ibe renoved duri ng subsequent cleaving. This results in a SOL
structure that has a silicon layer (and typically also a dielectric |ayer)
with a smaller radius than the handl e wafer. The peripheral region of the
structure tthatcleoabalogs the nlehwecpdant h@l‘eﬂiolvb apartibayéﬁhe dsnaretaf@vaivingbl e f or

devi ce fabri dis also ote our a ticle

cont ami nat o tas ek St oGPt BRuE T Peg R BESOLaBBME Wi den of at 1 east
1.5 mmor even 2 mmand nmay include at |east about 2.5% of the SO
structure's surface H084] A lack of bonding @@@53k bdihigrgsbeigeca tlooditleaitie ng need f or
processes fo he S|I|Eon | ayer of the

P Poetore 1o SRONERFN wlf S ntEbEsT ol BF bortet e Tt ana Y b

M nimze thielsdiin @RS afd/oPhe 'Sllhﬁdrﬂayle@ at dehaaiheBto bSk&ME%‘{durmg [ 0006]
It has been found that m n roll-off amount ("ROA"), of the handle
a,véffrﬁé%fe%}#ts ?Ih% @ A

waf er and/ SFPEREHE BN tmg{uf%@fl&hﬂéaauhfwgwrré? drore bondi ng

and strongeypiboRdisea daélec&map&mﬁﬂamm@e& rmrsltmiﬁﬁyhaﬂmec\bafal lfgws the silicon
| ayer to extend closer to the handl e wafer ed %g upon cleaving. It has

further bedsriphsiHdegional thaiarcurathet deenent inghirde fhe silicon laygsis nplol | - of f and t hat
llack bri ghtafvalﬁd*bﬁ fgﬁcﬁ&%sfaﬂ}rﬁ)(ncﬁ%nﬁ @ﬁ&{@ﬁbtaﬁﬁa%ﬁmmmcl@ cl eaning operation

bet ween rough polishing and finish polishing steps. [ 0007] One
aspect of tchetapinatent Tldi voisddupaipherabiicgies mag e aawmﬂmfe% kastdeS pmoduci ng a

silicon on 'r@§éﬁ|23\%}81ran§ GAMIR at eQ& aﬁ&[)'i‘%w&eah EB ﬁcﬂx‘%gﬁr@sﬁﬂ gé Sepafer, a

silicon Iayer ectrlc ayer etmeen and the
silicon layer. The structure has a central axis, a front surface and a back
surface that are genHW08f] yThwes versditowingnepdior peoceser fonmanpdpaiuring

circuntf erentq,a) f&Q%%til We LiGor (ARG AOL0 ‘étosé&rtén%%ﬁ e?Podtth&g%q}fus extends
(0] %e circ %

fromthe central axis eren
the handle wafer and that minimize the sources of partlcle contamlnatlon.

SUMMARY

[0006] It has been found that minimizing the roll-off amount
(“ROA”) of the handle wafer and/or the donor wafer of the SOI structure allows for
more bonding and stronger bonding at the bonded wafer periphery which allows the
silicon layer to extend closer to the handle wafer edge upon cleaving. It has further
been found that handle and donor wafers with less roll-off and that lack brightfield
defects may be prepared by performing a cleaning operation between rough polishing

and finish polishing steps.

[0007] One aspect of the present disclosure is directed to a process
for producing a silicon on insulator structure. The structure includes a handle wafer, a
silicon layer, and a dielectric layer between the handle wafer and the silicon layer.
The structure has a central axis, a front surface and a back surface that are generally
perpendicular to the central axis. A circumferential edge joins the front and back

surfaces and a radius extends from the central axis to the circumferential edge of the



structure. A dielectric layer is forned on the front surface of at |east
one of a donor wafer and a handle wafer. The dielectric |layer is bonded to
at | east woeoofios6tae donor wafer and the handl e waf er toPComse@ioesvded
wafer. At | east one of the donor wafer and the handl e wafer has a thickness
Rol | - OF f  AmSuft-341R0A) of | ess than abowt -700 nm The bonded wafer is
separated dl@dng a separation plane within the donor wafer such that the
silicon |l ayer renmains bonded to the dielectric layer to formthe silicon on
i nsul ator structure. [ 0008] In anot her aspect of the present

di scl osur e stracthendediclséttic ger ioformnd o tik dronsdurfact efraglcastoheidesdamohandl e

wafer, a donar fer and ielectric, | aver hetwe the handl.e wafer and
e tonar - Jark ey B e G R kg oy A o BRL I Rty e ARG U0 o o
waf er. The vagardad tiRilahdlowaten td fosh b dbaded StafdiC Al (@sthdas ofthe @oridr alaf@xi s, a
circunferential edge apd,a radjus ex ing fr he central axis to the
ci rcunf er er?fliig}e héﬁ‘g%.wa%&’)hﬁﬁ%t wklé‘is\?\gg‘i'%} P‘étl(gg]ﬁs PgleFSd %‘}ﬁﬁﬁﬁ%@e handl e
waf er extengs THeAFRhidBw AR bphratidiafon@fa sbRatRAPARE withln thOForRAwhRS Ul at or
structure to a point_at |east about 98.9% of the radius of the bonded

si i con on speisthptdhoyilicon dgiet grmwins bonded to the diglentritpyqrio formihe filégong8pect of
the present,dis&!sRsung, a bonded silicon on insulator structure includes a
handl e wafer, a donor wafer and a dielectric |ayer between the handl e wafer
and the donor wafer. The dielectric Ia%/er is partially bonded to the donor
waf er. The bonded si [408%h Brinptheiasaecoet toe pigsqntfisclpaise. 3 berdedsiconxi s, a

circunt er enfyii Al £AIRARN iR1dREL HehdR 884 A8ndr lrv%@értaﬂ@a lE-Il%[&E{r@laﬂi( I's to the

circunferential edge. Bonding between the dielectric [ayer ard the donor
waf er ext erbdtveen gmhande wafer pad thedpnor gffarhdhbdinldetic &yel is oartislly i nsul at or

structure tb%n?&idgg itﬂ%thaﬁ‘&le L&/%%?t TﬂebtpolﬁtdecP%liijcr%oeéoﬁl(?ns%E?&tstrggu\‘?Og%si%ie%ggl radi us of

t he bonded 'si con on I nsulator struc et anot her
aspect of taks, prieseritrediabcdgosud e radsusadxiceding rotnchacesirhliaxerio ¢ i nsul at or

structure. The structure has.a .handl fer. silicon |layer. a dielectric
ayer et welnERETHEES Hitrak BRI e B R ae b gl B hp Y Sher e or  ace
bet ween t hextthéd fe@h tHeehtdyl @xis anthe bboeded amidbreomimbidator sthetubaiodipsintaf er has a
central axis, circunferentjial edge and. a radius extending fromthe
Contral axilgist opHiEH Ll o MiooBikgEcon &n SPHIOONTIMIEr ext ends from
the central axis of the handle 28744-34164 PCT wafer to a point at |east
about 98. 9% of the rpdools Bfa fulikersped] o thedredent distbosh@ngdbendadiicorhas about 3
or less bri %htfiel d defect? dof a silze regter than bguf 6. nm at the
i nterface, Onmsu ator structure includes a handle waf€r, a donor wafer and a dielectric layer

between the handle wafer and the donor wafer. The dielectric layer is partially

bonded to the donor wafer. The bonded silicon on insulator structure has a central

axis, a circumferential edge and a radius extending from the central axis to the

circumferential edge. Bonding between the dielectric layer and the donor wafer

extends from the central axis of the bonded silicon on insulator structure to a point at

least about 98.9% to about 99.9% of the radius of the bonded silicon on insulator

structure.

[0010] Yet another aspect of the present disclosure is directed to a
silicon on insulator structure. The structure has a handle wafer, a silicon layer, a
diclectric layer between the handle wafer and the silicon layer, and an interface
between the dielectric layer and the handle wafer. The handle wafer has a central
axis, a circumferential edge and a radius extending from the central axis to the

circumferential edge. The silicon layer extends from the central axis of the handle



[0011] A further aspect of the present disclosure is directed to a process
for polishing a wafer. A first polishing step is perfornmed that includes
pol i shi ngwvoheilvabem with a pol yuret hane foam pad. A cl eaoirrus26iti@p3dshat

i ncludes cleaning the front surface of the handle wafer is perfornmed after
the first pdl4shilifg step. A second poli%shing step is perfornmed after the
cl eani ng stB§d. The second polishing step includes polishing the wafer with
a pol yur et hane foam pad. [0012] In another aspect, a

sem conductor wafer has a central axis, a front surface and a back surface
t hat are gewderad hyoipestpendiboud Er9% of thheadosnt thelhasdle safea Thaloudieer enti a

edge joining.the fro nd .ba aces and a radi us_extendi fromthe
central axierdf feh pRRRREeRor AT « T Rl B o R R
rol | - of f armeice( ROA) of |ess than about -700 nm and has about 3 or |ess
brightfield defects of a size greater than about 6 nmat the front surface

of the wafer. 013] O her...objects.and features wll be in part
apparent and in partUyéikt%gméﬁ%a%@&éﬁﬂﬁﬁ%@?ﬁ O§EeﬁégEﬁFé¥VtN OF THE

DRAW NGS  process for polishid@ 2 4afdri @uiret pblislEn€4tgsis pSsitcdhayinelidef a donor waf er
with a dielecgtri

tric |layer disposed thereon, ) 0015], Figure 2 is a
or oss- sect IGHREE BFIE HE" doR re\?\';%ff%Foaﬁlrﬁfd_oliAeql%aBt‘}giSf?pI“%}é‘F?%%Qed to a
handl e waf @ganing the front surfact OOthS harfdl GHETEr i pbrFormel LAGIhSMET fobibhig ew of the
SOT structure upon cl eaving the donor wafer at the cleave plane;

[0017] Fi gufed- 4 sesond nofighyng deiris peikorpicd diterthaclgrafng stepe HEA8ECRAI | y showi ng

measur ene ntpoﬁghh%q%ép includes polishing the wafer with a polyurethane foam pad.

[0012] In another aspect, a semiconductor wafer has a central axis, a
front surface and a back surface that are generally perpendicular to the central axis, a
circumferential edge joining the front and back surfaces and a radius extending from
the central axis to the circumferential edge. The wafer has a thickness roll-off amount
(ROA) of less than about -700 nm and has about 3 or less brightfield defects of a size

greater than about 6 nm at the front surface of the wafer.

[0013] Other objects and features will be in part apparent and in part

pointed out hereinafter.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 is cross-section view of a donor wafer with a

dielectric layer disposed thereon;

[0015] Figure 2 is a cross-section view of the donor wafer and

dielectric layer bonded to a handle wafer;

[0016] Figure 3 is a cross-section view of the SOI structure upon

cleaving the donor wafer at the cleave plane;

[0017] Figure 4 is a cross-section view of a wafer schematically

showing measurement of ROA;



[0018] Figure 5is a top view inmage of a SOTI structure produced by a
pol i shing and cl eani ng nethod of the present disclosure show ng the
unbonded wogbhamosra4whi ch the silicon | ayer does not ext eqa/useoiiioe3ssgtge of

t he handl e wafer; [0019] Figure 6 is a top view i nage of a SOT
structure pPld#tédl® by a conventional pdishing nmethod show ng the unbonded
region in M&ilch the silicon |ayer does not extend to the edge of the handle
waf er; [0020] Figure 7 is a graph show ng the thickness ROA of

t he donor and handl e wafers for various SOTI structures produced according
to Exanple 1 and t he[0filglt hFigliretShea topbarvdimthge efja 80! ftorctueapdodsted gt ur e;

[0021] Figure .8 is .a graph shqw the front surface of, the. donor and
handl e waf dpQis FRIRERE e dt IR ot ru S Powt S E S ibtged BEicanpi o 1
and the w dikhah thidwliden bortlésts hegixend tothe edaivf sherlaalle efer; [ 0022]
Figure 9 is a graph showi ng the front surface shape second derivative (zdd)

of the donor and han ers f.or various S ctures produced
according Lo exanpt etp T EHE S ok o P Th SRbEEHES ORI PR Eacn

struct ure; conventional polishd@2dthddi sgor@g M vinBoried &idh i8 RkdWdhrge §ilient hi ckness ROA
of the donqr and handl e maferagfq; various SOT structures produced
accordi ng t&eEdempPLeendigthe restidbrhagtictérunbonded region for each
structure; [0024] Figure 11 is a graph showing the front surface
ROA of the donor and[doaeld| Eigivatias 5 gfaph shoinOhs thiéRheSIROK biithedogroduced

2? ?82? Iu::lg; ta?ld an%TJ)\!xfgferzs fgrnvgritogsesg\f sgrtucr:]tur%fs pﬁogﬁce%gggo%ﬁg torﬁ?alm%li]e { z?nrd each

the width of the unbonded region for each structure;

[0021] Figure 8 is a graph showing the front surface ROA of the
donor and handle wafers for various SOI structures produced according to Example 1

and the width of the unbonded region for each structure;

[0022] Figure 9 is a graph showing the front surface shape second
derivative (zdd) of the donor and handle wafers for various SOI structures produced

according to Example 1 and the width of the unbonded region for each structure;

[0023] Figure 10 is a graph showing the thickness ROA of the donor
and handle wafers for various SOI structures produced according to Example 2 and

the width of the unbonded region for each structure;

[0024] Figure 11 is a graph showing the front surface ROA of the
donor and handle wafers for various SOI structures produced according to Example 2

and the width of the unbonded region for each structure;

[0025] Figure 12 is a graph showing the front surface shape second
derivative of the donor and handle wafers for various SOI structures produced

according to Example 2 and the width of the unbonded region for cach structure; and

[0026] Figure 13 is a graph showing the unbonded width of SOI

structures produced according to Example 2.



[0025] Figure 12 is a graph showi ng the front surface shape second
derivative of the donor and handl e wafers for various SOT structures

pr oduced wocordiong4t o Exanple 2 and the wi dth of the unipomdsdoinmgisen for
each structure; and [0026] Figure 13 is a graph show ng the
unbonded wiZd7#t-é416SO structures produced according to Exanple 2.

[ 0027] Cor éslpondi ng reference characters indicate corresponding parts

t hroughout the draw ngs. DETAI LED DESCRI PTI ON [ 0028]
Multi-layered structures and, in particular, silicon on insulator
structures and net ho@®27jor Carapaclimngeidncednrotrrd indivdtatarespdndugt ur es are
general ly kn by, those skilled in the art (see, for exanple, U S. Pat.
Nos. 5,189}%8%&m§é%§£%f7gm§ﬂ%&6,790,747, each of which is incorporated
herein by reference for all relevant and consistent purposes). In an

exenpl ary pECESED DESORIGTHGNa mul ti-1 ayered structure, two separate
structures are prepared, bonded together along a bond interface, and then
delami nated (i.e., ¢ j . hat is different from
t he bond interface ah@aﬁﬁﬁ%ﬁﬁhggggggﬁsﬁ%%%é%qg %kgﬂ%?%gﬁghné?ﬁgﬁ&iechnique.
One st r uct utrectinss tnydomethddsyfor bdurcingdilicon as ishietot brarvdlres"armgdnerallfor st ruct ure)

and the other i i ly referred.to as .t " r" fer (or structure).
00207 A cirgph By 0% e 5 oF e st e 315 e N80 5 HBB: (The”domor
waf er, the susadl7e aidb,290, 717, Bzhldf which & int@phetd hagintyacdancs foand handl e

together. In this regard, the SO structyres and t hads for. preparing the
sa structd@ﬁ?méWELﬂ%§§WW6@Hmﬁ§?é?ﬁn§§e WW&G“Q“&&@W ?%?Hmhﬁyer deposi ted

or grown ongfche sdonark, M@fs%ﬁar@tegm@&ur@@a&ie BRpibe voHidiasa Rt alohea band! e waf er

bonded to the surface of the dielectric |ayer. However, it should be
under st ood ihtRERcet 4 thnedebistingted (i.gy eleaveg)along gicaiiptiarplasse it dffesnt t he

handl e waf gfon@lhk 8bRBhlcYREYardwHith BY@kdn fQHnédovie%rPl‘Mp'P&taQi"on @&Hﬁaﬁéi ng the
dielectric layer on the donor wafer and that these structures nay be bonded

in any of tdre siaethisustyaiceingtmsd tasasthe TrondleT wadcr e stowrturRednd tertecrherein to
t he d'6|ecﬁgh%k%@yﬁﬁmgﬁkﬁgmgé%RB&?QmQ&(&H@mF@%%Ie waf er al one shoul d not be
a Imfmting sense.

consi dered 1 0] Typically, at l|least the
donor wafer and nore typically both the donor wafer and the handl e wafer
are conposed of si ngl082%k yAtdadlectrid lpyeo maydf deppsitddowmehesurface efitbeil d be not ed

that other d%h&f Mf&%h%thﬁr‘dﬁé &%%gﬂr{%éggo%%gn(?#%{%e t%ﬁnc%h& Lénldfbytgéez%rand/ or

het erol ayered structures w arting e presen osure. In
accor dance Inthtisiregind, the 86 sttuctirscind snetteds fonerdpamd) tbe BT grucameb/aos t he donor

\ggr g\r/\/ ggﬁvg ﬁ%@@%@ﬁerrlenzlgg hal%)fnghaa chielg&rig paygrdc%%osrit%h lof é)ruvn%n uenc{ong;wa 61:' ) that is
and as having the surface of the handle wafer bonded to the surface of the diclectric
layer. However, it should be understood that the dielectric layer may be grown or
deposited on the handle wafer alternatively or in addition to growing or depositing the
dielectric layer on the donor wafer and that these structures may be bonded in any of

the various arrangements without limitation. Reference herein to the dielectric layer

being disposed on the handle wafer alone should not be considered in a limiting sense.

[0030] Typically, at least the donor wafer and more typically both
the donor wafer and the handle wafer are composed of single crystal silicon wafers,
however it should be noted that other starting structures may be used such as multi-
layered and/or heterolayered structures without departing from the present disclosure.
In accordance with the present disclosure, the handle wafer and/or the donor wafer are

characterized by having an edge roll-off amount (“ROA”) that is below conventional



28744- 34167 PCT donor and handl e wafers that are used to produce

mul ti-layered structures such as SO structures. [ 0031] The
handl e waWerzomnénéetae obt ai ned from any material conmon i RCTHS2@02390T
preparing nmulti-layered structures, such as silicon, germanium gallium
arseni de, S8l4cénloger mani um gal liumnitride, alum numnitride,

phosphor ou®Clguart z, sapphire and conbi nations thereof. Similarly, the
donor wafer nmay contain silicon, gernmanium gallium arsenide, silicon
germanium galliumnitride, alumnumnitride, phosphorous, quartz, sapphire
and conbi nabharemd hhelleehfersTypiacalstd tolppadee multi-hgerbdsidicairasafidr & SOId donor
waf ers used, according to the nethods of the present disclosure are single
crystal si ISR Vaf er s and generally are single crystal silicon wafers

whi ch have been sliced froma single crystal ingot grown in accordance with
conventi onal CzochralRi] cTlystaatlle gradaninmg breblaodd frodsaing ueieriat he f ol | owi ng

di scussion frequently refers to a specific e of nmul.ti-layered structure,
oo oS0 " ephtnap e bl S R PO iRshEBE s RhatHiba pBYEHES. T shont d
be not ed t halliuidesdaardikconabefanamd/ganiuiohetride diminead aftril@plopuedug bul k

silicon wafer subjected to the po|ishj and cl eani ng st eps descri bed

bel ow) usedUfi a@eﬁ%ragwcf@”}maﬂogﬁéefﬁ&eggrﬂﬁafm g’EIdB%QErV@nyHBm&Wy di anet er
sui tabl e f qflicysechiariltRSRIIRM &¥dntde, difconh@rm@dnturh, RalIMeH MGidef Mmigxanpl e, 200
mnm 300 mm _greater than 300 nmor even 450 nm di aneter wafers.

[0032] Ref éifidp@hewheogyauart, sappairetdcrmpratignpdheraad. Tupigally hawsrdri con oxi de
and/ or si | GO RICLEAFGE al PYSRE) whiSrsdSRPRL AL ¥R nRddS BEde hf0k surface of a
donor wafer 12. The dielectric layer 15 may be applied according to any
known t echriiglesutcaret siieglegrystalsitichn wefersrad ancralki aasingn crygel silbsendat i on,

ther mal I LEERLARA 197 fhof QAL AR £0n AL A NESRL SRR EmaRrTR! | Y

speaki ng, the dielectric layer 0 a substantially uniform
t hi ckness suhfangoehCzedrakoviystel griveindesithrodsl Ansushaté frglopingphsctissesm i n t he

final structure., Typically,.however, the dielectri.c l.ayer has t hi ckness
of "at T eastt UGy MRHTF Ambeins R Sl o6k % o ShrdifuRuuc S00°nm

| ess than dbethtidGrposes. [Ie88s tehad, iastould bk50tadnhat ledandlbaafabaddr 100 nm or
even | ess than about 50 nm The djel ectric |ayer 15 nmay be electrically
i nsul at i ng tﬁ%&m Siec e Btma i Yaersugegiecio il ine SybHoanen ot or i al
conpri si ng s@ipQdesciHbedMeiovd lubd iR 4EBoehEewitiOthe gmaﬁaisummhﬁ?be h&y one

enbodi nent, the dielectric Iager 15 is SiOz $i,e. the dielectric |ayer
consi sts esiumatsrariapbleior eedy)thospgfirkjlsn the art ingludmepfor psymgle. £A4M™M.n sone

i nstances, 30b iR Yerhdr @R30b ¥eh ¥ Ben BECHET @Rh&el Qaftige @ material for the
dielectric layer which has a nelting point which is higher than the nelting
point of pure Si02 (i.e., higher than about 1700C). Exanples of such
materials are silicolf0atk rReferpgiaiigyre lap dislcqtimlaier delc-Laridiltqinesi um oxi de.

oxide and/or silicon nitride layer) is deposited on a polished front surface of a donor

wafer 12. The dielectric layer 15 may be applied according to any known technique
in the art, such as thermal oxidation, wet oxidation, thermal nitridation or a
combination of these techniques. Generally speaking, the dielectric layer 15 is grown
to a substantially uniform thickness sufficient to provide the desired insulating
properties in the final structure. Typically, however, the dielectric layer has a
thickness of at least about 1 nm and less than about 500 nm, less than about 300 nm,
less than about 200 nm, less than about 150 nm, less than about 100 nm or even less
than about 50 nm. The dielectric layer 15 may be any electrically insulating material
suitable for use in a SOI structure, such as a material comprising Si0,, SizNy,

aluminum oxide, or magnesium oxide. In one embodiment, the dielectric layer 15 is



[0033] In this regard it should be understood that, while the SO
structures are described herein as having a dielectric |ayer, in sone
enbodi merwe 20tielodi4el ectric |ayer is elimnated and the RramaiSeomat3®s7 and
donor wafer are "direct bonded."” Reference herein to such dielectric |ayers
shoul d not 2é44cdhsi dered in a linmiting Sense. Any one of a nunber of

t echni ques Bélown to those of skill in the art nay be used to produce such
di rect bonded structures. [0034] lons (e.g., hydrogen atons,

hel ium atons or a conbi nati on of hydrogen and helium atons) are inplanted
at a subst &0 @kl yaeudniﬂléomimhaﬁqneomslisitse@ismlépiﬂymﬂﬁﬁeammh@ ifttscmbe sated ace of the
donor wafer, to defi I.ne u d be not t hat when
conbi naci ot &y SR B i B RER T e M o R ER R Urr ent 1y o
sequenti al |dy{eleo|t1<imlaydi‘]9\l'l~@dlhtla's amltﬁ@poblewehibhhﬁhdgﬁbru&hm@ wEanspkmin i n the
art. For exa this i ant at o be achjeved a manner simlar to
t he procesdY gqpélg)F BSedighfr ISa OP‘hiﬁﬁ &F\llcyﬁxa@pgée%sﬁﬁ%maieﬁﬁl?é ngCPBn par amet er s
may i ncl udetriO(Sie%RMRIngnurh BR&HhAhaghesRin b08s to a total dose of about 1 x
1015 to about 5 x 1016 |ons/crr2 at a tot aI energy of , for exarrpl e, about 20

to about 125 keV (e. y be | t an, ener keV and a
dose of 2.4 x 1016 @Hé? 1SWWIQB@B er\‘& ST¥ReGhat; ﬁﬁ ‘&:S t he dose
may be adj L&&h&dreb%‘&@@ﬁb&&‘l@er&ﬁ At Odlel0dirit RRS:, ﬂl%@ﬂl'é@hl'ﬁgdhﬁleﬁt@ ﬂga He ' may
be inplanted at an energy of 36 keV and a dose of 1 x 1016 |ons/crr2

fol | oned byliglgeiriq lﬁrmramlwn%t@d%wté%@ngv vrerggd denpr apafer areddiectof 5 x 1015

i ons/ cn?) . ponded ” Referengé)ﬂ)e?’éll thh%H dfe[@{n%%ﬂ]fs sﬂ@ulﬂﬁot&%%ﬂﬁ@f@gh R or to
deposition of the dielectric layer, the subsequent growth or deposition of
t he di el ectliniting sppea Ay anRef alowpberwéfeehnifuss £oowiatsl thosgof slaMl retlic att a
tenperature low g g)p 4u Rl \&g&;tbglga%gwﬁe eparation or cleaving al ong
plane 17 in the "dono ?ayer ? e., prior to the wafer bondi ng process
step). The separation or cleaving tenperature is a conplex function of the
i npl ant ed speci es, i [B9B4INtlods Gas.crydepgen itpmb.dwliet atpntser b apmbipigaady |
typically, VOl intaining a
dopos: t1 on 1SORaRE ieheRER ARy B iRplfis TR 8RR G ARl Sedabba iR 00

Ref erri ng rixemeaﬂnthFiﬁgnnrwerqe dfitte donomfafsuofdaﬁ@ a)cfleetvhplade &7.elt slraudd beayer 15 i s
t hen bonded éﬁtﬁﬁt ont . surfac g a1 tg r 10 t £ rma bonded

waf er 20 t HPSlgh? th &P%Bﬁf“i“?néo onY rﬁémBra%é? Ferectric layer 15 and
handl e waf &bn&ﬁreﬂWorﬂﬁqMﬁd@d Ib@glqildiiﬁartlobyna@m@shla@dmmg maﬁsaﬁlemof t he

wafers to a as contajning, for exa en or nitro Exposure to
the pl asma o 68 W@PL%_ _58@%@ G bE et B4 Ry BUASS B ¢ on
referred t%r@e%ss%ﬁcicﬁ@@mﬂgsl%ﬁédt% 6T¢€7Wﬁﬁﬁﬁn@ﬁ&1ﬁéﬂﬁﬂet&ﬁﬁﬁ§6d together and
a bond at the bond interface 18 is forned therebetwe [ 0037]

Prior to bondidsglor exannieinplantatio ofiions typ &t dors of abaifdrx ¥hdthahewl & waf er nay

optional I'y ypngeng9cH a@@%tﬁlgzna?g/oprfoﬁex%bl%fab%ﬁtcjﬁ'tngodgll@-f‘?er\’ &al ign, or
pl asma activation to prepare el'r surfaces for bondin us| r{ghtechnl gues

known in t Weaydietimpiantef etan dyeigiigf Rekel el adgsapt 2.6 vl 1§r 1@%‘@@}: e s
general |y Q‘Sln'bﬁl\é{?& éfﬁéﬁs il Ps%dQH9H6s%¥?a9fbetaH%st§{i L%t%@%tﬁ%%&ﬁﬁﬁah?ﬁl ofhe SOT

structure is, In e surface prior to
bondi ng. AthStaICOHéJhgly (etheqmaj' be Wﬁp@fntdd@ttmwgﬂzféé kalaod atlgselwdndi ng wi I |

Ih?l‘;/:r ?agler el%t6 018 caﬁgtfol oQ)vedq)e Pﬂu?‘nlqlolg%eg 4t a%tetrle%g oth 48quVt 53 u'ft 5419 bond

10" ions/cm?).

[0035] When implantation is performed prior to deposition of the
dielectric layer, the subsequent growth or deposition of the diclectric layer on the
donor wafer is suitably performed at a temperature low enough to prevent premature
separation or cleaving along plane 17 in the donor layer (i.e., prior to the wafer

bonding process step). The separation or cleaving temperature is a complex function



[0038] In sone instances, therefore, the dielectric |ayer and/or handle

waf er may be subjected to one or nore of the follow ng procedures in order
t o obt ai rwof2or1/exampl e, a | ow surface roughness (e.g., &CTalsgimMesmw3df | ess
t han about 0.5 nmroot nmean square (RMS)) prior to bonding: (i)

pl anari zat i28#4y416f or exanpl e, CMP and/%r (ii) cleaning by, for exanple, a
wet cheni cdlCTcl eani ng procedure, such as a hydrophilic surface preparation
process (e.g., an RCA SC-1 clean process wherein the surfaces are contacted
wi th a solution containi ng anmoni um hydr oxi de, hydrogen peroxi de, and water
at a rati o obthe imptanedamaies,, imblaﬁteﬁ@lom; atail'mpﬂan&!ﬂ@ld‘tﬁ'ral abBowtve20 m nut es,

foll owed by a ql oni zt % %¥ é? B - bot h of the

sur f aces nﬁﬁmz1§bm8%?u§ﬁﬁP¥?“E%H§ EFE%F%& o) E%I5§W%pggpﬁ&atlon after, or
i nstead of ,depdrstionet glveR tenipgraplrOBESS absutisogease the resul ting bond
strength. The plasma environnment may include, for exanple, oxygen, amoni a,

argon, nitrogen, dib e, hos nerally
speaki ng, wafer bondﬁ&g&na§8%§£§8ﬂ§3%gﬁuﬁ§%Hﬁfggggﬂ?c%qu i#@qgﬁchnlque
ll;nmém in t]t]eyeant is tﬂé’nﬁbhd@ﬁo&ﬁbefr(ﬁiﬂﬁfr@}ée foﬁﬂldhﬂﬁﬁvdf@ lach feme tfo?ﬂaﬁtl gn gf t he
ond interface is sufficient tq ensure that the int gr| y of the bon
interface ﬂ§§§u@tQPH%Ha%NW?&E&“&WB@&&HEW?ﬁ 5B%$§@Pﬁﬁ tsmmﬂQVQF t ransfer
by separ at ivaseraloRg delRndddasyen® by émh%tﬂeanfwe@taﬁthé frabdis oAgldgaor wafer) .
Typi cal Iy, however, wafer bonding is achi eved by contacting the surface of
the di el ectePpigmningyfr cxareple. Wéygta@a nigrogeyt dixpaturgtortbeiplesne pedifeithe (e. g.
about 50 ”Eﬁﬁ&ﬁm%@qm%hﬁ&QQH%J%H&%£9&&&@&n@@kﬁ%%ﬁ@m@¥aﬂ%ﬁ&i”ﬂmﬁt an el evat ed

tenperature (e.g | east about 200C, at |east about 300C, at | east about
400C, or emera@relt@@t@tresa@bggetm@m} a boyrd a4 thebond bitesface ib%mf@mtledf time (e.g.,

at | east aqR#&m&Qmﬁeconds at |least about 1 mnute, at |east about 15

m nut es, east about 1 hour or even at |east about 3 hours). For

exanpl e, the heating may take place at about 350C for about 1 hour. The
resulting interface HRy7lhakieordo bendengsthe evrdachs eftihe diclscige dayeeandt han about 500
ml/ n2, gre r ,

even greatgéﬁ@%gﬁﬁg §§8H%B%@9§%¥%§ﬂ%?ﬁ%g% %@é %&ngﬁgg%h?é?ggmﬁgéée the
formation qmmm@m&hanmnmqndsm@$3ms@ﬁwmﬁbradpugnmm@t@bn@uﬂémowﬁutme donor

waf er and the nd| e .waf t hus sol.idif |n nd t e donor
wafer and the ‘R EoiEREs o colfiRBPuispho X ent e SRS PR B Rubieal g o

t he bonded o\ﬂlﬂfee;ihcoh befaconsthe 8OI bteuctiral arjagda functtdne)fdmrtplahmt&re weaken t he
cl eave plan ortlon of nor waf hen. separ at

cl eaved) al Bﬁ@ce T ohesdias- %Eﬁw St R Beiet S Mo PIoRTRe SO
structure. will have a direct 1rr[p@9c4@]th&ﬁ1laﬁfy drReedpangk thoteufi@dcoonascteaen forned, the
resul ti ng bonded structure is subjected to conditions suff|C|ent to |nduce
a fracture along the tlon or cleave ne thl t he or, waf er
(Fig. 3). Generally E@g domfﬁts?n??sa Fﬁ?foéeﬁl%ﬂ%\ﬂé t%‘c‘: VEvE 0{1 dls

t echni ques wdf@Whayi 02 sh @ct@dﬁo,ongUﬁﬁo@%f&ﬁ&ﬁmlhgpﬁ)@é&@és ieRiBARIobalid,y i nduced
cl eaving technlques pi cal Iy, however, fracturln% is_achieved by

anneal i ng tiexBERked O&WtﬂPéglﬁ]FSSa(egeﬁﬁ%tgath af lsgs than gbeptt> BpEeRt” 200C, at
| east aboUtme%QQ&laréﬁRM%ggﬁoﬁQ@HﬁdlﬁQ% lﬁltanka%%ﬁﬁo agPUlanpROEMPInglgast about
600C, at |east ab or even at |east abou¥ 800C (the tenperature
being in tHa) ¢1@mlg@hytforfewntémrvmtehena%utea@@@mw@um ag@0C, or from about

250C to ab u | east
about 1 i npispRAFAERL pRoREELAaRk: Ry A 3P AR MR B *Ehen at
| east aboutsuBadeparesoftastehwith gh@utlatmmpenmtgmmsometqmydmn@e lydmgter anneal

ti mes, and V|ce ver.sa i hert r n|tr en) atnosphere
or anbi ent °&8 dm Mgwgﬁaaya“%OO?Qbr?%ﬁﬁ?]?Fﬁoahﬁ?gﬂgbgf tﬁ% to be noted

t hat in an mahtites, dsltdwed be rartaleﬁtnﬁedttvatet tinss aB@ pP&ingd.i Ofc difﬂy)t}b@ftheﬂdmfaeﬁ or

achi eved by ne for ei t her one.or in.addition to
el i ng. RS neranlE o oHKCBEHOSa Ol 651G BT 4D Oh U it ur e i n

whi ch mechamdagiak pfeeEs o insreagithé ROuIpRE ReRdirerttiar THDIdshR caPRaPiRg Si des of

t he bonded mafer in_order to pull a portion of the donor wafer apart from

t he bonded MfiBfludeafs sxune rBeSoHBMARAHEEY, NEQETT BiROEIHST BRSPS | | zed to
apply the nmechanical force. The separation of the portion of the donor
wafer is initiated by applying a nechanical wedge at the edge of the bonded
wafer at the cleave plane in order to initiate propagation of a crack al ong
the cl eave plane. The nechani cal force applied by the suction cups then
pulls the portion of the donor wafer fromthe bonded wafer, thus formng a
SO structure.



[0042] Referring to Figure 3, upon separation, two structures 30, 31 are
formed. Since the separation of the bonded structure 20 occurs al ong the

cl eave plwpeoti7iobra4t he donor wafer 12 (Fig. 2), a porti eaTafS2athe2idenor

waf er remai ns part of both structures (i.e., a portion of the donor wafer
is transferzrgéﬁ‘ﬁé‘lléng with the dielectril®@ layer). Structure 30 conprises a
portion of Be donor wafer. Structure 31 is the silicon on insulator
structure and includes the handl e wafer 16, the dielectric layer 15, and a
silicon | ayer 25. [0043] The resulting SO structure 31 includes
a thin layer of sili 0689 25G¢rtek'eélypp¢aﬂ<irxgnwafbr bdndirrgomuyrbewa}ﬁie%dnmimgi ning after

cleaving) dis d atop the dielectric |aye and l.e wafer 10.
The ol oave SuPFaBerSt RGeS R wofMed nt R R P SRS con of
t he donor wafeitipn bathe aoﬂdm@kfaﬁdiﬁ f;wfﬁaeﬁthabnyﬁfeythheheslmgﬁﬂyemtlteyooaaim ti onal
processi ng.. The structur rrgg/ be subjected to addlsh?gnal rocessing to
produce a SPIFIRESHS uspaed Efﬁrfga*& HUAt H@C%“é’éﬁg eflyl 1 of Bt §S?H'5‘ i8Bvi ce

fabri cati onidngenedthve SHERahBsH pMERS] 7 iReUd8or \f/zﬁér) exgnelle, hdwedtced surface
roughness, and/or a reduced concentration of |ight point def ects.

[0044] | n aedgheadieeisgchinvaddy Oﬁwégtmtth?ﬁ%@:%fdhﬁedlehe%c Horcndws er and/ or
the handl e Wadietvakts 8Ch Ife@uo%aﬁféésru?e &he Bk 5§Mm)laﬁ@at*}§&ﬁt&lﬂe94t&re0ff armount

(ROA) |ess than conventional donor and/or handl'e wafers to | nprove the
bondi ng betfokerediivdicafinglagen eleeatidagmperaiiet (e ahlgrrtkoup2dBE, #tleashe peri pher al

edge porti %Béé%octd‘%t RORAES F4d- %Cér%gn at'?% 4t 2 arHXufg%&rﬁa erm ned by

wel | known ustry measurenment protocols. Particu may be
measur ed ugiengd oftendheigghit ledatahomri()fsetcloedsast lchssmootsbuhumye M ledfi shou et al ., "A
New Met hod for t he ise asur.enen of f of | i con

Pol i shea vdp b e85, IS 20RO 5 b8 o). e huyodhey “lni i 1

i ncor por at eﬂath%rrmmal&yplacefaeatﬁmcﬁsobo iforadbbutr il oay. altie ramhrcgoﬁistfs&eemy pur poses.
General ly, the thods of Kinmura have be @dardl zed by t i ndustry as
by, for exdHbt &Pondapaheat ingirat than fpqu o &) 'Y Swlfo Edge

Geomet ry ushing?, Bedater eah 2@ USG0 mRAA dr Ry@ gréataalﬁaﬁ)ab()&%m mMM’Cchries al so
i ncor por at ed herein by reference for all relevant and consistent pur poses.

Most conmercgvatef {enppsityrahiaasatls Exmptipnnd cpyalent bopds befwsei e adieingite- pr ogr ammed

to cal cul atyg-fRof bl Maf 6fd RORaIRY whier, dRE SN NRE tRYbHRADMNccR KLA-Tencor
Wafer |nspection System usi ng Waf er Si ght anal ysi s hardware (M1 pitas,

Cal i f or ni a)the donor wafer and t{'@h}ﬂl le waiferh GO@@lére@ﬂﬁ with gheicaineeor4am@ire of a waf er
20 is generpl ﬂ&ﬁdgﬁvgfe g?sbe\érl{e? 15'1{19 &J@B@x@afgf)%gk%n {RLicaf?2 and P3)

along a wafer ra erence ine R etween two points (P1,
P2) and t heldnhi Adoptainmtf tl(d:!&)noﬂ wdsr wtltehlscpaamecb(mnutlaaweébhjmg}ibq: tleom E of the
waf er Wnerelrol lomtfhgb degonée Ielsz/ tt) rved The ROA is the distance
bet ween the T&ference 1ine (ﬁthe p0| nt P3. The annul ar edge
portion E of the wafer generally extends froma point about 98% of the
radi us of the wafer {0946] heA&drgbe hlfndtilhterfwaﬂlesrbeeﬁtﬁcrrrried,sthams@ting' n a 300 mm
di anet er fe he annu rtlo t 147 mnfromthe
central a;\ﬁ)s ée%d %rHCture \ Surbjegtneg nB(% r}ﬁ?lﬁn Qb lécre aeaa Silire élIlﬂlég ¥&f erence Iine
R may be fistpedioasr aleﬁverrﬁatnewltﬂmthb dm&)aIWaFdr I(llﬁg03’) a}ehehalltﬂspeﬂdﬁg tigol ynoni al .
For purpos of the di scl.osure, the referen e line is fitted as a
First of der ey e HrBIH Wi SRRUE kopPdp ity Such as thermally nglgbag) |

thi's regar dnechécalyndae L@y S&ﬁniqﬁest erypkalf, hbwevtr, fidfikiag & deiveddack
surface ROA or thickness ROA e., using an_average thickness
by annealing the bonded structure at a temperature of at least about 200°C, at least
about 300°C, at least about 400°C, at least about 500°C, at least about 600°C, at least
about 700°C or even at least about 800°C (the temperature being in the range of, for
example, about 200°C to about 800°C, or from about 250°C to about 650°C) for a
period of at least about 10 seconds, at least about 1 minute, at least about 15 minutes,

at least about 1 hour or even at least about 3 hours (with higher temperatures requiring



profile). Front surface ROA and back surface ROA neasurenents involve
fitting a best-fit reference line R between Pi and P2 al ong the respective
front or weackiiswsfsiace and thi ckness ROA involves fittingCa/usesit/o3g71i ne
for the various wafer 20 thicknesses between Pi and P2 (i.e., the thickness
ROA t akes i287#H-atl®ount both the front ahd back surface). Roll-off anmounts
recited herf&iTn are thi ckness ROA neasurenents unl ess stated ot herw se.
[0047] While any of three points nay be chosen to determ ne ROA, one comon
met hod used in the art includes using a first point that is about 82.7% of
t he radi us sbértdr hencabfiecs, ﬁr[d)&ritd‘}’besahgemd&‘rah gt (8.gohrgbher mabgm)and a second

poi nt that |ts about 9 of ;the radius fromthe central axis of the wafer
to form thé PEPEFeRcE" l?lﬁfg%ﬁhloﬂ*?ese poi nts are about 124 mm and 140 mm from
the central axis of the wafer in a 300 mm dianeter wafer. A third point
about 99. 3% of the rEﬁOHU]s hxfthitsk@amﬁfisno bermdthetinemahtmaﬁaxi s (i.e., at
about 149 mnb {jg{a a ax % % ametﬁ \éhafer may be used
with the di%t 8%16%@“ %\%68?{3‘ Yemp% elr‘“glhcc?gof?c EVEhY PRESOAMFPE' P65 ht  bei ng ROA.
ROA may be fﬁﬁ&%ﬁdl(ﬁﬁro@ﬁﬁadﬂﬁhgﬁﬁ@%nnéﬂdigl Flof mlstbl&ey\aé Bdéncﬁﬂdzaﬁ%ﬁfa%@ed fFor

i nstance, the . radi | .angul ar aced across the wafer may
be measur ed3AY" wg?ftaf@éla hielymeehidrca @écelp@&hﬁ%p @dff@%%m@aow%eragi ng
the ROA of s@iegbtthé Bélided Wafed in ortifl8o BlIOAborkidslbf thatofdr wAkr apf frddthe 180, 225,
275 and 315 in the R0 coordinate system as described in SEM M9).

[0048] As eB¢adi el Aedingtin sonmopetipdes SHOEMRAHPS AtsytiliARAdP ¢ePly e f r ont
surface pr ohdchfricdp ke, StHelafifah Of inoBoffon bRIHE DRSS\ ALl hifitcdth) Lhis Tegard,
"ROA" as used herein refers measured by use of the best-fit

t hi ckness ppplyinge ni¢chenical mdgﬂ@’qé@@M thabdnded whtgnatghe ¢legve pbane frace ROA) of
t he waf er r i en 84% and
03, 306 of |t R o g oo B P e e

annul ar edgleplmdrhyltbﬁnswﬁoﬂ tvps weh enlldtbe portian oBe 88600 fvafen Eomatbe bmdeaiml ess
stated ot herval % { q/l ggrdl, it has been found that the thickness ROA
better corrélates Ogmnﬁﬁro S4U88%di ng i n the bonded structure and to the

di stance to which the silicon |ayer extends to the wafer edge in the
resulting SO struct [ﬁOéZ]asRefennhngrtceEigtlm 3t h@nfsematiwummctﬂmw Blanples 1

and 2). st.nod th n regard to
fhe thi ckndssroppet i5ia teb o S bt Gat RORHE A ebittonE Tite el or *heconss
thi cker in pldns 1pex ihpldeficklwagatde (PiQr2)i ®portion dfttic Henod wakeg ednavs praurasber i n which

t he wafer ones less thick i eri pheral .edge. port.io In this
regard, usgj STRHYTSS %&@Mr%élt&ﬂr@ﬁg TP TR PR SRS an' ROA amount
(ei ther negmdiécne 1@§erp0&hfctuv&30 ¢mrﬁ@%@ﬁmftﬁmnmw‘kﬁ Striict@rer3ange fromthe
recited anount_to about O (e. | ess than about -700 nni refers

to an ROA r%glécoafona%@forﬁmurﬁﬁv@ Bekienthe banglsgvafer IRohe dfcleciriedaye han about
700 nnt refigr &t Qidion BHA 290 the range of about 700 nmto about 0).
Additional Iy, use of the phrase "greater than" in relation to an ROA anmount
(either negative or FOSI tive) includes roll-off anmounts in which the edge

portion of the wafer 0083k uFcetultigayPlistrasiicd iastydes a dumtayer Spilicpe waf er

than the regi {h% off8RWPthe donor wafer remalhﬁlg%Qir ché&vﬁ%?&lﬁﬁ)@&f:ﬁoﬂ\fhkh enbodi nent s
of the present i scl osure, the donor wafer upon which the dielectric |ayer

i s deposi té?delm’fmgllﬂmm5(a@<ﬂ the hgndleywefsi0. shisoditane prface oitbn SAhstatsturhe
di el ectric é'?‘ytﬁé t@?&%‘i‘g‘ﬁ%m{‘@ﬁh@&nﬁ%aﬂ) ha$§§outgﬁ' fa%? ‘A may g‘g Onm I'n ot her

enbodi nent s, e donor wa ess t out nm | ess
t han about snﬁﬁﬂ’nechhy addets:slatﬂTawsamg)uThe-s&@aunrﬁl rhayds sulb]acrte@locaddltlomo nm | ess
t han about -250. from about -50 nm

oot R T Dl T B s AP s R SR sVl 221 0
t o about Micﬁmtother‘edilo nSuzb esturesli0fudvyfdrexabgeltredud@Dsurfate roughness,

and/or a reduced concentration of light point defects.



[0051] Alternatively or in addition, the handle wafer to which the
dielectric |layer and donor wafer are attached (or, as in sone enbodi nents,
upon whi ovotzhe/setectric | ayer is deposited) has an RORCOfUSk@I®239han about
-700 nm In other enbodi nents, the ROA of the handle wafer is |ess than
about - 600 28A¢4-B€l$s t han about -500 nml2l ess than about -400 nm |ess than
about -300 B | ess than about -250 nmor from about -10 nmto about -700
nm from about -50 nmto about -600 nm from about -100 nmto about -500
nm from about -100 nmto about -400 nmor from about -100 nmto about -300
nm [ 0052]00#4h] tﬂniascarda@ae d/ithw%uﬁreenthﬁsctoehﬂe thé ormnouafers recited

herein are t ti the r off of the handle
or donor vvﬁ‘f%@ ﬁﬁil? %dé %af‘tlse %eltaﬁ% Sﬁim C&i"triég?‘lveamQOffatneélgtthan about
400 nm | egRrOMY&d3s ata@utnvzﬁ)ttbnlamonbeaﬁi/drthaxtma@@ﬂets td @fprova thé bemdigbout - 700 nm
to about 4 0 nm qr from. bout -70 to.about 10 Further, in certain
enbodi ment theigler By sand thﬁgﬁnﬁéwrl%&w b erﬂ?da%euﬂ%st%tﬁ

i mi tati on.bonded structure, RAW03) gtﬂeretmgsoe@tt%ﬁmh@ce@, Vavrgwnadustryn addition to
the thickness ROA, the second-derivative zdd") of the front surface shape
of the dondRCasHENEH PEIPAISe Fkicalarly JroAmsy %wrectumgﬁbt Boight dai8ndi ng at the

bonded str ygitle & ARISLAE, Y1 KAGCAALNSINCL RRaSEGoNE. ietiyat i ve (" zdd') may
be | ess than about - m m?, |ess than about -800 nm m®, |ess than

about -600 Mfrﬁsme@rof Mt:r Radlsof T efd hcantPolished Vaor, nipmafre Apel. ths .plom about

-1110 nm ! about -200
nm nme) . {mg% 03?%932999%3&1@%%§%%ed2g?“ﬁ@p}égrencg?oggpg%lg/%%n%%ber in which
t he edges abndisient parfpescsr Gkherally, (hic rmthodamhlﬁlmm@haxteﬁzeerastamﬂardmdﬂoeltheof t he
bk ConaPds A S AR e VD, Plh i By M R e 01 e
phrase Ies@eotrfeaptus1theimfﬂAmme]lt,&{(D,®r(tPfeh')malagecmod) deich saldove anount

i ndi cates t.hat the éecortt) eriv ti\{\e E? zdd' % isS.in a rang fromthe recited
anount to é‘b‘i?tltor@e erﬁm Y& ?8’&“ rglexant gathcangisight PUPASe- refers to

a zdd in t hemhRRGAIyQva kbR afedthGdcidh vERinbmstage @E@bﬁgrzﬁﬁmecﬂ@&:al@dﬁw”ﬁy be
nmeasured across several radii of the wafer and averaged. The second

deri vati ve B4 Epidpstyice dsmpebe sreraingddynge t’ff"?elc%f@f‘lc‘?rﬁt’%fe”sever al sectors

(e.9., 2, 4ngBetdhn %eﬁ%tngrwafe@tQIt EFsi HREdwRge AVRIAME@Grhihpnt - side profile
for each sector. The zdd rmay be determi ned for the average Tront-side

profile of each sector and then the sector second derivatives my

be
averaged. In this ref&fd WiB refagnentp b +&4 ate walce?hisgreerrdlbt er mi ned by
aver agi ng the4edd B?fefel‘@hc@@cf ﬁ'feesp%ﬁtttm HRhEP dg? aﬁ)hgﬁ%fé?trmﬁsWAse

[ 0054] By reducing t handl e onor wafers, bonding

bet ween theeféi‘eetlfe]@terﬂeﬁ@Qé?tWaﬁwV‘tOH@HH&@dal%) gufthe thad ptf’tdile(ﬂablrlﬁtspher al edge
Do oS OhwilPaPARIEHBR UM LT ONEG dhlorPivcolthighafly €, T educed.
bonded area 1s I ncrease an ext ends oser to the'circunferenti al
edge) as cobtpavad Te Wd@ﬁegtsmmhmwnﬂhm@fme prnolaoethe thisihpoconvent i onal
handl e and gdo t he oved bondin the silicon
ayer ot g BSaleRERs el A it ber@ ey ERGRTRPb P B or 1 he
handl e waf &8yt & tkM‘Madlhls bfthbszafwmjtﬁele@etoétheojzaéavmngmsthmet hea 30bamded structure

i.e., before ng), the dielectric | | east ially bonded
Lo the handiEnnarirat i e oAb b R TS Sl ® of he
bonded si | igr@R vaifer ang dktdhidlto SHewigdrietige. tTheaefPRh Y liRR heRsé finkiodita 98. 9% of

the radius of the bonded silicon on Insulator structure and, in sone

embodi ment Sirstogdes lipgr fipe g a thisd exdenpplyronnd. Fos prpeskeoithgpigent t o a point at

| east aboutyiQR,H¥0 @E rdrddence Fdb Uit af @ ikt BRALNncA! lid 8ARLs @peyt 99. 6% of the
radi us of the bonded silicon on insulator structure (e.g., to a point from
about 98. 9%iffsenibiout 99. 9% of the radius, from about 99.2%to about 99.9%
or to a point fromabout 99.5%to about 99.9% of the radius of the bonded
silicon on insul ator [@&UCtkis tepafdOROANSEARC&prdsitdadn #0s smadended silicon
on insul at or structure bonds bet ween the di elpectrl c layer and the handle
waf er may SRR A Irack srsfageROAT thigknsssROAKEe. sisingenaverageghighenss 148. 35 mm
fromthe central axis of the bonded structure or to at |east about 148.8
mm at | east about 149.4 mmfromthe central axis (e.g., from about 148. 35
mmto about 149.85 nm from about 148.8 nmto about 149.85 mm or from about
149.25 nmto about 149.85 nm. To determ ne the extent to which bonding
occurs in the bonded structure, the bonded wafer nay be cleaved in half and
anal yzed or the resulting SO structure nay be anal yzed for the presence of
the silicon layer. In this regard, the phrase "at |east partially bonded"
may include arrangenents in which bonds extend to the circunferential edge
of the handl e and/ or donor waf er unl ess stated ot herW| se. In this regard it

o o, N . N Y L



(e.g., to a point from about 98.9%to about 99.9% of the radius, from about
99. 2% to about 99.9%or to a point fromabout 99.5%to about 99.9% of the
radi us ofwohellandie wafer). For instance, in a 300 nm 8OI/GskeoOLIBE, the
silicon | ayer extends about 148.35 mmfromthe central axis of the handle
waf er or t@8a#4-Bel@st about 148.8 nm atl3| east about 149.1 nmor at | east
about 149. £XGimnfromthe central axis of the handle wafer (e.g., from about
148.35 nmto about 149.85 nm from about 148.8 nmto about 149.85 mm or
from about 149.25 mmto about 149.85 nm). [ 0056] The extent to
whi ch t he girdfileorFromyperface RiOsasl Haok shrace ROA wfastemetandobevdatirgra may be

det erm ned Jby,.for ex le, view n he structure upder an,optd cal

o oscope Ry rterReeTR KEenkiaRet Al by ok e B o PR PR a | o

i nt erf er enaad @ickne@ROA RIVG)venTiting a o €it lidnfoe e pHalsyvaféragehioknetdae top of an
SA structyre is_sho in Figure 5. The SQ structure is partjally covered
by the sil i%@twevgy@rdv%ﬁlea*ﬁ%ggﬁkpa%ﬂi%taik?ﬁdm?&égouahb%%?@@ ad e on 69 t hat

extends fraqmids rREGeramotits FddReShrdif B thiaMREs BOAtRatitemedgeI&Q of the
wafer (i.e., the surface of the handle wafer nmay be seen in the unbonded

regi on 69) statedotherwise. [0057] In this regard, it should be understood that,
as used herein, the wwdth 60 of the unbonded portion 69 does not include
the bevel ed region 6hoaf] t Wailvaiyesr thriEOoikE YRl ed chaeh lodidrhmiR@ads from the
waf er apex 54 which appears as a |.i glht band in the image to a change in
contrast rEPerYREeRMs{odyrasiatheragignoludss yiag e diyt peipehiet iyabouhe2. (inénded

regi on 69 E{Pfé1%81%ofﬂh@Wa?eli]%oﬁld[%c&]ﬁapixistd”f‘%hehﬁé'f@ﬂ & a%@&'n%oih?tlh%ﬂ? edge 52 of

the silicon layer 65 rather than fromthe apex 54 to the silicon wafer edge
52. The darakoyt@giddnofahoiadius fremahesengal 4xss of thahwzfonto perotiihe eaferdunciling

m cr oscopy e - I, I'n

addi tion tgeﬂgggﬁgﬁpg%%f%@%ﬁ?ﬁﬁﬁgﬁﬁéﬁﬁqﬁggg%é 88%“%%%%&“%% %%§§§§ed in the
SOT st r uct W06 nmaiaalcsowbfer.cAaliakpoentiabed 988 Yhafthaugdas bHithe avarten friomof
brightfielghdefgqts.gn thebfﬁﬁq5 sugf ace oftthe.?es Btivﬁf“a ers.

Bri ght fi el d"UEPEEEISEhe 1 HA S P FARE B AR B 651 JlFeP AHB B HANdI e waf er
\éve?ken thg vageiimae byveed v&ifhf&hddiﬁ’t@ﬂiceajﬁdwehﬁﬂﬂlreflemﬁ&ﬁhh}eaihd'tH&ehiS(i Er)](&'ntOL thef .
ef ect and cause VvoOj to formin the SOT siljcon |ayer. It has been foun
that the wariieiidti Eﬂ%f@aya‘emn@%faﬂmg“s%&a%ﬁ Ol AR P LR resul t in a
vafer w th Rbautanc, He R®S8f D4 @itrhdiLdndudad escsd Ko tiRl fergh8aeer than about
6 nmon the front surface of the wafer and, in some enbodi nents, about 2 or
| ess, aboutMepsigpd mesaycigrede\FoR IsEness RQHy e pemerspisd 0y avtragingths BG4y eat er t han

about 6 “Woféﬂgh@ﬁa&!@(édg{ﬁhé’ei@ﬁtr@&lfiétto!o,%a,wo‘ih13%‘5‘,918@@@950,Q’Pﬁ\ﬁaH@‘Z?S"'iESS than
about 6 brightfield defects of a size greater than about 4.8 nmor |ess

t han aboutTMQRﬁﬁﬁgﬂmﬁﬁﬁW§@@G$debbﬂbv§%Nﬂ§ﬂ@®ee of brightfield defects of a
size greater than about 4.8 nmat the front surface of the wafer.

[0059] In some part'th@r_&E@%Hﬂ&ﬁﬁb&m,%E%f@yﬁk%%ﬁmﬁkt&H?hM@R@deoes not
contain any observable brightfield defects of a size greater than about 6
nm and has fent ROAacoprofiles back atacg peajtle ortbigknsy prefily. In thesssgarthaiQfoout - 600

nm |ess t L - - ) . - about -300
nm or IessQgHgﬂqgﬁ%h?ﬁggggﬂ%%?gﬁéﬁ%@ggPﬁg£3%Fﬁéﬁgﬁgmgg%%%ﬁggﬁggﬁgnethods
descri bed beklbwsaR@Adederthdyeditout tstrface R€Xd ¢hetvoalbramid ®limadfict odemor waf er s,
they may be. applied .to fers er al,L %, ncl udi.n or exanpl bul k single
crystal si ﬁllng(%ﬁlngvgsf %brllghefv#ﬁeweﬁ%t %d’cﬁg gggé%é’r%ﬁlileymglggaf%e iwra%F oW w&thﬁ/af ers that
are furt herefehracastigrin thednagartvdyé pgtibrovd tanwufiet Seind atl9pidghéffthetadiudef ect s
(e.g., no brightfield defects.greater than nmin size). [ 0060]
The resultﬂﬁgg%%fﬁi?£ﬂ®?%%i%t Vk:) é%hﬁge%ﬂgW%g%@ﬁbﬁgﬁig?sFéﬁhced amount s
of brightfile dateet ® ialrde boitig! hagasonbet Weerd e ty tkidatmcd @yer s whi ch
results in stronger. bonds between the various |ayers of the structure and
causes | esS'lidi §8 sifigerrlgyenerigndsie thsiwafer shegigheiesiltgeet Ol sieiuis@s st ruct ure

i ncl udes aqohgggaﬁﬂﬁgﬁgﬁgmﬁggIyﬂg(g&@mﬁQQQﬁgzyayer and the handl e wafer and
an interface between the dielectric |ayer and the silicon |ayer. In various
enbodi nents, the handl e wafer may have about 3 or less brightfield defects
of a size greater than about 6 nmat the interface with the dielectric

| ayer or, as in other enbodi nents, about 2 or |ess, about 1 or |ess or even
is free of brightfield defects of a size greater than 6 nmat the interface
with the dielectric layer. In these and in other enbodi ments, the handle
waf er may have | ess than about 6 brightfield defects of a size greater than
about 4.8 nmor |ess than about 4, less than about 2 or even is free of
brightfield defects of a size greater than about 4.8 nmat the interface
with the dielectric |ayer.



dielectric layer or have about 2 or less, about 1 or less or even is free
of brightfield defects of a size greater than 6 nm In these and in other
enbodi mrerwe,20tthweslitl i con | ayer may have | ess t han about PeThIseghipivet d
defects of a size greater than about 4.8 nmor |ess than about 4, |ess than
about 2 or 28V&h341$ free of brightfieldlflefects of a size greater than about

4.8 nmat tHd interface with the dielectric |ayer. [ 0062] The
detection of brightfield defects may be performed by conventi onal
techni ques known to those of skill in the art. Suitably, brightfield wafer

i nspection tools or HMAAK i keklduldispedtisond thaoROAhamtgryd & the thidkhéssel d
detector such..as a .KLA Tencor Surfs SP2 fer | ection system may be
used to detEalCHpPgEmoate AR PLRICh e ardDecomARECr 18 RAPRGIFT Lt ur e
formed aft edgepeasi ignijite degaivewain®er iatwhidhaehseveRyiescpmaniessthiyk beits
characterized with ROA' s at the various fer ipnterfages that are

subst ant i alPCYPRTHCHE P He MREIREGE. Bhar HaRBEE T dFISRaFBr: BUBR wat er
whi ch are usedrRDA MAAHEEhdIBeBRk oBpdsiRk P nBicatiBahBORDA Waf £fangly have an
ROA of |ess than about -700 nmat the interface with the dielectric |ayer

and, in ot HEm baBsdrhrnewnt tq aeut § (g 2R of doe thithabewsOGmaeEBout - 500
nm | ess than, RBAULnsARAATL7d087S tol 0B (PRAURL ROYOFF AL Ha§3Bodthae about - 250

nmor fromabout -10 nmto about -700 nm from about -50 nmto about -600
nm from abottretensgo amkOroindhoinge Fodow 0 imdarbiolr Addigmahynusdofabout - 400

nmor fr Omt@@g%s'e'“éggte%ﬁ"%n ?3%8%6@1?9 gﬁ%@ﬁt‘unﬁ @g%%?%git%@%ﬁ?mtm} the

dielectric onor andl e waters used to
produce t hend@Es sill-eff tmpentsmmywibeh thb tdgerpedionyof $ieivedfergs funthervafagrfeont r om i ngot s
formed by the Czochral.ski process an ubjecting the wafers to further
processingfﬁfg%ﬁfﬁg?éﬁggfv ﬁgﬁﬁH$%F§9%§§nlggsubjected to a "rough" polish
and a "finish" polish. Advantageously, nethods for preparing handl e and
donor wafers with rel0@50ehnyuctatanROAIthrohbwditmnty ef fhe beserivdisglhsure.el d def ect s,
I n one

or with no prightfield defect have. been. found, . [ 0065]

o more ariBdtat it GothET de e MEERs R sronton P o £ et
pol i shi ng sh®pdinsnpeudoarwhidh thodiskieib 1dybeis bomdt) Bddrah ROA afldssapdnl onal |y t he
back surface ar olished (i.e,, a dou -side polish i rfornmed).
General |y, PR¥ -‘EQHD anh Ogh%%mm%}gﬁnt&ag? Rbﬁ Qi doPEER L 1958 e Aol
roughness abod kg, Wafiem ab6utd500 HONES than apskite409mnuéds twafaBsy: -300 dngss t han
about 3.5 A to even as | ow as about 2.5 even about 2 A as neasured

A
with an at d?ﬁse‘:hap@la@é-%ﬁoé%%%%athO%t%gaw-z?%@ fsm abytit>01nmp fom x about

11.. t m to %99&['[-6(5'@[9&;frm%ugggyhm]tggbo& 40 nnf- @lonPbbo R385 nAfto Ltus
specification, surface rou%%ness is expressed as the root mean square (RVS)

unl ess i ndi-6&f & obfrevaahpus el 00y tprabpwl-Pehimg typically results in renmoval of
about 1 pmto about 20 p.mand, nore typically, fromabout 5 iumto about

15 pmof material fr Rj@jl]h eAFféilﬁsit%Sf Rfn ﬁ(ﬂ@do\f’@-tfh@ handle wafer to which the
dielectric layer and donor wafer are attached (or, as in some embodiments, upon
which the dielectric layer is deposited) has an ROA of less than about -700 nm. In
other embodiments, the ROA of the handle wafer is less than about -600 nm, less than
about -500 nm, less than about -400 nm, less than about -300 nm, less than about -250
nm or from about -10 nm to about -700 nm, from about -50 nm to about -600 nm,
from about -100 nm to about -500 nm, from about -100 nm to about -400 nm or from

about -100 nm to about -300 nm.

[0052] In this regard, while the roll-off amounts recited herein are
typically negative roll-off amounts, the roll-off of the handle or donor wafer may be

positive without limitation (¢.g., less than about 400 nm, less than about 200 nm, less



[ 0066] The rough polish (and the finish polish described bel ow) nmay be

achi eved by, for exanple, chem cal-nechanical planarization (CWwW). CW

typi cal | ywonvolwest4t he i mrersi on of the wafer in an abr @snus2el1023997 and
polishing of the wafer by a polyneric pad. Through a conbi nati on of

chemi cal arid7#edH&ni cal neans the surfdge of the wafer is snoothed.
Typically tH8d polish is performed until a chemical and thernmal steady state
is achieved and until the wafers have achieved their targeted shape and
fl at ness. The rough polish may be performed on a doubl e-side polisher
commer ci al ltianaabautl lé)blnm froombPet-200 Mo itd ghost 408.gn or fAGR 00t PIO0 ingtter ;

o Laprmat dPo G0 H oF e St et R O BB o & U BRBUG pade. for
silicon polm@WengecaWﬁh@vamhtaimne from Psil oquest (Olando, Florida) and Rohm
& Haas (Phil adel phia, Pennsylvania) and silica based slurries may be
purchased from Rohm & Haas, Cabot (Boston, Massachusetts), Nal co
(Naperville, Illinoi B t Lepce ny) and DA
NanoMat eri al s (Terrpeﬁ%zél %ﬁgs)% et ﬁ§0lll§&lth%ﬂ%[ %@é%%#ﬁg%@%nﬁﬁg& shing step
may occur ftiw Seadﬂmibﬂer@ﬁtﬁfet(&ddb)mfttheﬁﬁﬁlt Sl&famaslsapanﬂthaﬁora)r pedlopiragdlsur e of from

about 150 abou flow rate of about 75
oo to adt cosaafy S o idsaponde SRttt B Char ot her

gol ish ti W?%coﬂd&@l;pﬂ&%ﬁ(cﬂnﬂ?eﬁ?ﬁvstuﬂd’y nfaly Owldsathas atony - 1160 umaamWi t hout]
eparting fro scope of the pres suje. 068
After the oW ﬁw ﬁ%@m%peéﬁt an %qserrf rﬁa@f@ﬁ%ﬂk?%@aﬁbawd dried. In
addi tion, t4oe nWRheF &. gmﬁlorﬁ@b&wbm%m@t@abw 16ERE MY orRIMateani ng et
bench cl eani ng may, i ncl ude cont acting wafers with SC-1 cl eaning

sol ution (800 &8m/marianboy %WV@%Pdeltéh@ﬂ%k?ﬁ}d@@@ﬁpoééh%%ﬁi%}‘yb‘?)f)t| onal ly, at
el evat ed t%ﬁﬁ&@ﬁlﬂﬁ&? 1I£\ghlgh the%H%EgtOfﬁlQQ/atf& ré‘llf’ﬁ’[%J ti..89%hy fr§tB'ﬂ'ile &igani ng

i ncl udes contact wth a sol ution and ozonated water and may be perforned
at room t erpeteefihe@wafer) oranegatwe fogsgjn ‘Alﬂltcleﬂle@ﬂgeamf Hg,wagergelé daveh pol i shi ng
step may b € i ghi L. » ni sh
polish. The ?i trﬁ%s{?qﬁéjﬁlésqﬁgt}tgr Efg%gw%?%% @&p@g@kﬁ%&ﬁ&&;@&g lﬁs tﬁ%\t/gf er (e.g
handl e, dorhereirom rbiaﬂldﬁ to@afsecond terivagssarhdnam indlvotes cht e Accasd deastived by an AFM
at scan si zes, of. tmx about 100
Cem e 1t B Shesie Mk ARl dpat bl [ e Pl o RS ) aet han
about 1.5 Abeit -1 B9int/hari” adfeuito andalpAtmtra@eaﬂatmuzasommamﬁﬁmi@ [tm x about
10 timto about 100 m X .about 1 tm Finish hes renove only about
0.5 [tm or PRUD) o Mo AR TN ?Féé%a?%a&éadﬂlﬁ Al ind averigedy 0670

Sui t abl e pothesb@hg dédfatild Rbp NsdB m@d@uﬁg bhRWidee pbtainado taem Lapmast er  SFT
(e.g., LGP-708, Chiyoda-Ku, Japan). I n accordance with enbadi nents of the
present di SEFRS(G-&:; =t4h§0f)h@seﬁ%3éﬁ ahdealqulaiing an pyaragsHiangside Ptk fetle- t ype pad
(al so ref ereﬁ&f’seh‘ar aﬁh@zd@%%‘#’e%&ﬂ@ﬁﬁﬁe& B@fﬂe&@éﬁigéﬁ"&ﬂ-s@% pfo UL, pad from
Fujim (Kiyoso, Japan pad from Chiyoda | U (GCsaka, Japan) or a
SPM pad f r oRstRomehtandhd-Esaier sdcpnd derigativsg gag be iaYer@@éulrbrhtséemﬁi & 2diat  f or

pur poses of, i | yur et hane

f oam pads” H%Gﬁ%?&?%gﬁérge o 46363‘?”3??1 ﬁvcrlréri%)r e%lﬁg%&eg pof’vgtee? ?160 eér)le pads such
as SUBA padmleawmtbthcbthe'w&seom Rohm and Haas. However, SUBA pads may be used
i n other enbodi nents wi thout departing fromthe scope of the present

di sclosure. In addlt t t he
polishing slurry tha O%?é Ee%ﬂué{;ﬁ;bg%ﬁsgﬁh?%@% Gg)rp{?m da?eqél lica (e.g.,
a m xture dbnd@yg betwkib0s dPlecPontycind the ahd etveafdann dvipeephicadl sd¢cTenpe,

Arizona) and _caustic. SO €] anzox 900 .fromFujim). In
Sone_empodieisof &€ pRelibeRet & formviri: affe Fs3RER RpRsaRd R G W
first step indredsb® afid borglihgpatehddclavrttoGhacizomn G001 ededad d@n@aﬁéw)nd step. In

this regar shoul d he note t the pal yurethane, f oam nd col | oi dal
silica gol ?E’PP%%‘“H%T&S ?BF AL PR E?‘Fg ot %%Vg‘ﬁloﬁéx)‘a § 3oLy ’FS SPough

pol i shing; rBaWRY ae.imptoRed beidagkthp aliSoriagerif tHelrbREiNIBY] Beudts8 dxbds rough

pol i shing w thout departi ng fromthe scope of the present disclosure.
closer to the edge of the handle wafer to which'it is bonded after cleaving. In the



[0071] The finish polish may occur for at |east about 60 seconds or even
about 90, 120 or 180 seconds. The slurry flowrate may range from about 500
m/mn tovakour1066@ M /mn and the pad pressure nay ran@eTfusomiAkiar 75
g/cn2 to about 125 g/cnR; however, it should be understood that other
polish tim@874p3tlopressures and slurrylflow rates may be used wi t hout

departing fBdm t he scope of the present disclosure. [ 0072]
General ly, the polishing and cl eaning steps descri bed above produce wafers
with a relative low ROA on their front surface (e.g., less than about -700

nm | ess thend@boutturc@DE, befiore bbsxs’ng)hma d'almtntc laysO 3 anhopst Ipelsi:alljz bancdbout -400

o about - To0amt e sishite bEBR seRr ot cer gl Ay T BRERBILE - 100 nm t o

about -500 dnrmsutammradmuttoawﬁt A MBabtabalr®$19% éﬁﬁefhﬂiu@l’offhécbﬁmc&bout -100 nmto
about -300). and with rel atlve few bri Péf ield defects on their front

surface (e.Sg'congpBitlaery RIcEE e do % AEEMEPY MBI R PPOBY 2o ShUGr eat er t han
about 6 nmoomot BEhS HHIfRCHE aQbink BEcWRdRt B 4930 rAdi@f ork®&$ BoindR®akt 1 or | ess
or even no bri ht]:)l eld defects of a size greater than about 6 nm and/ or

| ess than #boHP967befi thhteius pfithg bprded siligen op Wpyloptagtues (Cighdn2 adiBUt 4. 8 nm
at their frpl  1RMF $888 (QhbdusSo% R ARA ffm HEFDHILIAR MBAWD 93, Gf €even no
brightfield defects of a size greater than about 4.8 nm. It should al so be
under st ood t¢ haeinifipmnabeui 89 9% to houi §9 Qbdofdheradiup gf t|b¢ bemwslsd sijifort ¢ie  pr esent

di scl osure f { ARyRts recited
herein are ?g&gﬁtggragﬁ?&gﬁges%r EIbS?agPl nmgéwpgdr’?h?&sfﬂﬁ %Lﬁ %er orgdonor waf er
used to prdzdud:sdaeameﬁtﬂle dtleanat aye,and e aedlhod&r may ek)tend,lﬁetd theoceptrdduce a bul k
single crystal .si an waf.er f r be ¢ cterized by the
recited rolf® Offﬁ‘ea%ﬁ%c Hiedo 4y gr. g"ﬁ‘%‘?ﬁ eﬁmﬁl at‘a’“sﬁ’h OndedStlrlucgé?tal n
enbodi ment sy t@atpeptdbatt @8 sahimywafi@siaboe: 1@94rﬂm(fmlrﬂ«heb¢mnal m‘ls@@fers in a

storage unit such cassette o ers). may b rovi de ich each of
the. waf er s o giost S35 Pde ahRpt 5‘%?“@ i }ramfa%awﬁdgﬁgmaﬁm h‘&vfﬂé

brightfiel dndef @ehsibb@aitd 6 nah@VidoutTie s o). atd Reer@incWaf &kt Ry | ncl ude at
| east about 10 waf ers, at | east about 25 wafers, at |east about 50 wafers,

at |east abduth bodingerarsinghe pdpr gruciuzn she bepdask waforupasRe dsa¥ed InEXAMPLES
EXAMPLE 1: jLirhemge ZW ot dhe fsuIREE SOF SHhME ﬁ’lﬁyﬂé ﬁrﬂly\é@c[ fo@'ﬂ{eebrg%e of

[0073] Six 300 nm structures were prepared by bonding a handle wafer to
a donor vvafﬂéerllmotﬂHa}@f dindhig gegpide the plrese (a1 4Bstpaitialy bededr mﬂh@chld@f ace of the

donor waf er, a{fﬁlh %Qﬁlcﬁ‘bgﬁa’s eQ&n@#oOtHch?mﬁl t‘ﬁl g%%%?tﬁ Q{a %{H/&h' n the
donor wafer. eave l'ane was torned In y I mpl anti ng
He i ons at danorewécrgyﬂm st&ed kib¥tvased Ilatlnhjsgardflt shouid b@mﬁiersm)sl/thamnf ol | owed by
inplanting H2+ i 0 at a f ke\. and 0 15 ions/cn®
(Qjant um H Fl%angn odlm nts e[raa?gégt% an le wafen e?llffcaj fzror?%n ﬁia%((&:lig‘er a,
Californi a)d)elecﬁcelayerlagd/Me pﬁcdrﬂay@de @ymhbaasd)hgrubmref:’e&féﬁclédxxiﬂg&sﬁur nace, ASM

(Al nere, The 074]. i tructures
s o o e R RR S hh et bearier 60 SaUR ta0t Sl SO R eSS ROA of
about - 800 tfhe rANG dTekc Ratk Wils uiRdsstiteDehbandl e wafers with a thickness
ROA of about -800 nm and donor waf ers of about -200 nm Anot her pair was
made from handl e and waf ers each a t.hickne ROA of about -200
nm Al | donor and/ or ng %Flé?egsctlﬂﬁ?“%ﬁ ﬁ(%tdmgdlz#& §n YU out - 200 nm

were pr eparaﬂdwbﬁlersﬂidgrhlaK@ an8 Hie@el&ﬂtﬁ&laﬂer@@bﬂbﬁd&ﬂ&b@ﬂ@ thoamumadentfabl | owed by
cl eaning and then finish polishing wt %g ur et hane foam pad. ROA was
measur ed bydgsef the haedle- waderde Whightlsy grgbrnd Qit%}/"sieéu“é’éﬁ YAbteCcird has

det er m ned Byt &hphiY RBolitRniveheestiBhg KO?§§109ﬁ@fn’cllu§esaa'@hcfohtlat§ﬂef‘9 a first
order line between a point 124 mmand a point 140 mmfromthe ‘center of the

struct ure i(pnd thipicalyelwaedielpitik lazers thet aftende framdh%vnaéltaérsmf therfgndlpe di st ance
bet ween t he, frafiet 8hG L1 9D OF Fefia G Elom

[ 0075] Fi gﬁ?egf?gg?glpﬁ? C%Qfab%?tfblg?s}?rgatér 4%3 ur? bon eglaféégrlﬁgn S\r/?,i c?th for the
waf er s descnibodighcatsotve mgltat lf:&sn@hquo%b%quecrkdl@%s@ Rint afagahodbe seen from
Figure 7, tfag.d tri f ndl.e and donor
wafers with 5‘ f%ﬁhgﬁaglsusS% ntgglegﬁt%boi‘gagﬁ?ﬁog eerﬁ ego{tﬁgﬁ]é@% i&n about 1
mm (specifically to 0.71 m"nand 0.62 mm respectively) fromthe edge of the
handl e wafer (i.e., "Unbonded Region Wdth") while the other SOT structures
had nmuch | arger unbonded wi dt hs.



[0076] Figure 8 graphically illustrates the unbonded region width for the
waf ers descri bed above as a function of front surface ROA and Figure 9

i Il ustratwe 20hi@oembonded regi on width as a function of wrhe/usecone3937
derivative of the front surface shape (zdd). As can be seen fromthe

Fi gures, tRE744-&ht6 surface ROA does notl7correlate well to the unbonded

wi dt h and tB¢d front surface second derivative does correlate well. EXAMPLE
2: Conparison of Unbonded Wdth in SO Structures Prepared from New and
Conventi onal Donor Wafers and/or Handl e Wafers [0077] Four sets

of 300 mMm SOE., st prodtiroms abeat 28. 990 eparoad99.9% wf theeadiey; fromsabodriBi2datoi ons  of
donor and handl fers sh bel 6 0 t1 onal donof.,and
conventi on Olﬁta?g(?Vgorv\t/g?@Pm?%@.a,%o'ﬁ\gfgéléggﬁl %‘8\%? élbogt;[@? Wg%l Of%lﬁgh polish and
fini sh pol iahdié emafedo FRF ingfandva i 300wah SIO) stridigre navwidesmdiyenattends( r ough pol i sh
wi th a pol yurethane foam pad fol |l owed by a, cleaning ste ol | d by finish
pol i sh wi t ﬁl%%utplg§91§ Pt Famdng %?&H?lﬁék?)"g&ﬁﬁ‘aﬁ‘ﬂﬁ vl Poiar g ﬁ%% ¥ er :

mm, at least about 149.1 mm or at least about 149.4 mm from the central axis of the

handle wafer (e.g., from about 148.35 mm to about 149.85 mm, from about 148.8 mm
to about 149.85 mm or from about 149.25 mm to about 149.85 mm).

[0056] The extent to which the silicon layer extends to the edge of
the handle wafer may be determined by, for example, viewing the structure under an
optical microscope (e.g., with a 5x objective) such as a Nomarski differential
interference contrast (DIC) microscope. An exemplary image of the top of an SOI
structure is shown in Figure 5. The SOI structure is partially covered by the silicon
layer 65. The structure includes an unbonded portion 69 that extends from the edge
52 of the silicon layer 65 to the edge 50 of the wafer (i.e., the surface of the handle

wafer may be seen in the unbonded region 69).

[0057] In this regard, it should be understood that, as used herein, the
width 60 of the unbonded portion 69 does not include the beveled region 67 of the
wafer. The beveled portion 67 extends from the wafer apex 54 which appears as a
light band in the image to a change in contrast referenced by numeral “50.” Stated
differently, the unbonded region 69 extends from the edge 50 of the beveled region to
the edge 52 of the silicon layer 65 rather than from the apex 54 to the silicon wafer
edge 52. The dark region above the apex 54 is a shadow produced during microscopy

and does not form part of the wafer.

[0058] In addition to having relatively low ROA, handle and donor
wafers used in the SOI structure may also be characterized as having a low amount of
brightfield defects on the front surface of the respective wafers. Brightfield defects on
the surface of the donor wafer and/or handle wafer weaken the bond between the
donor and handle wafer at the site of the defect and cause voids to form in the SOI
silicon layer. It has been found that the wafer polishing and cleaning sequences

described below result in a wafer with about 3 or less brightfield defects of a size



(c) new donor wafer and handl e wafer nmade by unknown process; and (d) new
donor wafer and new handl e wafer. [0078] Two wafers from each
group (a)wodpinvmsre4anal yzed to determ ne the thickness RCOEUSRotoo2393Ur f ace
ROA and second derivative of the front surface shape (zdd). The thickness
ROA of waf e874f-&tlfs (a)-(d) are graphid8lly illustrated in Figure 10. The
front surfd€d ROA of wafer groups (a)-(d) are graphically shown in Figure
11. The second derivative of the front surface shape of wafer groups
(a)-(d) are graphically shown in Figure 12. As can be seen from Fi gures
10-12, the grdfaitcttmasabml:ﬁ@ﬁm(‘ﬁi@e fid0i) suafack felconatedand] mabiny empedimoms.er s ( Fi g.

12) bunch t her an ront su e di spersed.
The aver age Preineabrl i Pt B PoguRRatitar s araher o
(convent i ondbutwainer Alt@hatiGeup addiandhi (G tbepaid) mepbavabeythan88dut®m The aver age

t hi ckness conventi onal nor wafers up was about
-771 nm Tr?élgBRﬁéLdé{jg“’ts B R4S SEHRORE dhout 8 781 % e et virdbes was (new
donor waf erggo@h JPceaHas 18 ofbrmeichd d IR a- S&Q%géaf& thiR@b@N a1a@eatlthd ckness ROA
for the new handle wafers (handl e wafers of oup D) was -162 nm

[0079] EacHroubntReapldhn¥aGl e waf er was conposed of single crystal silicon
grown by the Czochral ski process. Each donor wafer and handl e wafer that

was prepared by the [g¥oPrRGess phitieWeenRdinsdhtamieRudade @k dratdranes f oam pad
foll owed by a cl eaning step fol Ipovved by finish polish with a pol yurethane

f oam pad) diFHCOREHN Byt ‘?fﬁabé%l;/“&#ﬁﬁ%tkffi’%ﬁf@f st cader drangbeyt pngpnlat er t han
about 6 nmigag, REALAILREhag aRfut LB P, dga 1§s's%1ﬁn%&ﬁt&fo &n*ﬂq&s ahRuboit- 8 NmM

[ 0080] Each SOT structure was prepare formng a silicon oxide
di el ectri c -Pefmm, lows thanabelgné(0 mafless thandbosndi0man ehlessdhan aboutr-220 | ayer to the

handl e waf %%5 I S to | eave
behind a s?ﬁ)cmﬁ 8 J;émls@ﬁ%ﬁﬁds st r@%@(ﬁﬁg@@%@@@%ﬁ%%g@%ﬁ a&ﬁl‘q@on Nomar ski
Optical M crc:ﬁesmoapte hanrlldettc%rrrdon(a“ wdfeshalt thayote dppbed togvabars gamewdiych t he
silicon deV|g

extend t ructure ed .e., the
peri pheral &t %%n% Orteﬁ%mgﬁhd’ﬁl%m\}%? 8IiyftaP51llcon widhs Sﬁtedﬁeé%f&g egiﬁ' be seen from
Fi gure 13, redultay maROAtwigerSOht st furtietl clagactiSizODastanvig idw afdintdemor and
handl e waf ) a silicop. | r that nded fromthe center of
the SO stﬁjﬁ‘é{l‘%‘&@ %8@05? Bt naﬁ%gﬁﬁf?ﬂﬁﬁ%/f?ﬁwﬁtsr@@h BN f §8979 of the radi us),
t he SOT structur es produced using a new donor wafer and a conventi onal
handl e wafer ((b)) hpd6e] sThdeqitidge3@rstridtates exy eRdedcharamrizbebeent er of the

SO structure tp about romthe center (99.0% of the radius), the
SO struct GPEES %?%weseﬁjﬁ&gbtﬁaﬁme % LR Gl O VR | y obt ai ned
handl e waf eyhiéH ©3ults hddrodg&idoh&Osetl @Y eKe fakbidhs Wérﬁmﬁ@lstwcaﬂa ifdeagRpt er of the
SA structure to about 1%9 mmfromthe center (99.3%of the radius) and the

SO st ruct Usegoids Bdforin the pilgordevisg laysh othe R stugiing inelydshemisiraioes waf er

((d)) had acgideh %rhlell&‘)(r% laf&ahd BthenAedafcl 2 dhfcRERRIwRh thche SO
structure to about 149.3 nmfromthe center (99.5% of the radius).
dielectric layer and the silicon layer. In various embodiments, the handle wafer may

have about 3 or less brightficld defects of a size greater than about 6 nm at the
interface with the dielectric layer or, as in other embodiments, about 2 or less, about 1
or less or even is free of brightfield defects of a size greater than 6 nm at the interface
with the dielectric layer. In these and in other embodiments, the handle wafer may
have less than about 6 brightfield defects of a size greater than about 4.8 nm or less
than about 4, less than about 2 or even is free of brightfield defects of a size greater

than about 4.8 nm at the interface with the dielectric layer.

[0061] Alternatively or in addition, the silicon layer may have about

3 or less brightficld defects of a size greater than about 6 nm at the interface with the



It can be seen that the new donor and/or handl e wafers advant ageously cause
an increase in silicon |layer radius thus increasing the usable area for

devi ce f aWoi20atioera4wi t hout increasing the nunber of bri gorfisedid/og®Bects to
unacceptable levels (e.g., to an amount of 1 or nore defects of a size of
6 nm or nor287438l6or nmore brightfield defects of a size greater than 4.8
nn . PCT  [0082] A Ni kon Nomarski Optical M croscope i nage of a SO
structure produced froma new donor wafer and new handl e wafer (rough
polish with a pol yurethane foam pad foll owed by a cleaning step foll owed by
fini sh pol idsdiconid laya opbdvwubeitRaméess, ehont fad Jess or showfrdef brigufidd5. The wi dt h

60 of the unponded reqi on 69 s 0.57 mm,.A Ni ko mar ski tical

o o oscone TRADST opizg Lt & 1 ta Hr T ot SRR s SRR tonor

waf er and dayepiudehiivedaslthdnabollt® trightficld ddtectl fanizagreatcefhabeboreens rough
polish and finish polish) js sho inh Figure 6. The w dth 60 of the
unbonded ré’&i%rr}esé W@O‘?.“z%s%nmm? or cvén 15[%%?“%@%&‘1?\%@683% ng el enents
of the presgligrddics ela@abdiR 4@nmnt Rendmek@Ed Rfh eelRdiciRni{s) thereof, the
articles "a", "an", "the" and "said" are intended to nean that there are

one or nore of the e nts. The terns. "co i.si ng", "including" and

"havi ng" are i ntendetf%g% pﬁ"ﬁidr?ﬁqcﬂ‘ér} righ le%ﬁ”fs atytiel?éﬁrg "be addi ti onal
el enents otfg¥entiBai bR qiles Kh&n R BRI Skill in the art. Suitably)O8fiAG Wik i ous
changes coul d be made in the above apparatus and nmet hods w t hout departing

fromthe sdppecton eteordiegdicksinimectiqnitogls havinghbreghtidhddctedar shelt 456  cont ai ned

in the aboyg Adeschi BlirQin 8PHwWRPNE dchod I8t AGRAMMARY Rl AR al | be

i nterpretedd ?s ilTustrative and not 1n a limting sense. 28744-341627
etects.

[0063] The SOI structure formed after cleaving the donor wafer at
the cleave plane may be characterized with ROA’s at the various wafer interfaces that
arc substantially similar to the ROA of the handle wafer and/or donor wafer which are
used to produce the SOI structure. The handle wafer may have an ROA of less than
about -700 nm at the interface with the dielectric layer and, in other embodiments,
less than about -600 nm, less than about -500 nm, less than about -400 nm, less than
about -300 nm, less than about -250 nm or from about -10 nm to about -700 nm, from
about -50 nm to about -600 nm, from about -100 nm to about -500 nm, from about -
100 nm to about -400 nm or from about -100 nm to about -300 nm at the interface

with the dielectric layer.

[0064] The donor and/or handle wafers used to produce the SOI
structure may be obtained by slicing the wafers from ingots formed by the
Czochralski process and subjecting the wafers to further processing. For instance, the
wafers may be subjected to a “rough” polish and a “finish” polish. Advantageously,
methods for preparing handle and donor wafers with relatively low ROA and with

very few brightfield defects, or with no brightfield defects, have been found.

[0065] In one or more embodiments for preparing the donor and/or
handle wafer, a first polishing step is performed in which the front surface and

optionally the back surface are polished (i.c., a double-side polish is performed).



PCT WHAT IS CLAIMED | S: 1. A process for producing a silicon on

I nsul ator structure, the structure conprising a handle wafer, a silicon

| ayer, armwoaodiwbeigtric | ayer between the handl e waf er a&od/ush&182393Ton

| ayer, the structure having a central axis, a front surface and a back
surface tha®74t-é4lgeneral |y perpendicul 8P to the central axis, a

ci rcunfereGlal edge joining the front and back surfaces and a radius
extending fromthe central axis to the circunferential edge, the process
conpri si ng: formng a dielectric layer on a front surface of at |east
one of a ddiocralipftee painhlise ‘heuptil’ olwhftiet reduces thdxmnfdeangughnessdifdicect ri c | ayer

t t | t f the .d d.t he handl to f bonded
wator,  whori (e P MERE o5 T RarBR st fuf B §a e b E et er “has
t hi ckness rapbut-208 A oasunbotRAA)s @éashes svithha ntoatie tirce midtbstupe (ARN)

separating the bonded wafer along a separation plane wthin the donor wafer
such that &t S pEEYPlishgr HoniaPHE | Hariaeho w408 Ha kebeniektorm: %yer to form

the sili conugfdsdsigdiipREifisatlodCiubies roughness ig expl&€edds WDt AanSGharé Orth in
claim1 wherein the dielectric layer Is forned on the donor wafer and the

di el ectri ¢ (Rijpaunicss ipdipdetothevisie RRugdishag sirical hesWirgrenakaf r  having a
thickness RGQfyh fsbolb 8RR nord 08icBIY, from abouts uhACaRuPEEEM RS Sset forth

in claiml or claim2 wherein the direlectric layer is formed on the donor
waf er and toserdil &prmdhe suefaregfdhe wafebonded to the handl e wafer, the donor
waf er having a thickness ROA of |ess than about -700 nm

[0066] The rough polish (and the finish polish described below) may
be achieved by, for example, chemical-mechanical planarization (CMP). CMP
typically involves the immersion of the wafer in an abrasive slurry and polishing of
the wafer by a polymeric pad. Through a combination of chemical and mechanical
means the surface of the wafer is smoothed. Typically the polish is performed until a
chemical and thermal steady state is achieved and until the wafers have achieved their
targeted shape and flatness. The rough polish may be performed on a double-side
polisher commercially available from Peter Wolters (e.g., AC2000 polisher;
Rendsburg, Germany), Fujikoshi (Tokyo, Japan), Speedfam (Kanagawa, Japan) or
Lapmaster SFT (e.g., LGP-708, Chiyoda-Ku, Japan). Stock removal pads for silicon
polishing are available from Psiloquest (Orlando, Florida) and Rohm & Haas
(Philadelphia, Pennsylvania) and silica based slurries may be purchased from Rohm
& Haas, Cabot (Boston, Massachusetts), Nalco (Naperville, Illinois), Bayer

MaterialScience (Leverkusen, Germany) and DA NanoMaterials (Tempe, Arizona).

[0067] The rough polishing step may occur for about 300 to about
600 seconds and at a pad pressure of from about 150 g/cm” to about 700 g/cm” with a
slurry flow rate of about 75 g/cm” to about 125 g/cm®. However, it should be
understood that other polish times, pad pressures and slurry flow rates may be used

without departing from the scope of the present disclosure.

[0068] After the rough polish is complete, the wafers may be rinsed
and dried. In addition, the wafers may be subjected to a wet bench or spin cleaning.

Wet bench cleaning may include contacting the wafers with SC-1 cleaning solution



4. The process as set forth in claim1l wherein the dielectric layer is
formed on the handle wafer and the dielectric layer is bonded to the donor
waf er, thwodonawewaf er having a thickness ROA of | ess tiram/ushani239300 nm
5. The process as set forth in claim1l or claim4 wherein the dielectric

| ayer is fa8Att3d® the handl e wafer andlthe dielectric layer is bonded to

t he donor Wfler, the handl e wafer having a thickness ROA of |ess than about
-700 nm 6. The process as set forth in any one of clains 1 to 5
wherein the handl e wafer has a thickness ROA of |ess than about -700 nm

| ess t han dbowmmé&ian hyéesidt hahhyalbepeh ped®ide noptidnelds at deavata@bout - 400 nm

| ess than about -300 n | ess~t han =250 nm or from about. . -10 nmto
bbout 700 AP abateu e hRRaCREE e SERSGM PR BRI D0 nm ¢ o
about -500 HIolftioRnrma&bathted WALr Bid hoy BormdDA reumm empkfaefit.about -100 nmto
about -300 nm 7. The process as set forth in any one of clains 1 to

6 wherein the donor r S t hi ckness .of |l ess {han.about -600 nm on
its front surface, |@@égkh&ﬁmé%%HPgﬁ%ﬁ&”ﬁﬁggﬁgg%“ﬁ%%ﬁy%%%ﬁ@“?%go nm | ess

t han about TFh3Q€oRdpolisaig steantypienitit a finidbfbliRAN Dhc fikisH oD tiducel henm t 0 about
-700 nm frg&%abou -50 nn1%§6?bout nm from nmto about

-60 out -100
-500 nm f roBHREEBENest OHS %%okﬁndfs% ohe ik pp ??ﬁ‘ét?éh@l’mi%tnmto about

-300 Nnm 2.0 A a8 meddiedByAH M abscafbizds@t hbout M0 MYk A6t 1f ke kdbdst 1 to 7
wherein the donor wafer and the handl e wafer both have an annul ar edge

portion bethiBam t #hout] (ot Breiiisharolishigey sfentrpdics thegtiedoumacsgms of t he
radi us and |WaergiaBodS A B &mﬁagaﬂ‘a’%a A ASLARTNGALENE10 um x abduPidM NG 2

reference line between a first discreet point and a second di screet point
on the thi glkinesboprldfivmes abent!100 um. Fagh pelishgs rehevedyy abme 0jatweien t he

reference |j ~ ] leSCH point in an edge portion of the wafer
1&s@§lfﬁg%né‘1 At il sJirs e &t

t hi ckness pro

[0070] Suitable polishers for finish polishing may be obtained from
Lapmaster SFT (e.g., LGP-708, Chiyoda-Ku, Japan). In accordance with
embodiments of the present disclosure, the pad used for finish polishing is a suede-
type pad (also referred to as a polyurethane foam pad) such as a SURFIN pad from
Fujimi (Kiyoso, Japan), a CIEGAL pad from Chiyoda KK (Osaka, Japan) or a SPM
pad from Rohm and Haas. In this regard, it should be noted that for purposes of the
present disclosure, as referred to herein, “polyurethane foam pads” do not include
polyurethane impregnated polycthylene pads such as SUBA pads available from
Rohm and Haas. However, SUBA pads may be used in other embodiments without
departing from the scope of the present disclosure. In addition to the use of a
polyurethane foam pad, the polishing slurry that is used may be a solution of colloidal
silica (e.g., a mixture of Syton-HT50; Du Pont Air Products NanoMaterials (Tempe,
Arizona) and caustic solution (e.g., KOH); or Glanzox 3900 from Fujimi). In some
embodiments, a mixture of Syton-HT50 and caustic may be used in a first step of the
finish polish and Glanzox 3900 used in a second step. In this regard it should be
noted that the polyurethane foam pad and colloidal silica solutions used for finish
polishing may also be used for rough polishing; however, other stock pads and
slurries may be used for rough polishing without departing from the scope of the

present disclosure.



9. The process as set forth in claim8 wherein the di stance between the
first discreet point and the central axis of the structure is about 82.7%
of the raapustiofectshe structure. 10. The process a®C3as2610/023937 n cl ai m
8 or claim9 wherein the distance between the second di screet point and the
central axi27#t34le structure is about 283.3% of the radius of the

structure. PCT 11. The process as set forth in any one of clains 8 to
10 wherein the distance between the third di screet point and the central
axis of the structure is about 99.3% of the radius of the structure.

12. The process as sE07flor Tl fimishgryislomey ofcuc foanisasBaliomt ddscabretsern t he

reference line.is, fi d a fir order, linear |ine. . The
Focoee us Braod 40,1 PESAD Bt PrerliRincy’ BEMay WG o abons STT; o/ e
line is fithiladinasaout N30 Gll/te tpopadpediit may range froddbbolti s gigndaess as set

forth in any o of glaims 1.t0 wherei n the thickness IS an aver age
t hi ckness ‘mQSSg%n1JT@¢V¢hgs @§§m§§w§éﬂwf@%?ﬁmﬁal@Pﬁ¥H? 4 wherein the

aver age t hipkBasSandQhriySodNrady eag®e ueld kbt ddphiitiak R8mShELDpoBARHT eNENt S
taken at eight wafer radii.

present disclosure.

[0072] Generally, the polishing and cleaning steps described above
produce wafers with a relative low ROA on their front surface (e.g., less than about
-700 nm, less than about -600 nm, less than about -500 nm, less than about -400 nm,
less than about -300 nm, less than about -250 nm or from about -10 nm to about -700
nm, from about -50 nm to about -600 nm, from about -100 nm to about -500 nm, from
about -100 nm to about -400 nm or from about -100 nm to about -300) and with
relatively few brightfield defects on their front surface (e.g., about 3 or less brightfield
defects of a size greater than about 6 nm on the surface of the wafer or about 2 or less,
about 1 or less or even no brightficld defects of a size greater than about 6 nm and/or
less than about 6 brightfield defects of a size greater than about 4.8 nm at their front
surface or less than about 4, less than about 2 or even no brightfield defects of a size
greater than about 4.8 nm). It should also be understood that while the polishing and
cleaning process of the present disclosure and the roll-off amounts and brightfield
defect amounts recited herein are typically described in relation to a handle wafer or
donor wafer used to produce an SOI structure, the methods may be used to produce a
bulk single crystal silicon wafer and the wafer may be characterized by the recited
roll-off amounts and brightfield defects. Further, in certain embodiments, a
population of wafers (e.g., a collection of wafers in a storage unit such as cassette of
wafers) may be provided in which each of the wafers is characterized by the roll-off
amounts and amounts of brightfield defects recited above. The population of wafers
may include at least about 10 wafers, at least about 25 wafers, at least about 50

wafers, at least about 100 wafers or even at least about 1000 wafers.



16. The process as set forth in any one of clains 1 to 15 wherein at | east
one of the donor wafer and the handle wafer has a front surface zdd of |ess
t han abouwO-20110614an1 N2 or | ess than about -800 nni nmR PCiramsgoiioazs3about
-600 nmm®2, |ess than about -400 nm mm®2, from about -1110 nm nm® to about
-100 nm M28&#4-8416ém about -800 nmi M2 £& about -200 nm nMm2. 17. The
process as Bét forth in any one of clains 1 to 16 wherein the handl e wafer
has about 3 or less brightfield defects of a size greater than about 6 nm
at its front surface or has about 2 or less, about 1 or less or is free of
brightfield defects of a size greafeAMPA&ES 6 nmat its front surface.

18. The process as set forth in any one of clains 1 to 17 wherein the

nandl e vl qr Db seRSub D0k G S651 bl Pl bhifelBilR: o2 Si ze areater

t han about =& , less than
about 2 or is free of brightfield defects of a size greater than about 4.8
nmat its front surfHf@l] Six300meSOTHecrocessprasrethy fadingai n any one of

claims 1 t%a&(ﬁe W&Fe?? %Oé‘lIBF Wg@p&{tg {e?erétrnque?m?tnn% th%’i( J) 19%099% field

def ects of SIze Qgrea ron sur ace or has about
2 or |ess, thmmmbr ﬁzaﬁar fdllewsd by cleavifg adengof cléve ghté foehmed dehieclicsdonbr a si ze

greater than 6 t its front. surface cess as set forth
Ay one et I R e pG B S Herod v Samp iRy 228 fiun about 6
brightfi el dnegl e€3&koOf arl ssdcz€or £a0'€iont/omn falbaud b inSplamingtH, T foas htr ont

surface or less th out 4, less an about 2 or js free of brightfield
defects of % eg?rgéofg% earndtaﬁfézﬁe%tﬁidnw 1og R (Quapiuin B Tplenie Prodel. 21.
The procesg@s) s§hlié PbRribls (SAh CRR, @thfstned)mc@avt@\%%ﬁehswdrb the silicon

| ayer extends fromthe central axis of the structure to a poi ht about 98.9%

of the radihgafingfto 8HE g Fuimacco ASMo(Admpisi ‘Rie Metherkeady) about 99. 2% at | east
about 99.4% at | east about 99.6% or from about 98. 9% to about 99.9% from

about 99.2%to about (394 9‘V®9drpatuoof@oq@trﬁtttu1%mam@wédf@&na%otr@n@bout 99. 9% of
t he radi us of the structure The process as set forth in any one

of clains hange yefofiteeie hayingrethivkpess B%Qfeafbowa@%m r Onethaingl vaid a back
surface an%id'@ ?romqal% vyé@éfr?{;vlthﬁ tlﬂElﬁ@?er@@AQY about -800 nm and donor wafers

of about -200 nm. Another pair was made from handle and donor wafers each having
a thickness ROA of about -200 nm. All donor and/or handle wafers that had a
thickness ROA of about -200 nm were prepared by rough polishing with a
polyurethane foam pad, followed by cleaning and then finish polishing with a
polyurethane foam pad. ROA was measured by use of KLA-Tencor WaferSight
Analysis software and was determined by determining the wafer thickness profile and
fitting a first order line between a point 124 mm and a point 140 mm from the center
of the structure in the average thickness profile and by determining the distance

between the reference line and a point 149 mm from the center.

[0075] Figure 7 graphically illustrates the unbonded region width for
the wafers described above as a function of thickness ROA. As can be seen from
Figure 7, the dielectric layer of the SOI wafers made from handle and donor wafers
with a thickness ROA of about -200 nm extended to less than about 1 mm
(specifically to 0.71 mm and 0.62 mm, respectively) from the edge of the handle
wafer (i.e., “Unbonded Region Width”) while the other SOI structures had much

larger unbonded widths.



performng a first polishing step that conprises polishing the front
surface of the handl e wafer; performng a cleaning step after the
first polwehlongostsep, the cleaning step conprising cl earCmgstérg/oR3oent
surface of the handl e wafer; and perform ng a second polishing step
after the RékhdH§ step, the second poBlt#shing step conprising polishing the
front surfd€d of the handle wafer. 23. The process as set forth in
claim 22 wherein the back surface of the handl e wafer is polished

simul taneously as the front surface is polished during the first polishing
st ep. 24 The [M0G6lesBigas Sedphicaly ﬂluistmtcslthé umnbdAdarregb@avidt2Brwher ei n

the first d th gh front surf
of the nandle SaraP e 4BES FrERnkld o e RORAER P MR, Vsl ™

tgan abggt tEe ﬁlbaﬁddaee@%t(r) etlitby AuMtbeafteisz@ad dériabiosids the ﬂ'ﬁlh%;lﬁ%ﬁt 1 umto
about 1 um x about 1 um set forth in an
one of clai eié‘PdS Aé&a%??eﬁea}ﬁomﬁ@%%%&wgm"?% aﬁ@ﬁQ?*ed&e?@%ruces the
surface roughbgegsvalfio tiainbéRIBY widih bac@e 0bnt digabtaveing Jeal Lk e tiges! ess than
about 2.0 A, less than about 1.5 A or less than about 1.2 A as neasured by
AFM scan sic®B8la§ellbout 10 1..im x about 10 [imto about 100 [i m x about
100 1.im 26. The process as set forth in any one of clainms 22 to 25
wher ei n t heeXA MPLIPR! CompRlschl SUHRARE] Ba§thAR SO Rt nirbePMphRia Wi th a

pol yur et hane T oam pad.
from New and Conventional Donor Wafers and/or Handle Wafers

[0077] Four sets of 300 mm SOI structures were prepared from the

various combinations of donor and handle wafers shown below:

(a) conventional donor and conventional handle wafer (i.e., no cleaning

step between rough polish and finish polish for donor or handle wafer);

(b) new donor wafer (rough polish with a polyurethane foam pad followed
by a cleaning step followed by finish polish with a polyurethane foam

pad) and conventional handle wafer;
(c) new donor wafer and handle wafer made by unknown process; and
(d) new donor wafer and new handle wafer.

[0078] Two wafers from each group (a)-(d) were analyzed to
determine the thickness ROA, front surface ROA and second derivative of the front
surface shape (zdd). The thickness ROA of wafer groups (a)-(d) are graphically
illustrated in Figure 10. The front surface ROA of wafer groups (a)-(d) are
graphically shown in Figure 11. The second derivative of the front surface shape of
wafer groups (a)-(d) are graphically shown in Figure 12. As can be seen from Figures
10-12, the thickness ROA (Fig. 10) and second derivative parameters (Fig. 12) bunch
together and the front surface ROA (Fig. 11) is more dispersed. The average
thickness ROA for the four conventional handle wafers (conventional wafers of

Group A and Group B) was about -814 nm. The average thickness ROA for the two



27. The process as set forth in any one of clains 22 to 26 wherein the
first polishing step conprises contacting a colloidal silica slurry with

t he waf erw0 2011/10638. The process as set forth in any onecCofusediaior®322 to 27
wherein the second polishing step conprise polishing the wafer with a

pol yur et har’é74%ohhopad. 29. The pPdcess as set forth in any one of
clainms 22 tR&T28 wherein the second polishing step conprises contacting a
colloidal silica slurry with the wafer. 30. The process as set forth

in any one of clains 22 to 29 wherein the cleaning step conprises rinsing
t he waf er. conventioil donbnevaferoEEey apwaatbohtof7hnmnThnyveoge tlotknessai ms 22 to 30

wherein th (%L ani ng step co | ses contacting the. waf 'tq%an anmoni um
ydr oxi de 0 P9 AloTe R BaP B TS BRFroror wattrs aforoe (nd R SOCH
forth in anpo@n203oim.Cled aerage thickddss\BTRX &irdhd sy Idadiervafas @andlas a front
surface and ? bag% surface d the donor wafer is prepared by:
per f or m ng "¢ PEYTHBID K5 AlP“ep that conprises polishing the front
surface of the donor wafer; perform ng a cleaning step after the
first polishing stepjooyfile EdcaalbhdiGns h&fllCwarprwas ddghposcdaiikingletchgtaf r ont
surface of shlrégn grc())rw}v?lrbyv‘kﬁef Sgdchraaipsgi process. Each donor wafer and handle wafer that

was prepared by the new process (rough polish with a polyurethane foam pad

followed by a cleaning step followed by finish polish with a polyurethane foam pad)

did not contain any brightfield defects of a size greater than about 6 nm and contained

2 or less of a size greater than about 4.8 nm.

[0080] Each SOI structure was prepared by forming a silicon oxide
dielectric layer on the donor wafer and bonding the dielectric layer to the handle
wafer. The donor wafer was cleaved by conventional methods to leave behind a
silicon layer. Each SOI structure was analyzed on a Nikon Nomarski Optical
Microscope to determine the width of the region in which the silicon device layer did

not extend to the SOI structure edge (i.e., the peripheral edge of the handle wafer).

[0081] As can be seen from Figure 13, on average the SOI structures
using conventional donor and handle wafers ((2)) had a silicon layer that extended
from the center of the SOI structure to about 148.0 mm from the center (98.7% of the
radius), the SOI structures produced using a new donor wafer and a conventional
handle wafer ((b)) had a silicon layer that extended from the center of the SOI
structure to about 148.5 mm from the center (99.0% of the radius), the SOI structures
produced using a new donor wafer and a commercially obtained handle wafer ((c))
had a silicon layer that extended from the center of the SOI structure to about 149 mm
from the center (99.3% of the radius) and the SOI structures produced using a new
donor wafer and a new handle wafer ((d)) had a silicon layer that extended from the
center of the SOI structure to about 149.3 mm from the center (99.5% of the radius).
It can be seen that the new donor and/or handle wafers advantageously cause an
increase in silicon layer radius thus increasing the usable area for device fabrication

without increasing the number of brightfield defects to unacceptable levels (e.g., to an



perform ng a second polishing step after the cleaning step, the second
polishing step conprising polishing the front surface of the donor wafer.
33. The pwocesgloasi4set forth in claim32 wherein the baekTdasedianesnt the
donor wafer is polished sinultaneously as the front surface is polished
duri ng theZBVW%EH@oIishing st ep. 284. The process as set forth in
claim 32 oP(@ aim 33 wherein the first polishing step reduces the surface
roughness of the front surface of the donor wafer to | ess than about 3 A

| ess than about 2.5 A or |less than about 2 A as neasured by AFM scan si zes
of about 1 aumunt ddautmote dufedtsoofaldugtolf €A armoce abd ot maB®rightficld defects35. The

process as(?etifortp &Q agX?ﬁne of clains 32 to 34 wherein the second
polishing s 36Z?§ﬁﬁfé (i rface roughness of the front surface of the

donor wafer to less than about 2.0 A |less than about 1.5 A or less than
about 1.2 A as neasufi8d2]byA ArkmsNanarshi Opsicd Miateeutpe ifadelofiai®OX about 10
IL.imto abgut

100 [i about 100 L. i 36.. The progess..as set
forth in anyons PerrifLios 135 gtode P sy bdIs Y%t PSR e ep
conpri ses palolyaidtitge féuen paif fellowddidy scl@alngyteptfbidvedibgamspadlish witha 37. The
process as set forth in ne of_.cl ai 32.10 36 erein the first
bol | Shi ng SEBHLERp Hoogtds babac mfjEae ol PorE 6¢p tpg&nt?fﬂﬂﬁ'd!’rﬁglﬁﬁlt h the
waf er . 69 waR-0.578m PAOGRSS NBmaSRE OftRal Midréscaptim@peof SGIl s@hubbre32 to 37
wherein the second polishing step conprise polishing the wafer with a
pol yureth aﬁ)éoqu@%%ﬁr%a_conventlonal donor wafer and a conventional handle (i.e., no

cleaning step between rough polish and finish polish) is shown in Figure 6. The width

60 of the unbonded region 69 was 2.28 mm.

[0083] When introducing elements of the present disclosure or the
preferred embodiment(s) thereof, the articles "a", "an", "the" and "said" are intended
to mean that there are one or more of the elements. The terms "comprising",
"including" and "having" are intended to be inclusive and mean that there may be

additional elements other than the listed elements.

[0084] As various changes could be made in the above apparatus and
methods without departing from the scope of the disclosure, it is intended that all
matter contained in the above description and shown in the accompanying figures

shall be interpreted as illustrative and not in a limiting sense.



39. The process as set forth in any one of clains 32 to 38 wherein the
second polishing step conprises contacting a colloidal silica slurry with

t he waf erwo0 2011/1064@. The process as set forth in any onecofusediaions3d2 to 39
wherein the cleaning step conprises rinsing the wafer. 41. The
process as 28é44-34l6t h in any one of claikhs 32 to 40 wherein the cleaning
step conpriBds contacting the wafer with an anmmoni um hydroxi de and hydrogen
per oxi de sol uti on. 42. A bonded silicon on insulator structure, the
bonded structure conprising a handle wafer, a donor wafer, a dielectric

| ayer bet waBHANE HaxdMED Waf er and the donor wafer, the dielectric | ayer
being partially bonded to the handl e wafer, the bonded silicon on insul ator

structure having a SSOL Al ol dng sFLOCUTSIAN ALy RdgE A 1adius

extending fromthe centra I'S circunterenti e wherein the
bondi ng betonmprisihie haiddd ot b silicayleyeramd atdideduanidye bamfeen thexttadids from t he
central axis .of e honded si.licon on insulator structure.to poi nt at
st - about 88 a5 TRRR e st et BER s LrT A SRRl or
structure. back surfadSthatthegdende depeddicatt tOthe icastil atiQh cathtiRtdtigl as set forth
in claim42 wherein_ the boags bet ween the diel ectri I%er aqd t he handl e
waf er ext erfdet o8 e frewfnd Jpokawrfaccy end #dps suieering e s SAr3IAZESI at or

structure @R cRehferddtiall @38 thcaAhodsks @pein@f the radius of the bonded
silicon on insulator structure, at |east about 99.4% at |east about 99.6%

or from about 98.9%t o _about 99.9% from_.about 99.2% to about 99.9%or to a
poi nt from abouto8¥ssy4ie Ct&ﬁ&‘dﬁr@g‘.@‘@}%té‘FfacCﬁBy?ta\%ﬁSU?e&f adpRergBfded silicon
on insul at gfd ghEMES WaSr; 44, The bonded silicon on insulator structure
as set forth in claim42 or claim43 wherein the handle wafer has a

t hi ckness ROA of |ess than about -700 nm | ess than about -600 nm | ess
than about - 500 PARAINg B fefesiais Taspinat ?e&mnﬁ ﬁ? ihy dawor iy aa%@a?landle
wafer to form a bonded wafer, wherein at least one of the donor wafer and the handle

wafer has a thickness roll-off amount (ROA) of less than about -700 nm; and

separating the bonded wafer along a separation plane within the donor wafer
such that a silicon layer remains bonded to the dielectric layer to form the silicon on

insulator structure.

2. The process as set forth in claim 1 wherein the dielectric layer is formed on
the donor wafer and the dielectric layer is bonded to the handle wafer, the handle

wafer having a thickness ROA of less than about -700 nm.

3. The process as sct forth in claim 1 or claim 2 wherein the dielectric layer is
formed on the donor wafer and the dielectric layer is bonded to the handle wafer, the

donor wafer having a thickness ROA of less than about -700 nm.

4. The process as set forth in claim 1 wherein the dielectric layer is formed on
the handle wafer and the dielectric layer is bonded to the donor wafer, the donor wafer

having a thickness ROA of less than about -700 nm.

5. The process as sct forth in claim 1 or claim 4 wherein the diclectric layer is
formed on the handle wafer and the dielectric layer is bonded to the donor wafer, the

handle wafer having a thickness ROA of less than about -700 nm.



300 nm | ess than about -250 nmor fromabout -10 nmto about -700 nm from
about 50 nmto about -600 nm from about -100 nmto about -500 nm from
about -1080nmitwewout -400 nm or from about -100 nm t oPabAISRO1HBAB3IT M

45. The bonded silicon on insulator structure as set forth in any one of
clai ns 42 t2874%434M%er ei n t he donor waf eE8has a thickness ROA of |ess than
about -700,Pdless than about -600 nm |ess than about -500 nm |ess than
about -400 nm |less than about 300 nm |ess than about -250 nm or from
about -10 nmto about -700 nm from about -50 nmto about -600 nm from
about -100 nm t 6. dboptocess@Dsan fyrthfin eny ateadiclaimsl DO Swrhdran sllediandle 400 nm or

f bout -10 t b -300 416.. T bond il
roul avort sidadeni i GedB 04 5T TR bayt 2008 oS ROHS 0% sk FRR e i 1 at
| east one aboith&00danaEss \tahabowrnehotdhe 1&a tch absvat 0 dngdesatian abdut SAH0f ace zdd

of less than about -110Q nm or | ess. than abqut -800 nmm®?, |less than
about - 600 Wrr#@?atr%%-sl%tmw B%?OQ%&W :S%f%% %a?ao-%lo nm 2 t o

about - 100 fryH 86t 000 A BRR L0010 GroRdHETHE 1 d®@n@ kO out 200 nhvd: Tidk 47.

The bonded silicon on insulator structure as set forth in any one of clains
42 to 46 wiePEi-HAHe tapbepedP? P | ayer and the handl e wafer form an
interface, the handl e wafer having about 3 or less brightfield defects of a

size greater thanTabptes af§d: &rthtiReny MMeRITLRGRS 1 RF6 WRMEIAGhARALE 2 or | ess,
about 1 or less or is free of brightfield defects of a size greater than 6
nm at t he iifehese thickness ROA of less than about -600 nm on its front surface, less'than

about -500 nm, less than about -400 nm, less than about -300 nm, less than about -

250 nm or from about -10 nm to about -700 nm, from about -50 nm to about -600 nm,

from about -100 nm to about -500 nm, from about -100 nm to about -400 nm or from

about -100 nm to about -300 nm.

8. The process as set forth in any one of claims 1 to 7 wherein the donor
wafer and the handle wafer both have an annular edge portion between the
circumferential edge of the structure and 98% of the radius and wherein the thickness

ROA is determined by:

forming a reference line between a first discreet point and a second discreet

point on the thickness profile; and

measuring the distance between the reference line and a third discreet point in

an edge portion of the wafer thickness profile.

9. The process as set forth in claim 8 wherein the distance between the first
discreet point and the central axis of the structure is about 82.7% of the radius of the

structure.

10. The process as set forth in claim 8 or claim 9 wherein the distance
between the second discreet point and the central axis of the structure is about 93.3%

of the radius of the structure.



48. The bonded silicon on insulator structure as set forth in any one of
clains 42 to 47 wherein the dielectric layer and the handle wafer form an

i nt erfacaeyotzhe/toerdl e waf er having | ess than about 6 bripghttiSe@ha2ivef ect s of
a size greater than about 4.8 nmat the interface or |ess than about 4,

| ess than 286#t-3P6or is free of bright£Peld defects of a size greater than
about 4.8 MTat the interface. 49. The bonded silicon on insul ator
structure as set forth in any one of clains 42 to 48 wherein the dielectric
| ayer and the donor wafer forman interface, the donor wafer having 3 or

| ess brightfiel dldéhepbscsohs st Pirthen grysakef claingsB tallOwtheeimtine distanbe | nt er f ace

2 size oredbsiiep Rt vt ronEine BeR Bt o RSagu BRLGG ofF) PCon on

i nsul at or she¢ Mafusioethastns@iref orth in any one of clains 42 to 49 wherein the
dielectric layer and the donor wafer forman interface, the donor wafer

havi ng | ess than,abput 6 bri field defects. of, a.size qgreat t han about
e L the e BebatesPh] GEbkh i B SR L B T L B st " 2P0
of bri ght filgkd tleflest sir@brdar Bhcaeligy. eat er t han about 4.8 nm at the

i nterface. 51. A bonded silicon on insulator structure, the bonded

structure conpri.si a handl e er, a donor. er, di.el ectric |ayer
et ween the_ handre | IrBroai <t A gb el SPm s Bt b EsGisr bl ng
partial |y bapaefittddas b figrdteaamowabmral. the bonded silicon on insul ator
structure having a central axis, a circunferential edge and a radius

extending fromthe central axi o the circunferential edge, .wherein the
bondi ng bet vieen 1#nETCRBPSEEE LTI of REM oG SWALES BRPETES r om t he
central axirRDAfs dnhechgn@etngkROxon on insulator structure to a point at

| east about 98.9% to about 99.9% of the radius of the bonded silicon on

i nsul ator structur 52, .The bond ilicon on insulator. structure as
cer T orch Thor asr aargres o PRE THOREL hu bt et Bt ROA y or  ang
the donor wafaesragxdfendt fhidfess RO A goidiadmenitskenfat difie agndadh. si | i con on
insulator structure to a point at |east about 99.2%of the radius of the

d f bout 99 4% at | boyt. 99. 6% or_f b
99, 29 o about 46 508 BPOPRet b B e PG AD A0S aON G Ab BT GHEa%6 of 1 he

radi us of tdiehchpRsedarsd dnid Clhaadle iWasdthad Ofrord stk U@of less than b3ut -The bonded
silicon on insulatoy structure as set forfth in claim51 or ¢laimb52 wherein
t he handl e M&Y B/ HAsOHessAhagabew s SEomvgrm } lessthahahoub98Y pminyyo 163 | ess t han

about - 600 (R abb@&S 800 RAMAD Yt ab6@Q1 NMnNL/ESS t& ARt DO U/mMAO8: Aéth | ess than
about 300 nm |ess than about -250 nmor from about -10 nmto about -700
nm from atfbeit -800 nm/mm” to about -200 nm/mm°.
17. The process as set forth in any one of claims 1 to 16 wherein the handle
wafer has about 3 or less brightfield defects of a size greater than about 6 nm at its

front surface or has about 2 or less, about 1 or less or is free of brightfield defects of a

size greater than 6 nm at its front surface.

18. The process as sct forth in any one of claims 1 to 17 wherein the handle
wafer has less than about 6 brightfield defects of a size greater than about 4.8 nm at its
front surface or less than about 4, less than about 2 or is free of brightfield defects of a

size greater than about 4.8 nm at its front surface.

19. The process as sct forth in any one of claims 1 to 18 wherein the donor

wafer has about 3 or less brightfield defects of a size greater than about 6 nm at its



50 nmto about -600 nm from about -100 nmto about -500 nm from about
-100 nmto about -400 nmor from about -100 nmto about -300 nm 54,
The bondewlOo=pnitvwoer4on i nsul ator structure as set forth iPaTAIsgoie0e399f cl ai s
51 to 53 wherein the donor wafer has a thickness ROA of | ess than about
-700 nm | e844-Bli® about -600 nm | ess3Phan about -500 nm |ess than about
-400 nm | d$d than about -300 nm |ess than about -250 nmor from about -10
nmto about -700 nm from about -50 nmto about -600 nm from about -100 nm
to about -500 nm from about -100 nmto about -400 nm or from about -100 nm
t o about - 3Bt surface or has albxhit 2 dhiesd)abrdie dl os lekd @ronframofibnighitfiatdalcfestsrofiet ur e as

set forth in any. one of cl.aj 1 to 54 wherein at | east one of the donor
waf er and ?H@gﬁéﬁﬁﬂ@“%&?&?1%5%“@“?%8%t surface zdd of |ess than about -1100
nni mm®? or | ess than about -800 nmim®, |ess than about -600 nm m®, | ess

t han about -40020nTha@pcdss enseafootitin aryldb® ofi pthim?l thd 9addeetin thd @Gnannd N2 or

on’ 1 neut at o ey Feun e 48 EEB RS AR Srermror P bt 2 TB S5 wher oi

t he di el ectffdn€surAyesr 1aidhdnhidoltain kethuadteit £ or ifiae of tighffebt sfedtde ahandl e

waf er havi ng about 3 OE Ig S brL%gtfielg defects of a size greater than
about 6 nmSY€ efRET thapabquide noppt iRy aBout 2 or less, about 1 or less or
is free of brightfield defects of a size greater than 6 nmat the
interface. 215The Jioecshasudefdbrisiiin hr50he O clainssul @20wHstdiniht Wilicods set forth
in any one of clai 51 to 56 mhereﬁn the dielectric 5§%pr nd the handl e
waf er f or mi&T PHEWH fREEhe PRErahBnttTdMmPE N Havinag! Fras Pt had! Aiout 6

brightfiel daglef gabsstRbue &itd 8 painealQkt HBamoaput 14stBosiioatod Beedsnt er f ace or
| ess than about 4, less than about 2 or is free of brightfield defects of a

si ze gr eat ePoYtPIR aprdtam abogt findatto phpat PHP 6y framabout 99.2% tggbout & Yponded

Silicon on d: Ak Gfan LHESHSS anckPho dAId Mol iAW G hy&! a1 B 51 fo 57
wherein the dielectric |layer and the donor wafer forman iInterface, the

donor wafer having 3 or less brightfield defects of a size greater than
about 6 nm at tRe iTht@psates st oA #y wsehelamsoltol2d sdereapahandior | ess or

s Tree of il gt {iehlidlehesSaahnecat il Sard Aoyt he i nterface.

59. The bonded silicon on I nsulator structure as set forth’in any one of
claims 51 to 58 wherein the dielectric layer and the donor wafer form an
interface, the @OHIMINGT Bist pRAvhiAg stee st ¢ompisesnolishiee Hie ifight Jurfasepfdef ect s of
a size greaefnhRanrabout 4.8 nmat the interface or |ess than about 4,

| ess than about 2 or is free of brightfield defects of a size greater than

about 4.8 nmat the interface. o ,
performing a cleaning step after the first polishing step, the cleaning step

comprising cleaning the front surface of the handle wafer; and

performing a second polishing step after the cleaning step, the second

polishing step comprising polishing the front surface of the handle wafer.

23. The process as set forth in claim 22 wherein the back surface of the
handle wafer is polished simultancously as the front surface is polished during the

first polishing step.

24. The process as set forth in claim 22 or claim 23 wherein the first polishing
step reduces the surface roughness of the front surface of the handle wafer to less than
about 3 A, less than about 2.5 A or less than about 2 A as measured by AFM scan

sizes of about 1 pm x about 1 pum to about 100 pm x about 100 pm.



60. A silicon on insulator structure, the structure conprising a handle
wafer, a silicon layer, a dielectric |layer between the handl e wafer and the
silicon Iageri/and4an i nterface between the diel ectric lPayars2ana239de handl e
waf er, the handl e wafer having a central axis, a circunferential edge and a
radi us ext ed#hétrom the central axis3io the circunferential edge, wherein
the silico®Ulayer extends fromthe central axis of the handle wafer to a
poi nt at | east about 98.9% of the radius of the handl e wafer, the handle
waf er having about 3 or less brightfield defects of a size greater than
about 6 nmat tBé Thftﬁbé@ﬂ:&setforth inﬁiﬂyonﬂméclsinhsincm24;whhmhuha$emoncttructure
as set forth.i.n claim6 n e ds,fro the central
i s of ¢ neotiiuEER 1 SfisB it pLESRond eGSR MEY, 2Gi U of

t he handl e tyv&ketha®ibouo?2. aApmsmthaﬁhbdueastA aﬂl@s&tthe&%bél%)l B8R ab ersduredayout 99. 6%
or from abo 98. 9% t 0. about 99. 9% f omab 2% to ut 99.9%or to a
poi nt from lﬁ‘fan@@e%%a?’ Utk g X b‘)”éfw&fnt?ﬁ é@? 0 tﬁ%hﬁhdl e wafer.

62. The silicon on insulator structure as set forth in claim®60 or claim61l
wherein the di ebectThéd probe%ywseefohﬁmd&yfdrﬁ@fblhﬁlmnbQalwhapeh&h@ﬁrst he handl e
wafer to a point at |east ab? 9 adi us gf t he handl e wafer or
to a point PRESTREEEP SoptYiscsgy!t él%g EW aw o gl east about 99, 6%
or from about 98.9%to about 99.9% from about 99.2% to about 99.9%or to a
poi nt from aboul799h&Eftds ametifortdIn A% @it of bieinisaditi 26 eheichahbandl e waf er .

63. The si Ilﬁqjtl on insul ator structub as set forth Ln EJ{;? one of clainms 60
to 62 wher dPHS M HAOHIPESREPBIECHIZS SQHBde! s9ica plurrgsdthy ield defects of a
size greater than about 6 nmat the interface or has about 1 or less or is
free of brightfiel dhedgbest s wf foathsh 26 @edtieimst2an 26 wheicat thé feondt er f ace
64. The silicaon on insulator, structure as set forth in any one of clains 60
to 63 wher dPHSHHS HAPE SR sking 4 WV ith PP B eI doBR Pht fi el d def ects of
a size greater than about 4.8 nmat the interface or |ess than about 4,

| ess than about 28 The prdcdss @saseofortbmhg{ytcfdeearfdlammabasame@in&hz@cgm&at er than
about 4.8 nqa}Wthe interface he silicon on |nsulator structure
as set for tPRIFHNEATEP WHPrISES ceniaing %C@ﬂ?l&al@&%%%w heVaicel ectric layer and
the silicon layer forman interface, the silicon |ayer having about 3 or

I ess brightfiel dodehepibsesohs @t foirthen gfyecalb@fc[hmrnzabqubvhéremrfhat the interface
or having about 2 or |ess, ahout 1 | ess or is free of brightfield

def ects of CéFaglinﬁéte@P‘ét&Préﬁesflﬂ%%t@eW eét the interface.

31. The process as set forth in any one of claims 22 to 30 wherein the
cleaning step comprises contacting the wafer with an ammonium hydroxide and

hydrogen peroxide solution.

32. The process as set forth in any one of claims 1 to 31 wherein the donor

wafer has a front surface and a back surface and the donor wafer is prepared by:

performing a first polishing step that comprises polishing the front surface of

the donor wafer;

performing a cleaning step after the first polishing step, the cleaning step

comprising cleaning the front surface of the donor wafer; and

performing a second polishing step after the cleaning step, the second

polishing step comprising polishing the front surface of the donor wafer.



66. The silicon on insulator structure as set forth in any one of clains 60
to 65 wherein the dielectric layer and the silicon layer forman interface,
the silicwo22baywsishavi ng | ess than about 6 brightfield aefraske1ot39a7 si ze
greater than about 4.8 nmat the interface or |less than about 4, |ess than
about 2 or 28444-p4lé of brightfield defedls of a size greater than about 4.8
nm at the iBilerface. 67. The silicon on insulator structure as set
forth in any one of clainms 60 to 66 wherein the handl e wafer has a

t hi ckness ROA of | ess than about -700 nmor |less than about -600 urn, |ess
t han about -50038nThd pescst ot b ut clad®BR whereinalssback anfaabpoithe d3@® nm | ess

t han about -250 n r, fromabout -10.nmta about. - 700 .n f.orom about -50 nm
o about - GOl PSRBT R s Sshe Pk SRy e rdbout - 100 nm
t o about - 400ship @¢p.f rom about -100 nmto about -300 nm 68. The
silicon on insulator structure as set forth in any one of clains 60 to 67

wherein the handl e fer has front, surface .z f less an.about -1100
i o eae PhonbenStet RshorhAhte e AR it TR ) PRI, | cos

t han about stepQEduded therkurfabe upleeudf thel f£difl stMEcER the doadyauifer+d QQs thsd N2 or
from about -80 mP to ahout -200 nnl.mMm?P 69.. A process for

pol i shi ng ébwa%e@%%s ﬁ@nﬁgﬂégés}‘(i’béﬁsrtf“%q Fhyut 2 A as meﬁ%lf?dotfyné'ﬁg SEATY j 1 st

pol i shing stRPotdbelt CAARLLSES RRlJ HBit@oLkex ¥Wefelomihh a pol yurethane foam
pad; perform ng a cleaning step after the first polishing step, the

cl eaning step c rising cleaning.the front surface of the handl e wafer;
and g P 8gp Tlle progess as set %ortg in any one o claﬁns 32to %4 whereﬂl the seconde

polishing step reduces the surface roughness of the front surface of the donor wafer to

less than about 2.0 A, less than about 1.5 A or less than about 1.2 A as measured by

AFM scan sizes of about 10 um x about 10 um to about 100 pum x about 100 pm.

36. The process as set forth in any one of claims 32 to 35 wherein the first

polishing step comprises polishing the wafer with a polyurethane foam pad.

37. The process as set forth in any one of claims 32 to 36 wherein the first

polishing step comprises contacting a colloidal silica slurry with the wafer.

38. The process as set forth in any one of claims 32 to 37 wherein the second

polishing step comprise polishing the wafer with a polyurethane foam pad.

39. The process as set forth in any one of claims 32 to 38 wherein the second

polishing step comprises contacting a colloidal silica slurry with the wafer.

40. The process as sect forth in any one of claims 32 to 39 wherein the

cleaning step comprises rinsing the wafer.

41. The process as sct forth in any one of claims 32 to 40 wherein the
cleaning step comprises contacting the wafer with an ammonium hydroxide and

hydrogen peroxide solution.

42. A bonded silicon on insulator structure, the bonded structure comprising a

handle wafer, a donor wafer, a diclectric layer between the handle wafer and the



perform ng a second polishing step after the cleaning step, the second
pol i shing step conprising polishing the wafer with a pol yuret hane foam pad.
70. The pwocesgloast4set forth in claim69 wherein the baekTaisediane’ssf the
wafer is polished sinultaneously as the front surface is polished during
the first pél#sbkilhg step. 71. Thé3process as set forth in claim69 or
claim 70 wirlein the first polishing step reduces the surface roughness of
the wafer to | ess than about 3 A I|ess than about 2.5 A or |ess than about
2 A as neasured by AFM scan sizes of about 1 pmx about 1 pmto about 100
pm x about dbf&r vpafer, the diclec#R. laykhbeipg paaslly asdsk thorantlciwafaniic one of cl ai ns
69 to 71 erein.the secon olishing step reduces the surface roughness of
O T S R G R R i
about 1.2 A ragiuheasidingdrddythAcbitat ais B thieSraamfabalal eddd, pierdin dlzout 10 pmto
about 100 Rﬁéx about 1 The process.as set forth in any

one of cl aiXNBdige %tzyewggﬂép%ﬁﬁﬁ lgyj5pand tlﬂ%ﬁén&lﬂ Vra;f% xgnds om dsifsrid es

cont act i ng aRis@@tHcWoH@d sBicbh 6Rirshlkior ¥rihirEto Nyimadt Rhst about 98.9%A theThe process
as set forth in any one of clainms 69 to 73 wherein the second polishing

st ep conpr iradys ¢fdhg bradehylieonoglinglagaistiestiicca sl urry with the wafer.
75. The process as set forth in any one of clains 69 to 74 wherein the

cleaning step caBPThéBshded §1ERADnliRRIMGHsElcture as set forth in claim 42 wherein
the bonds between the dielectric layer and the handle wafer extend from the central
axis of the bonded silicon on insulator structure to a point at least about 99.2% of the
radius of the bonded silicon on insulator structure, at least about 99.4%, at least about
99.6% or from about 98.9% to about 99.9%, from about 99.2% to about 99.9% orto a
point from about 99.5% to about 99.9% of the radius of the bonded silicon on

insulator structure.

44. The bonded silicon on insulator structure as set forth in claim 42 or claim
43 wherein the handle wafer has a thickness ROA of less than about -700 nm, less
than about -600 nm, less than about -500 nm, less than about -400 nm, less than about
-300 nm, less than about -250 nm or from about -10 nm to about -700 nm, from about
-50 nm to about -600 nm, from about -100 nm to about -500 nm, from about -100 nm

to about -400 nm or from about -100 nm to about -300 nm.

45. The bonded silicon on insulator structure as set forth in any one of claims
42 to 44 wherein the donor wafer has a thickness ROA of less than about -700, less
than about -600 nm, less than about -500 nm, less than about -400 nm, less than about
-300 nm, less than about -250 nm or from about -10 nm to about -700 nm, from
about -50 nm to about -600 nm, from about -100 nm to about -500 nm, from about -

100 nm to about -400 nm or from about -100 nm to about -300 nm.

46. The bonded silicon on insulator structure as set forth in any one of claims
42 to 45 wherein at least one of the donor wafer and the handle wafer has a front

surface zdd of less than about -1100 nm/mm” or less than about -800 nm/mm?, less



76. The process as set forth in any one of clains 69 to 75 wherein the

cl eaning step conprises contacting the wafer with an amoni um hydr oxi de and
hydr ogen wenroxi/@el4gol uti on. 77. The process as seCTfuseaih/oe3®3any one
of clains 69 to 76 wherein after the second polishing step the wafer has a
t hi ckness R&AbP4lbess t han about -700 Ay | ess than about -600 nm |ess

t han about PXHDO nm |ess than about -400 nm |ess than about 300 nm |ess
t han about -250 nm or from about -10 nmto about -700 nm fromabout 50 nm
to about -600 nm from about -100 nmto about -500 nm from about -100 nm
to about - 4BG aboutofOF momrath st thard 8dund omabobfron8gd®unrhl 10 nm/mm*7t8. The

process as set th in any one o | ai s, 69, t 7 wherein after the second
pol i shi ng %‘bt 'P@renmrorﬁégl 4po ?'%Pl(fnrg}ﬁ?rflat(?e@b% dzoé)fmﬁ‘/gg%‘ t han about -1100
nm m®2 or | ess than about -800 nm m?®, |ess than about -600 nnmi nm®, |ess

t han about -4004AnThandéd ohvamatitsuialdrkOueincrm et fathalbb @y orcld@Q@latng N2 or
from about 00_n t bout -20Q .n ) 79, The process as set
forth in arﬁq%%gwgér%g? %ﬁgggciager@%%eeﬁa% A om0} iy Ceathf'%ront sur f ace
havi ng 3 omahdis svakk hghitd ahB slatsdtightitidalefczof ghieapRhtet hanat@poeit 6 nm at
the interface or having about or. | ess, about 1 or. |l ess_or i ree of
brightfiel AR RETare o vy PRI RGeS o i frec O%W}ghﬁ*sﬁéj process as
set forth iRfRRBI V8B fcatet AbE n%t tR ifiSrfderein the wafer is a handle

waf er, donor wafer or bulk silicon wafer.

48. The bonded silicon on insulator structure as set forth in any one of claims
42 to 47 wherein the dielectric layer and the handle wafer form an interface, the
handle wafer having less than about 6 brightfield defects of a size greater than about
4.8 nm at the interface or less than about 4, less than about 2 or is free of brightfield

defects of a size greater than about 4.8 nm at the interface.

49. The bonded silicon on insulator structure as set forth in any one of claims
42 to 48 wherein the dielectric layer and the donor wafer form an interface, the donor
wafer having 3 or less brightfield defects of a size greater than about 6 nm at the
interface or having about 2 or, about 1 or less or is free of brightfield defects of a size

greater than 6 nm at the interface.

50. The bonded silicon on insulator structure as set forth in any one of claims
42 to 49 wherein the diclectric layer and the donor wafer form an interface, the donor
wafer having less than about 6 brightfield defects of a size greater than about 4.8 nm
at the interface or less than about 4, less than about 2 or is free of brightfield defects

of a size greater than about 4.8 nm at the interface.

51. A bonded silicon on insulator structure, the bonded structure comprising a
handle wafer, a donor wafer, a diclectric layer between the handle wafer and the
donor wafer, the dielectric layer being partially bonded to the donor wafer, the bonded
silicon on insulator structure having a central axis, a circumferential edge and a radius
extending from the central axis to the circumferential edge, wherein the bonding

between the dielectric layer and the donor wafer extends from the central axis of the



81. A sem conductor wafer having a central axis, a front surface and a back
surface that are generally perpendicular to the central axis, a

ci r cunf erwotzpal10edge j oi ni ng the front and back surfacegCans$2@1/023983US
extending fromthe central axis to the circunferential edge, the wafer
having a t Ri8¢kh&sl$ rol | -of f amount (ROA} of |ess than about -700 nm the
waf er havi ¢ Tabout 3 or less brightfield defects of a size greater than
about 6 nmat the front surface of the wafer. 82. The sem conduct or
wafer as set forth in claim8l wherein the wafer has about 2 or |ess

bri ght fi el dodéddesdicen of iraulsior stngheatosr pdikianicad abiut 88 Avh tatabdth 89 PYaaft surf ace

of the waf bout .1l or, less or is free of brightfield defects of a size
greater tnat BIRRD LI PRider ST QU Sr o Re water 83. The

sem conductor wafer as set forth in claim8l1 or claim82 wherein the wafer
has | ess than ab2uTh&bdmdedyhitiéaneindnaiéft@ctractofe ag s ifaée igreeah i whham about 4. 8

nm or | ess n .apout 4. l.ess than a t,2 or is fr of .brightfield

Gt oct s or e Bhgg B Eartne aEREwt IR ARG ol hptel sty 8kl e. o i he
waf er . axis@4 the Hagd&leilicon oal uBtiator wWalclire fSa ot af Rt AbdU 9ADY, aatiie of cl ai s
81 to 83 wherein the wafer has a thic ness of | 0th n about -600 nm
|l ess than & w&t%@nﬁw ce@t {9a3fRba 8t4/°-»&§%ﬁﬁl?our§§§/°t% AmAY8H: - 300 nm
| ess than alooyt to-aB6& 9P bl Betabodi®9E toibai®9tovs Jfe RAtusbF om about
-50 nmto about -600 nm fromabout -100 nmto about -500 nm from about

-100 nm t o tpbnpded sibepnrpm inlafershiesut 100 nmto about -300 nm 85.
The sem conductor wafer as set forth in any one of clains 81 to 84 wherein

the wafer has ar3ampdbaidc€d8&NRANhRRRELWERAS th 8ot iheWih 8l 8ntlkdl edge of
the wafer and 98% of the radi us and wherein the thickness ROA is determ ned
by: 52 wherein the handle wafer has a thickness ROA of less than about -700 nm, less

than about -600 nm, less than about -500 nm, less than about -400 nm, less than about

-300 nm, less than about -250 nm or from about -10 nm to about -700 nm, from about

-50 nm to about -600 nm, from about -100 nm to about -500 nm, from about -100 nm

to about -400 nm or from about -100 nm to about -300 nm.

54. The bonded silicon on insulator structure as sct forth in any one of claims
51 to 53 wherein the donor wafer has a thickness ROA of less than about -700 nm,
less than about -600 nm, less than about -500 nm, less than about -400 nm, less than
about -300 nm, less than about -250 nm or from about -10 nm to about -700 nm,
from about -50 nm to about -600 nm, from about -100 nm to about -500 nm, from

about -100 nm to about -400 nm or from about -100 nm to about -300 nm.

55. The bonded silicon on insulator structure as set forth in any one of claims
51 to 54 wherein at least one of the donor wafer and the handle wafer has a front
surface zdd of less than about -1100 nm/mm? or less than about -800 nm/mm?, less
than about -600 nm/mm?, less than about -400 nm/mm?, from about -1110 nm/mm?” to
about -100 nm/mm? or from about -800 nm/mm” to about -200 nm/mm’.

56. The bonded silicon on insulator structure as set forth in any one of claims
51 to 55 wherein the diclectric layer and the handle wafer form an interface, the

handle wafer having about 3 or less brightfield defects of a size greater than about 6



formng a reference line between a first discreet point and a second
di screet point on the thickness profile; and 86. The sem conduct or
waf er as wetofiansta4i n cl ai m 85 wherein the di stance bet weeruskina/023ost
di screet point and the central axis of the structure is about 82.7% of the
radi us of t28é4%84l4ct ure. 87. The38eni conductor wafer as set forth in
cl aim 85 orP(d ai m 86 wherein the distance between the second di screet point
and the central axis of the structure is about 93.3% of the radius of the
structure. 88. The sem conductor wafer as set forth in any one of
cl ai nrs 85 tnm &7havherfecanot lneingiaboarRoe e tavedn drikes bihis fide df lseahéefettd poi nt and
t he centralde%égss of. t he struc%ure .S .a,[b ut 99.3% of the radius of the

?e

structure. °f§§1.ze$ﬁ%terstgﬁﬁl Bl EF {fer as set forth in any one of

claine 85 to 88 wherein the reference line is fitted as a first order
l'i near |ine. 57. TBObondbesiBem cnondilmtdrotruvtafeas sadorgein ahpptdofichhimny one of

clains 85 tQ .8 er el he referen line is fitted a third order

ol ynom al 51 © 56 WEHR B b0 LERERETM MiFe g e F3FR I 2y one of

clains 81 than@Owaheh@lify lebahdriboktesihRN dFedofawiicagatd taalkbagss ROA.
4.8 nm at the interface or less than about 4, less than about 2 or is free of brightfield

defects of a size greater than about 4.8 nm at the interface.

58. The bonded silicon on insulator structure as set forth in any one of claims
51 to 57 wherein the dielectric layer and the donor wafer form an interface, the donor
wafer having 3 or less brightficld defects of a size greater than about 6 nm at the
interface or having about 2 or less, about 1 or less or is free of brightfield defects of a

size greater than 6 at the interface.

59. The bonded silicon on insulator structure as set forth in any one of claims
51 to 58 wherein the dielectric layer and the donor wafer form an interface, the donor
wafer having less than about 6 brightficld defects of a size greater than about 4.8 nm
at the interface or less than about 4, less than about 2 or is free of brightfield defects

of a size greater than about 4.8 nm at the interface.

60. A silicon on insulator structure, the structure comprising a handle wafer, a
silicon layer, a diclectric layer between the handle wafer and the silicon layer, and an
interface between the dielectric layer and the handle wafer, the handle wafer having a
central axis, a circumferential edge and a radius extending from the central axis to the
circumferential edge, wherein the silicon layer extends from the central axis of the
handle wafer to a point at least about 98.9% of the radius of the handle wafer, the
handle wafer having about 3 or less brightfield defects of a size greater than about 6

nm at the interface.

61. The silicon on insulator structure as set forth in claim 60 wherein the
silicon layer extends from the central axis of the handle wafer to a point at least about

99.2% of the radius of the handle wafer or to a point at least about 99.4%, at least



92. The sem conductor wafer as set forth in claim91 wherein the average

t hi ckness ROA is an average of eight thickness ROA neasurenents taken at

ei ght wafwo 20udiob144 93. The sem conductor waf er asPs@USk@n3IBN any
one of clainms 81 to 92 wherein the wafer has a front surface zdd of |ess

t han about 28748%1%m M2 or | ess than aBdut -800 nm M2, |ess than about
-600 nm m®CT ess t han about -400 nm m®, from about -1110 nmi m® to about
-100 nmm® or from about -800 nm nm® to about -200 nnl Mm?2. 94. The
sem conductor wafer as set forth in any one of clains 81 to 93 wherein the
waf er is a ahantdO&%nafferm about 98.9% t@BbouThe I%efrornahaud®p 3s toabert 989%set forth

The-sem cortiet B arare L b Breh oy K By RaRiut & MG IR C o5 wher ei n

the sem conductor wafer is conposed of single crystal silicon. 97.
The sem conduct 62. Wad elicoanseduldfi@rstrivctine aasy fothein efairg b brelai@lét o 96 wherei n

t he sem conduct o er.i.s one fer of a ul j on 25 wafers, wherein
bach vt o RE D e RIELiC Bye? Bl B sRIRE SRl olttelf oo’ bt o 0
general | y peimpendiseiboat 98.9% ol theGaditiy althethein8le waf&iofF i peitanichalab&dge | oi ni ng
the front Jpack surfaces and a radiuys extending fr the central axis to
t he circungggggﬁf F“é@ﬁ%?SZétﬂqﬁﬁ?ﬁpu ng" O?ﬁ'wﬁﬁégghP& Pulof f amount
(ROA) of | esgt, i @#2a1d9.296 @Datdm 94.9%8 VRS Bfoiki EonNEboabBBY%, B Moul €SS
brightfield defects of a _size greater than about 6 nmat the front surface

of the waf é¥.9% of the raggis ofthe hardls wat§uct or wafer as set forth in claim97
wherei n each wafer has about 2 or less brightfield defects of a size

greater than abeyt The ARcAtontilRIadraRticteidhl & ortf inlheomafRlaimabPidte2l or | ess
or is free of brightfield defects of a size qreater than 6 nmat the front
surface of Whseimiiebandle wafer has about 2 or less brightficld defects of a size greater than

about 6 nm at the interface or has about 1 or less or is free of brightfield defects of a

size greater than 6 nm at the interface

64. The silicon on insulator structure as set forth in any one of claims 60 to 63
wherein the handle wafer has less than about 6 brighttfield defects of a size greater
than about 4.8 nm at the interface or less than about 4, less than about 2 or is free of

brightfield defects of a size greater than about 4.8 nm at the interface.

65. The silicon on insulator structure as set forth in any one of claims 60 to 64
wherein the dielectric layer and the silicon layer form an interface, the silicon layer
having about 3 or less brightfield defects of a size greater than about 6 nm at the
interface or having about 2 or less, about 1 or less or is free of brightfield defects of a

size greater than 6 nm at the interface.

66. The silicon on insulator structure as set forth in any one of claims 60 to 65
wherein the dielectric layer and the silicon layer form an interface, the silicon layer
having less than about 6 brightficld defects of a size greater than about 4.8 nm at the
interface or less than about 4, less than about 2 or is free of brightfield defects of a

size greater than about 4.8 nm at the interface.

67. The silicon on insulator structure as set forth in any one of claims 60 to 66

wherein the handle wafer has a thickness ROA of less than about -700 nm or less than



99. The sem conductor wafer as set forth in claim97 or claim98 wherein
each wafer has |less than about 6 brightfield defects of a size greater than
about 4. sSwomariobrgs t han about 4, | ess than about 2 or PCS/USe@a/ 005937
brightfield defects of a size greater than about 4.8 rimat the front
surface of 28A&-Halfoer . 100. The séi conductor wafer as set forth in
any one of BélTaims 97 to 99 wherein each wafer has a thickness ROA of |ess

t han about -600 nm |ess than about 500 nm |ess than about -400 nm |ess
t han about -300 nm |ess than about -250 nmor from about -10 nmto about
-700 nm frabmtaﬁmnm-laﬁthamabmtaﬁmmn 160 than ot 40t e dess thad @Boun 000 about

500 nm£1,0m,20GUL k00 BTt & AR9How: 40% D Bou SARATRM wrchfQonm to- about

nm to about -600 nm, from about -100 nm to about -500 nm, from about -100 nm to

about -400 nm or from about -100 nm to about -300 nm.

68. The silicon on insulator structure as set forth in any one of claims 60 to 67
wherein the handle wafer has a front surface zdd of less than about -1100 nm/mm? or
less than about -800 nm/mm?, less than about -600 nm/mm?, less than about -400
nm/mm?, from about -1110 nm/mm? to about -100 nm/mm? or from about -800
nm/mm? to about -200 nm/mm?.

69. A process for polishing a wafer, the process comprising:

performing a first polishing step that comprises polishing the wafer with a

polyurethane foam pad;

performing a cleaning step after the first polishing step, the cleaning step

comprising cleaning the front surface of the handle wafer; and

performing a second polishing step after the cleaning step, the second

polishing step comprising polishing the wafer with a polyurethane foam pad.

70. The process as set forth in claim 69 wherein the back surface of the wafer
is polished simultaneously as the front surface is polished during the first polishing

step.

71. The process as set forth in claim 69 or claim 70 wherein the first polishing
step reduces the surface roughness of the wafer to less than about 3 A, less than about
2.5 A or less than about 2 A as measured by AFM scan sizes of about 1 um x about 1
um to about 100 um x about 100 um.

72. The process as sct forth in any one of claims 69 to 71 wherein the second
polishing step reduces the surface roughness of the wafer to less than about 2.0 A, less
than about 1.5 A or less than about 1.2 A as measured by AFM scan sizes of about 10

um x about 10 pm to about 100 pm x about 100 um.
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73. The process as sct forth in any one of claims 69 to 72 wherein the first

polishing step comprises contacting a colloidal silica slurry with the wafer.

74. The process as set forth in any one of claims 69 to 73 wherein the second

polishing step comprises contacting a colloidal silica slurry with the wafer.

75. The process as set forth in any one of claims 69 to 74 wherein the

cleaning step comprises rinsing the wafer.

76. The process as set forth in any one of claims 69 to 75 wherein the
cleaning step comprises contacting the wafer with an ammonium hydroxide and

hydrogen peroxide solution.

77. The process as sct forth in any one of claims 69 to 76 wherein after the
second polishing step the wafer has a thickness ROA of less than about -700 nm, less
than about -600 nm, less than about -500 nm, less than about -400 nm, less than about
-300 nm, less than about -250 nm or from about -10 nm to about -700 nm, from about
-30 nm to about -600 nm, from about -100 nm to about -500 nm, from about -100 nm

to about -400 nm or from about -100 nm to about -300 nm.

78. The process as set forth in any one of claims 69 to 77 wherein after the
second polishing step the wafer has a front surface zdd of less than about -1100
nm/mm? or less than about -800 nm/mm?, less than about -600 nm/mm?, less than
about -400 nm/rnmz, from about -1110 nm/mm? to about -100 nm/mm? or from about
-800 nm/mm” to about -200 nm/mm”.

79. The process as set forth in any one of claims 69 to 78 wherein the wafer
has a front surface having 3 or less brightficld defects of a size greater than about 6
nm at the interface or having about 2 or less, about 1 or less or is free of brightfield

defects of a size greater than 6 nm.

80. The process as set forth in any one of claims 69 to 79 wherein the wafer is

a handle wafer, donor wafer or bulk silicon wafer.



WO 2011/106144 PCT/US2011/023937

28744-3416 40
PCT

81. A semiconductor wafer having a central axis, a front surface and a back
surface that are generally perpendicular to the central axis, a circumferential edge
joining the front and back surfaces and a radius extending from the central axis to the
circumferential edge, the wafer having a thickness roll-off amount (ROA) of less than
about -700 nm, the wafer having about 3 or less brightfield defects of a size greater

than about 6 nm at the front surface of the wafer.

82. The semiconductor wafer as set forth in claim 81 wherein the wafer has
about 2 or less brightfield defects of a size greater than about 6 nm at the front surface
of the wafer, about 1 or less or is free of brightfield defects of a size greater than 6 nm

at the front surface of the wafer.

83. The semiconductor wafer as set forth in claim 81 or claim 82 wherein the
wafer has less than about 6 brightfield defects of a size greater than about 4.8 nm or
less than about 4, less than about 2 or is free of brightficld defects of a size greater

than about 4.8 nm at the front surface of the wafer.

84. The semiconductor wafer as set forth in any one of claims 81 to 83
wherein the wafer has a thickness ROA of less than about -600 nm, less than about
-500 nm, less than about -400 nm, less than about -300 nm, less than about -250 nm or
from about -10 nm to about -700 nm, from about -50 nm to about -600 nm, from
about -100 nm to about -500 nm, from about -100 nm to about -400 nm or from about

-100 nm to about -300 nm.

85. The semiconductor wafer as set forth in any one of claims 81 to 84
wherein the wafer has an annular edge portion between the circumferential edge of

the wafer and 98% of the radius and wherein the thickness ROA is determined by:

forming a reference line between a first discreet point and a second discreet

point on the thickness profile; and

measuring the distance between the reference line and a third discreet point in

an edge portion of the wafer thickness profile.
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86. The semiconductor wafer as set forth in claim 85 wherein the distance
between the first discreet point and the central axis of the structure is about 82.7% of

the radius of the structure.

87. The semiconductor wafer as set forth in claim 85 or claim 86 wherein the
distance between the second discreet point and the central axis of the structure is

about 93.3% of the radius of the structure.

88. The semiconductor wafer as set forth in any one of claims 85 to 87
wherein the distance between the third discreet point and the central axis of the

structure is about 99.3% of the radius of the structure.

89. The semiconductor wafer as set forth in any one of claims 85 to 88

wherein the reference line 1s fitted as a first order linear line.

90. The semiconductor wafer as set forth in any one of claims 85 to 88

wherein the reference line is fitted as a third order polynomial.

91. The semiconductor wafer as set forth in any one of claims 81 to 90

wherein the thickness ROA is an average thickness ROA.

92. The semiconductor wafer as set forth in claim 91 wherein the average
thickness ROA is an average of eight thickness ROA measurements taken at eight

wafer radii.

93. The semiconductor wafer as set forth in any one of claims 81 to 92
wherein the wafer has a front surface zdd of less than about -1100 nm/mm” or less
than about -800 nm/mm?, less than about -600 nm/mm?, less than about -400
nm/mm?, from about -1110 nm/mm? to about -100 nm/mm? or from about -800

nm/mm? to about -200 nm/mm?.

94. The semiconductor wafer as set forth in any one of claims 81 to 93

wherein the wafer is a handle wafer.
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95. The semiconductor wafer as set forth in any one of claims 81 to 93

wherein the wafer is a donor wafer.

96. The semiconductor wafer as set forth in any one of claims 81 to 95

wherein the semiconductor wafer is composed of single crystal silicon.

97. The semiconductor wafer as set forth in any one of claims 81 to 96
wherein the semiconductor wafer is one wafer of a population of 25 wafers, wherein
cach wafer has a central axis, a front surface and a back surface that are generally
perpendicular to the central axis, a circumferential edge joining the front and back
surfaces and a radius extending from the central axis to the circumferential edge, each
wafer having a thickness roll-off amount (ROA) of less than about -700 nm, the wafer
having about 3 or less brightfield defects of a size greater than about 6 nm at the front

surface of the wafer.

98. The semiconductor wafer as set forth in claim 97 wherein each wafer has
about 2 or less brightfield defects of a size greater than about 6 nm at the front surface
of the wafer, about 1 or less or is free of brightficld defects of a size greater than 6 nm

at the front surface of the wafer.

99. The semiconductor wafer as set forth in claim 97 or claim 98 wherein
each wafer has less than about 6 brightfield defects of a size greater than about 4.8 nm
or less than about 4, less than about 2 or is free of brightfield defects of a size greater

than about 4.8 nm at the front surface of the wafer.

100. The semiconductor wafer as set forth in any one of claims 97 to 99
wherein each wafer has a thickness ROA of less than about -600 nm, less than about
-500 nm, less than about -400 nm, less than about -300 nm, less than about -250 nm or
from about -10 nm to about -700 nm, from about -50 nm to about -600 nm, from
about -100 nm to about -500 nm, from about -100 nm to about -400 nm or from about

-100 nm to about -300 nm.



