METHODS FOR REDUCING THE WIDTH OF THE UNBONDED REGION IN SOl STRUCTURES
AND WAFERS AND SO! STRUCTURES PRODUCED BY SUCH METHODS BACKGROUND
[0001] The MR8t HRS Hisclosure relates to preparation of silicon on insulat8€ SRR RN reduced
unbonded regi 41;19& gartrcularly, methods for proqucmg such structures by minimizing the roll-off
amount ("RO Eg‘ff thelhandle and donor wafers. [0002] Silicon on insulator structures ("SOI
structures” which may also be referred to herein as "S01 wafers" or "SO1 substrates") generally
include a handle wafer, a silicon layer (also characterized as a "device layer"), and a dielectric layer

(such as an oxide layer) beiagi3hs Feyid RMAiR IRE HRaSVEPT RS- T@nsistors built within the top
silicon layer of 501 stryg{wENBWICRISISITN 1IN §<aati R RPN P SPAT Rk on bulk silicon
wafers, run at lower voAR@ESGNSTRECLERISSPRODEERIS BY @B fropgackground 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 eppulkSilicen wafers. Building circuits on SOT structures increases productivity by
allowing for more compact circuit designs, yielding more chips per wafer. [0003] SOI
structures may be prepared from srlrﬁgn wafers sliced from sjngle crystal sjlicon ingots grown in

accordance with the Czocht A1 mdfidi b HES iSRS o BED I TGP & s S S UERR 08 dielectric
layer is deposiiiealetaspatishadyfithnt dudd catehd dongivusaied, panrael imptaindddfat a specified depth

beneath the frontdsurfacselzlcq1T t@ucg res Wafelr t(%forrﬁemq eave Oune rﬁ@gh IS g0 rq_{L}/ perpendicular
specified de b

to the axis, in the rwarer at th at which t they Were imp ante e front surface of
the donor wafelﬂﬁsd@mﬁ Wwoatsded to a handle wafer and the two wafers are pressed to form a bonded
wafer. A portion of the donor wafer is

[0002] Silicon on insulator structures (“SOI structures” which may

also be referred to herein as “SOI wafers” or “SOI substrates”) generally include a
handle wafer, a silicon layer (also characterized as a “device layer”), and a dielectric
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 cleaved along the cleave plane to remove a portion of the donor wafer leaving behind a thin
silicon layer (i.e., the device layer) to form the SOT structure. [0004] A lack of bonding or weak
bonding betWOtH&0fldfectric layer and the handle wafer at the periphery BEHEBSHIEF S Fucture
causes the dleig%‘% If%er and/or the silicon layer at Ehe periphery to be removed during subsequent
cleaving. This ts in-a Sill structure that has a silicon layer (and typically also a dielectric layer) with
a smaller radlus an the handle wafer. The peripheral region of the structure that does not include the
silicon layer is not available for device fabrication and is also a potential source of particle

contaminationEhisiahleARdehatalisaion RIRWIAR AMIBAR! adsAstiadimer even 2 mm and
0

may include at least about 2 of the SOT structure's surface area. [0005] There is a
continuing nee¥ 181G GUB SHELTIRYREH GTatiti ARG e B R dRETHEE AfWHEEificon layer of the

structure to extend further to the edge of the handle wafer and that minimize the sources of particle
contamination. SUMMARY [0004]  JOGOBolf v ipe ®n ¥eak dahdn gimimizinigp¢hlectallraff amount ("ROA™)

of the handle water,andjonihe daner yalkr At e SOF situGhiE Aiaus L mateonding and stronger

bonding at the bonded wafer periphery which allows the silicon layer to extend closer to the handle
wafer edge up®islesEis/ nrerivnker linseicpeddy toahdematinkeiuie hpacavred diafegs with less roll-off and

that lack brightfigld fgfretsanay. benprepargdhyseariaiming aaleaningicserapionagtween rough
polishing and ﬂ}%iscl‘a]ll yoglssglg 1eslt68ctr1c layer) with a smaller radius than the handle wafer. The

peripheral region of the structure that does not include the silicon layer is not

available for device fabrication and is also a potential source of particle

contamination. This unusable peripheral region may have a width of at least 1.5 mm

or even 2 mm and may include at least about 2.5% of the SOI structure’s surface area.

[0005] There is a continuing need for processes for manufacturing
SOI wafers that allow the silicon layer of the structure to extend further to the edge of

the handle wafer and that minimize the sources of particle contamination.
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



[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 wafeW @@ tH&sIHdon layer. The structure has a central axis, a front 84GFAEREIABBECK surface
that are generagy aegg?gdicular to the central axis. Azcircumferential edge joins the front and back
il b . . .

surfaces and g,;adius extends from the central axis to the circumferential edge of the structure. A
dielectric layer is formed on the front surface of at least one of a donor wafer and a handle wafer. The
dielectric layer is bonded to at least one of the donor wafer and the handle wafer to form a bonded

wafer. At leastygne gt the glenerwaferaneihe handle materhas.a figknesaRal @fh4mount (ROA) of

less than about -700 nm. The bonded wafer is separated alon% a se%%ratlon plane within the donor
wafer such that & &iicbhendleridfiaiheotsbiert ie 8RBt &2 Tot Y the LMebn on insulator
structure. wafer 08| RaanRtherfasp a0l td esanirdiseiessiencobanrdResikegsron insulator

structure include an$e wafer, a donqr wafer Qé}? dielectyi er.between the hgndle wafer and
the donor Wafgﬁd?l‘ﬁee die éec rl% %Iif/%sra}st [1)%.I‘ %ﬁ?yﬁﬁ& edAfgot]ﬁrg ﬂ%#%i%v% 8??%%{)8%%'2@91 silicon on
insulator structune hbs @odritred faxis sepeirtemiflergrtisipedgeapldre rethustextendimgafiom the central

axis to the CiVCHIEH%SP&'&%'S%%‘E-1%%?&?&9&9%‘8&&4& Wendiglectislags anpisiangls wafer extends

from the central axis of the bonded silicon on insulator structure toa point at least about 98.9% of the
radius of the bBWEEKLHESHBA insulator structure. [0009] In a further aspect of the present
disclosure, a bonded silicon on insulator structure includes a handle wafer, a donor wafer and a
dielectric layer between the 00%dle lwafertandstivet ddriar puatert. disubosiedee tiomfryeailisgpartially bonded
to the donor wafer. Thg b(%rnud d sili on.on ins latorfstruc&ure hasfa centr | axi alcircumferential edge
. on insplatoy structure mncludes a han wWaiIcr, a Nor wa TI‘ d d %@ ecﬁic %/er
and a radius extenoHng rom the central axis to the cirtumterential edge. Bonding between the
dielectric layerbanttehéhddvod o aideeate tebsdiroen Wadcsehhadinkistos thechbrmdeddBiticon on insulator

structure to a pginkatleRstakALt98.2%aHe BRRILSR9% &f the radiug b ihenaondegsilicon on insulator

structure. [0010] Yet another aspect of the present disclosure is directed to a silicon on

insulator structtfé. e ER{Etretdesend AdndiwassiendiomdimBrrenralésitdisyer between the
handle wafer andihesilicanciaye rpand mbintiestacrantween thediategitiadayerans the handle wafer.

The handle wafer h({’:’lS a central axirc,, a circhngergnéialledge and ?{adius xtendin .frorp the central
. . exte]n S frgmlt 8cen ax15.01 t ei onded Sl 108 Pn sylator st c?ure foa g%nt
axis to the circumferential e ge. € Slicon layer extendads from the central axis O e handle
least about 98.9% of the radius of the bonded silicon on insulator structure.

[0009] In a further aspect of the present disclosure, a bonded silicon
on insulator structure includes a handle wafer, 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



wafer to a point at least about 98.9% of the radius of the handle wafer. The handle wafer has about 3
or less brightfield defects of a size greater than about 6 nm at the interface. [0011] A further
aspect of th¥grHdAoelidtlosure is directed to a process for polishing a waf&C KU HORIKNg step is
performed tha&' I&l_cvj%%polishing the wafer with a ponurethane foam pad. A cleaning step that
includes cleanig'tgT hé front surface of the handle wafer is performed after the first polishing step. A
second polishing step is performed after the cleaning step. The second polishing step includes
polishing the wafer with a polyurethane foam pad. [0012] in another aspect, a semiconductor

wafer has a cepirel XiSdirantsyriass 9094 besk skEfRCS hahareoenrialRetRgRdicular to the

central axis, a circumferential edge Jomln%the front and back surfaces and a radius extending from the
central axis to ¥HEERtRRehtalcetbashriel Writier el HsiRToRRESS TIM-BRPUMRSURE{ IO A) of less than

about -700 nmiaadabas about 3 or less brightfield defects of a size greater than about 6 mu at the front
surface of the wafer. [0013] Other objects and features will be in part apparent and in part

pointed out hereinafter. BR[%(F] HE%%Q%%Q%&K&%QM\MQ&Q@m is dired@914] Figure 1 is
[ h

cross-section view of a donor wafer with a dielectric layer disposed thereon; [0015] Figure 2 is

a cross-sectiofOrSW Htitheligbmerwafer ahditiatebtheisfer Boraeaeddvamaedsafer;

polishing the wafer with a polyurethane foam pad. A cleaning step that includes
cleaning the front surface of the handle wafer is performed after the first polishing
step. A second polishing step is performed after the cleaning step. The second

polishing step 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;



[0016] Figure 3 is a cross-section view of the 501 structure upon cleaving the donor wafer at the
cleave plane; [0017] Figure 4 is a cross-section view of a wafer schematically showing
measuremeYibIRDHIAc144 [0018] Figure 5 is a top view image of a SOIR¢TERAE hdfided by a
polishing and Q%QIT% lgethod of the present disclosure showing the unbonded region in which the
silicon layer d extend to the edge of the handle wafer; [0019] Figure 6 is a top view
image of a SOI structure produced by a conventional polishing method showing the unbonded region
in which the silicon layer does not extend to the edge of the handle wafer; [0020] Figure 7 is a

graph showing the thickness fQPA atdti daneidnddianslecr PspfaiueripUmSREIeres produced

according to Example | and the width of the unbonded region for each structure; [0021] Figure

8 is a graph sHOWRTEEHeRTUnsEEhrEA bF mesa'e}rf’& TR ARNENY e RN ISFHBREOBOT structures

produced accandingctotiexanpleldyandb s avisiiamf the siehendeskregion fairaach structure;
[0022] Figure 9 is a graph showing the front surface shape second derivative (zdd) of the donor and

handle Wafers. for various S[?a—l §}ru§§gﬁ§g@rsog{6$qqe@pﬁgggwgosagmglﬁé &‘89&&% Wq‘lth of the
unbonded region for each structure;
conventional polishing method showing the unbonded region in which the silicon

layer does not extend to the edge of the handle wafer;

[0020] Figure 7 is a graph showing the thickness 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;

[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.



[0023] Figure 10 is a graph showing the thickness ROA of the donor and handle wafers for various
SOl structures produced according to Example 2 and the width of the unbonded region for each
structure: WO 201009fHigure 11 is a graph showing the front surface RORE¥HHEUMH33%3Ad handle
wafers for varigwﬁ_%ls()tructures produced according to Example 2 and the width of the unbonded
region for eactﬂ,ééruc ure; [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 each structure; and [0026] Figure 13 is a graph

showing the unbonded widifpef$ O sisHRR QAR ASERIGDMIR RS dnding  [0027]

Corresponding reference characters indicate corresponding parts throughout the drawings. DETAILED
DESCMPTION?rts throughout the drawings.

DETAILED DESCRIPTION

[0028] Multi-layered structures and, in particular, silicon on insulator
structures and methods for producing silicon on insulator structures are generally
known by those skilled in the art (see, for example, U.S. Pat. Nos. 5,189,500;
5,436,175 and 6,790,747, each of which is incorporated herein by reference for all
relevant and consistent purposes). In an exemplary process for making a multi-
layered structure, two separate structures are prepared, bonded together along a bond
interface, and then delaminated (i.c., cleaved) along a separation plane that is different
from the bond interface and which has been formed via an implantation technique.
One structure is typically referred to as the “handle” wafer (or structure) and the other

is typically referred to as the “donor” wafer (or structure).

[0029] A dielectric layer may be deposited on the surface of the
donor wafer, the handle wafer or both, prior to bonding the donor and handle together.
In this regard, the SOI structures and methods for preparing the SOI structures are
described herein as having a dielectric layer deposited or grown on the donor wafer
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



[0028] Multi-layered structures and, in particular, silicon on insulator structures and methods for
producing silicon on insulator structures are generally known by those skilled in the art (see, for
example, USORAtIAsd446 189,500; 5,436,175 and 6,790,747, each of whichGE/IH28I3@23Bd herein by
reference for a%%gﬁlf\ﬁ%\?nd consistent purposes). Ig an exemplary process for making a
multi-layered [ugture, two separate structures are prepared, bonded together along a bond interface,
and then delaminated (i.e., cleaved) along a separation plane that is different from the bond interface
and which has been formed via an implantation technique. One structure is typically referred to as the

"handle” wafery(ar, stiuchirel Anskthaipihat s tunisalbareleran 1 2 e daRQrvRigs@r structure).

[0029] A dielectric layer may be deposited on the surface of the donor wafer, the handle wafer or both,
prior to bondiny58"8nor and handle together. In this regard, the SOT structures and methods for
preparing the SOI structures are described herein as having a dielectric layer deposited or grown on
the donor wafer and as haVité@pihe Sihfheadts wréchargibewafenbbhdehty thetguaface of the dielectric

layer. However, f, shauld e, ungerstaodiihal iha dislectricaver may Rs arawn,andspgsited on the

handle wafer alternatively or in addition t6 growing or depositing the dielectric Tayer on the donor wafer
and that these2etHye e idays Bis Bosriad i @ngabftAeniaide s uniasy eviedtstivembatdititation.

Reference herginrte theieleciiicdaveal-neigmdisppssehan-thathandie wafaralgneshauld not be
considered in a Jlimiting sense. [0030] Typically, at least the donor. wafer and more typically

both the donor &8 EHERL Aot B AR LTS O oREd S LRgra I BBl WAKSs, however it
should be notedttidal glibgrhstatisngusttziciames mand lkenisadtisus thassfulliylayd e davadkar heterolayered

structures witheut,degaring.Tom s present disslosus, in aseordance, i fedrgsent disclosure,
the handle water and/or tﬁeaonor wafer are ¢ aracterized Ey aving an edge roll-off amount ("ROA")
that is below cdntesttionad sagia -l 67iF@ Telsromaradeapitiiaw afegts isstarsiliged to produce

multi-layered WMQH%&%@%&P&@E&JW%@R crystal ingot grown in accordance with
conventional Czochralski crystal growing methods. As such, the following discussion
frequently refers to a specific type of multi-layered structure, i.e., SOI structures, for
illustrative purposes. In this regard, it should be noted that the handle wafer and/or
the donor wafer (and even a bulk silicon wafer subjected to the polishing and cleaning
steps described below) used in accordance with the present disclosure may be any
diameter suitable for use by those of skill in the art including, for example, 200 mm,

300 mm, greater than 300 mm or even 450 mm diameter wafers.

[0032] Referring to Figure 1, a diclectric layer 15 (e.g., a silicon
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



[0031] The handle wafer may be obtained from any material common in the art for preparing
multi-layered structures, such as silicon, germanium, gallium arsenide, silicon germanium, gallium
nitride, alunRIA§HiEE44phosphorous, quartz, sapphire and combinations B{eFasR0SIAAMY, the donor
wafer may corggﬂfglﬂ)& germanium, gallium arsenéde, silicon germanium, gallium nitride, aluminum
nitride, phosphious, quartz, sapphire and combinations thereof Typically however, the handle wafers
and donor wafers used according to the methods of the present disclosure are single crystal silicon
wafers and generally are single crystal silicon wafers which have been sliced from a single crystal

ingot grown ingiegqrdance ditkeRNYpAtiaNRkG ZoxMRlRK AR aRWiIngmetbeAs: Anguch, the

following discussion frequently refers to a specific type of multi-layered structure, i.e., 501 structures,
for illustrative PRIBSERICIN RS gAFAXAKAAAYEE e tiaTahiee ek (st f& 1 Aor the donor wafer
(and even a bulisisdiiemywafenzsubjaciettaihpdnlishiog ia Rt eéeaninehsiaprisiessiped below) used in
accordance with t resent disclgsure m lameter suitaple for.use by those of skill in the art
including, for @)?éﬁwh%é%%ﬁo frlrlﬁh,e%%ﬁn r??b rﬁ}%ﬁ@%aﬁ a§Ifﬁ£ersn(r)n BERIHIE % ?rr]er%ltglcaor%eter wafers.
[0032] Referrimgtid Higue )1 alandistectricdayed Madaayiya siidon 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 tecioisge in the atasuehrasithes malesidatian, wetionidadmn, thermal
nitridation or a combination of these techniques. Geperally speaking, the dielectric layer 15 is grown to
a substantially GRS HFCKELREUIEIBHS & SR U SISE AR Evet 1RSOAGRY fte&h the final
structure. Typidalksthiolugsel ¢hmidiebdctnit tlayemidasva fliakdesamfvatfteast adiesdt 1 nm and less than
about 500 nm, (g inaf 4houl SAANM, IS han abov, 200 Jeseihan ahoul, 199 nm. less than
about 100 nm or even less than about 50 run The dielettric ayer 18 may be any elfectncally insulating
material suitadieforgisense. B SDIRtreictumen e teshmiqraekizgeo taphiingfSiol imthedrium oxide, or
magnesium oxigde. 0,00 §Hadingnh he disisalisiaveldys is Si02 (i.e., the dielectric layer consists
essentially of Si02). However, it is to be noted that in some instances, it may alternatively be
preferable to use a materiat&ggzﬁle iI(lal ctric Iac\{rer which has f rrrrwlel%in pg[ant V}/nrg%gtilslp‘igher than the
melting point of pure Si02 (t.e.; ighgrs[ SR abouts > falrlnp €80t Suth matetials are silicon
nitride (Si3N4)naltoginwaml bxlden atvdom agnegiam aidite substantia]0B8fdmikjseegdrdkittbhould be

understood tha, i he SO LGRS A deseribea hteinian baving s dielaeirg faver, in some

embodiments the dielectric layer is eliminated and the handle wafer and donor wafer are "direct
bonded." Refefgit€ethrafir e enbH dfisrscefiionnsrs 8RB Sepanesbsiderédiefa limiting sense. Any

one of a numbhginefiteanpigHes e o sAass Rhskbnmtieadc-madasuserdproduge such direct
bonded structure [0034] lons (e.g., hydrogen ﬁto S, helium atomsgéllglgc&%n ination of

hydrogen and Wéﬁﬁﬁ?ar%%%}‘%?@ A PR AL P R &SRS HOPr BB &neath the front
surface of the plonarswatdssal defing dactaae {06,147, [lshbuldthe patetstthatmapren combinations of

ions arc ‘mp_'a'i‘&‘éﬁaé??% E@(%lel%,‘%g) apted copeurr ﬁé‘%%ﬁ.%%%}“&“&t%{%1'%6'“3999%%599 may be
achieved using means know In'the art. For example, this implantation may be ac |eveg in a manner
similar to the prd@esemisaiostd tifallegerRatdnfoNex BB apaTt ThisiaheatidA derdtsetetdmay include,

for example, i%@%@%@e@ﬂ%@eﬁe@%%ﬁe@f m&&&&@%@@bﬁ%/@%}%ﬁéﬁgsmmz at a total
energy of, for example, about 20 to about 125 key i)?%.lg.,. H2 maévbe implanted at an energy of 20 key

and a dose of LRRAEPE Rideisdsod s iaseorbiPatH ISR Sscanbingn by be adjusted
between the cambiradiamglly (e.g., He' may be implanted at an energy of 36 keV and a dose of 1 x

10'® ions/cm” followed by H," implanted at an energy of 48 keV and a dose of 5 x

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



ions accordingly (e.g., He' may be implanted at an energy of 36 key and a dose of 1 x 1016 ions/cm2
followed by H2+ implanted at an energy of 48 key and a dose of 5 x 1015 ionslcm2). [0035]
When implaM@#8hlisdpttformed prior to deposition of the dielectric layer, thB(HiBS2H @A FGrowth or
deposition of th Qif@ﬁtgic layer on the donor wafer ig suitably performed at a temperature low enough
744- . . . . .

to prevent preaure 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 28744-34169
PCT of the implanted species, implanted dose, and implanted material. However, typically, premature

separation or dJeguing iakPsaueideth n@ARRINAG:A SRS AR 25 g1aYdagmperature below about
500C. %(3036 eferring now to Figure 2, the front surface of the dielectric layer 15 is then

bonded to the ¥BiRRYrPAEBXFIS PRORERER AT BT RS fI7N LS BYHeRHONARINBIIARSUgh a hydrophilic

bonding procegs:okhtliglgeitienlayepctinandhandiwaim 0 may be bonded together by exposing the
surfaces of the wafers to a plasma containing, for example, oxygen or nitrogen. Exposure to the

plasma modifies the struct%%]th§%%§0@ 2 ﬁ%&%§ alten referied.to-as. spifacg activation. The
wafers are then pressed together and a bond at the bond interface 18 is formed thercbetween.
layer 15 is then bonded to the front surface of a handle wafer 10 to form a bonded

wafer 20 through a hydrophilic bonding process. The diclectric layer 15 and handle
wafer 10 may be bonded together by exposing the surfaces of the wafers to a plasma
containing, for example, oxygen or nitrogen. Exposure to the plasma modifies the
structure of the surfaces in a process often referred to as surface activation. The
wafers are then pressed together and a bond at the bond interface 18 is formed

therebetween.

[0037] Prior to bonding, the surfaces of the dielectric layer and
handle wafer may optionally undergo cleaning and/or a brief etching, planarization, or
plasma activation to prepare their surfaces for bonding using techniques known in the
art. Without being held to a particular theory, it is generally believed that the quality
of the silicon surface of the SOI structure is, in part, a function of the quality of the
surface prior to bonding. Additionally, the quality of both surfaces prior to bonding

will have a direct impact on the quality or strength of the resulting bond interface.

[0038] In some instances, therefore, the dielectric layer and/or handle
wafer may be subjected to one or more of the following procedures in order to obtain,
for example, a low surface roughness (e.g., a roughness of less than about 0.5 nm root
mean square (RMS)) prior to bonding: (i) planarization by, for example, CMP and/or
(i1) cleaning by, for example, a wet chemical cleaning procedure, such as a
hydrophilic surface preparation process (¢.g., an RCA SC-1 clean process wherein the
surfaces are contacted with a solution containing ammonium hydroxide, hydrogen
peroxide, and water at a ratio of, for example, 1:2:50 at about 65°C for about 20
minutes, followed by a deionized water rinse and drying). One or both of the surfaces
may also optionally be subjected to a plasma activation after, or instead of, the wet
cleaning process to increase the resulting bond strength. The plasma environment

may include, for example, oxygen, ammonia, argon, nitrogen, diborane, or phosphine.



[0037] Prior to bonding, the surfaces of the dielectric layer and handle wafer may optionally undergo
cleaning and/or a brief etching, planarization, or plasma activation to prepare their surfaces for
bonding usiMPréeHnibeids known in the art. Without being held to a particul RICIHES2)11{UZ38Enherally
believed that t9§7%_a}_li ¥60f the silicon surface of the ﬁ)OT structure is, in part, a function of the quality
of the surface P iar to bonding. Additionally, the quality of both surfaces prior to bonding will have a
direct impact on the quality or strength of the resulting bond interface. [0038] In some
instances, therefore, the dielectric layer and/or handle wafer may be subjected to one or more of the

following procedures in ordgji pbigin foi CAMRIS, &% RIHIRLENAVEDNERS W& dsirfy roughness of
less than about 0.5 nm root mean si(juare éMS)@?ﬁEﬂor to bonding: (i) planarization by, for example,

CMP and/or (ijSeFa4AINGBY (Tdmigus kPR mivEe e MRAT efehn g ghoumpigre dperhis'a hydrophilic
surface prepamiigs: Picess (@l inbriREAsSHTikicleas procesawherris:the suHasesdare contacted
with a solution. CPTainin? a%rlnargum htg/c{zr?oxide, h}/dro?en %emﬁide,tandfw(?ter ata tratio of, for
example, 1:2:50 At A50uUt b5 0 dboa Lo'Y ?ﬁﬁ%@s?‘f%ﬁ owrel eby%’e elonized watst fitse and drying).
One or both ofathegshefelcescrnaycpdsoiopibmally e thedjectedaiora Plaprwlndiivatiam, after, or instead of,
the wet cleaning, ragess I, Ncirase heLaariinghond alenain: beAlrsmasnyipament may
include, for example, oxygen, ammonia, argon, nitrogen, diborane, or phosphine. [0039]
Generally spedfils Wafférbosines fassHE alEHie aU ShE EQ5e AR RY rapk feBmsIgtEcknown in the art,

provided the epgigy.amplavadderashirvadanationatiiehantintestagedosufficient to ensure that the
integrity of the bond_interface is sustained during subsequent processing (i.e., layer transfer by

separation aloAYHa el 5PLABArAAEA b R W%Bﬂ%%%@)fofﬁﬁfb%ﬁ‘/‘?%owever, wafer
bonding is achieried dfitieaniagtinglthe sbwtade efciieldialéeviatayer andittiehiandlsbwafer at a reduced
pressure (e.g.,,about 50 mTorr) and at room temperature, follgwed eating at an elevated
fomperature (4 3 R b o S R B, SR B s ot e
about 500C) fdwatisgfficierikpatisd dfabaws 3805C Erlebmittdbmur 1 0hsorewdsgantiedasicabtut 1 minute, at

least about 15@@%@&@&&%?%@98% LA RLLUEN A406 35 APQUHE AN AL koG 0r RKmple, the heating

may take place at about 350C for about 1 hour, The resulting interface rgrb?&/ have a bond strength that

is greater thanButBeicHibam oy AN AR aUER GERY RIS AhPuatOotha Boodi$500 mEm?2, or
even greater thrRaaPUIPRAGIRJ (N Thefalevatat Rmpasatusad Castsedhedadatian of covalent

bonds between the adjoining surfaces of the dongr wafer and the dle wafer, thus solidifying the
ond beweor e AT T T Wl TG e L5t EOR N T 1 SHGSERE) 6 annealing of the
bonded wafer thkelions ez dienihiptdateldcinife. domanwafdy wehkenhtetinteaamane & portion of the

donor waler s EMARANAISE 6 AEAES) AR HERUGRIRIR fomdie pondad waler to form the

SOl structure. 0] Atfter the bond interface has been formed, the resulting bonded structure

is subjected toPkB\difhoprstiurfdidtdeniavrier astrepireaansithe depaditidonsthd sz plane within the

donor wafer (Fign3):SeNRIBYYReRKING thisfRCRIE MaM e achieved using techniques known in the
art, such as thermally and/or mechanically induced cleaving techniques. Typically, however, fracturing

is achieved by annealing th deg frycture at a temperature fatl st aboHt 200C, at least about
300C, at least about 400C, @{? @lst about %lé ,lgt 1tlfalcs.étja Sout %g?)rg&%at feast abbut 700C or even at

least about 80bMdedestantperiatee dsedd doinomdisioangefofichitexelvsie, fedsoue 200€ ths about 800C, or
from about 2506, Inahput GaRE h ItARaEiPA CERJERIFAREIY 1D WERAIS S ,abieut 1 minute, at

least about 15 minutes, at least about 1 hour or even at least about 3 hours (with higher temperatures
requiring fracture may be achieved using techniques known in the art, such as thermally and/or

mechanically induced cleaving techniques. Typically, however, fracturing is achieved
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



shorter anneal times, and vice versa), under an inert (e.g., argon or nitrogen) atmosphere or ambient
conditions. [0041] In this regard it is to be noted that in an alternative embodiment, this
separation 428¢liieflééd or achieved by means of mechanical force, eithB¢ BB Y33 &idition to
annealing. For i%r}ﬁ? the bonded wafer may be pﬁlced in a fixture in which mechanical force is
applied perpe ar to the opposing sides of the bonded wafer in order to pull a portion of the donor
wafer apart from the bonded wafer. According to some methods, suction cups are utilized to apply the
mechanical force. The separation of the portion of the donor wafer is initiated by applying a
mechanical W%qgeeﬁttttea@qgl%sotﬁaevll@Q%t%ebWﬁtet ah therdleavaRiane: nrsglsrto initiate propagation
of a crack along the cleave plane. The mechanical force appliéd by the suction cups then pulls the
portion of the d%ﬂ%ﬁp\l?fé?e‘?rﬁ‘mwﬁt%c%‘ﬁ&%’éﬁwafer thus forming a SOI structure. [0042]
Referring to Figure 3, upon separation, two structures 30, 31 are formed. Since the separation of the
bonded structure 20 occurd @lénp thetkleegerdldanetd bamdhel dwhor avafesriRif€ig. 2), a portion of the
donor wafer el et afioQRLATRAHIESK froRPEIARRANIR oG NGRS ragferred along with
the dielectric layer). Structure 30 com rises a portion of the donor wafer. Structure 31 is the silicon on
insulator structQfecesithicloar stHeagiareinararal B tHeoriaraeRs thybedsdaridca Bmebp layer 25.

[0043] The resmbt&eg RO .atiGHgRE RCIHEeSaEhiR lauspiRfisiicam &b thecnattignafithe donor wafer
remaining after leaving) dis (%osed atop tge dle|e%SI’IC layer 15 and the handle W fer 10. The cleave

surface of the % Fglfrﬁlc?tti?g SRS T RTST 0P SHRSHOSF thEn G SR WAt RS OFBL}beh surface that
may be smoothed by edditionabpimeessinge Thehstiy ctite 3 tupraydetitiubjectashtp tadditional
processing to RIg c(Iglnuce |I|conﬂ1 Fyer surttgge %vm deswﬁlalee Cl1‘0enac1)trure etolg gnet\llé1 € fgbrlcatlon thereon.

O1CC GPH. ?&) 1011 O 8/
Such features inc OI’ example, reduced surface roughness, and/or a reduced concentration of

light point defeglying a medgoas] Wég@ermmwmhhéq@@ﬁemfam&meam@@mm wafer and/or
the handle Wa@ﬁ&%@%ﬁﬂd@é%@ﬁ%ﬁ?ﬁml %%%ﬁghﬂé‘%l@a@%‘bf&ﬁeanﬁﬁé’B{e@%ﬁ@ﬂ%l%éha”

conventional donor and/or handle wafers to improve the bonding between the dielectric layer and the
handle wafer &PHEDRYiHeratRasERsIRTBmY Y trePBBifde] diflRpe VR Afraigaredety be

determined bywyell khoybrindigsirgoneassiteenent protocols. Particularly, ROA may be measured using
the height data profile as disclosed by M. Kimura et al., "A New Method for the Precise Measurement

of Wafer Roll off of Silicon Iﬁ%@]eq{\é@fgﬁ M Q. ﬁﬁﬂ&n@@éﬁﬁﬂu\é‘ﬁl io Mc%@e'sggo(]s%gg) which is

incorporated herein by reference for all reIevant and consistent purposes. Generally, the methods of

Kimura have béefosiaddardised piemeriivandtiedemiedrsiestuinslosrralmmgghpeliatiee for

Determining V\ﬁ’éﬁé Nearddgndes eametry (#sing) Ralbafb AeTadoRfPAdiRr eliminanya{4007) which is
also mcorpora& herein by reference for té?éjjevant d.consi ten%]%tjrpose l;{?ljst commercially

available wafePIHsS IS HstrhPaRS TSP H%Hat%s BRY r instance ROA may
be determineddyeuse ddyadK L tri@ncorOWaigrisspesiidnSyfstend asingaivafenSoght dnatysis hardware

(Milpitas, Ca“fﬁ{ rIIaﬂcon on insulator structure and includes the handle wafer 16, the diclectric layer

15, and a silicon layer 25.

[0043] The resulting SOI structure 31 includes a thin layer of silicon
25 (the portion of the donor wafer remaining after cleaving) disposed atop the
dielectric layer 15 and the handle wafer 10. The cleave surface of the SOI structure
(i.e., the thin layer of silicon of the donor wafer) has a rough surface that may be
smoothed by additional processing. The structure 31 may be subjected to additional
processing to produce a silicon layer surface having desirable features for device
fabrication thereon. Such features include, for example, reduced surface roughness,

and/or a reduced concentration of light point defects.



[0045] With reference to Figure 4, ROA of a wafer 20 is generally dctaniined by reference to three
points (Pi, F.) and Pi) along a wafcr radius. A reference line R is fitted between two points (P1, P2) and
the third poiMQRPBYLEMAthin an annular edge portion E of the wafer whereReR:BR2H E6#3Pdntionally
observed. The ﬁ\_ﬁltge distance between the reference line R and the third point P3. The annular
edge portion P he wafer generally extends from a point about 98% of the radius of the wafer to the
edge of the wafer. For instance, in a 300 mm diameter wafer, the annular edge portion starts at about
147 mm from the central axis of the wafer and extends to the wafer edge. The reference line R may be

fitted as a first order linear @@m athird QearPRYNAIaLEArRLBRRESIAf iBRPRESERt disclosure, the

reference line is fitted as a first order linear line unless stated differently. [0046] In this regard,
ROA may be éXffesSed ks vhiostieie RO IbHRK LI RE ROAYF #fiCkRkss ROA (ie.,
using an averagejckiRens psatita)ionipabsstiageRfiRNhbactostifase BO¥onaaasurements involve
fitting a best-fit reference line R between Pjand P2 al respective front or.back.surface and
tickness RORTVETIRL AT B BSC AT ML BAELE Jior DU SR LU TRHIaER pi and P2
(i.e., the thickresddGrautakes R acgppatdodth bhedrantiagitbyaci Idurdaceh dRstyoff amounts recited

herein are thickness RO MGBSHEPSSKPEREANT ‘Bg]r%'é\ﬁgﬁt%d using thi9R4 \While any of three

points may be chosen to determine ROA, oné commor method used in the art includes using a first
point that is abbefiB2ydsdpad badtuKerurechaferFdsrthictedtfer BikiBiseise wafer and a second

point that is abau}@23% of the.radies Bamprtbeicant@l axiswhthe waferdodympine refgrence line R.

These points are about 124 mm and 140 nun from the central axis of the wafer in a 300 mm diameter

wafer. A third poifPabodr 987296 SRR FHAREPSFaled Irsrdt Borr trracsetiall SXRYfPEa 4t about 149 mm
from the centrabasiisctanparB@@mGedtantiefeiovadei) dnayKiemusddveiitdhetdigtadicedisttheen the

reference lino and the third point bei WT 11%9 may. b sured a veral radii of the wafer
and averaged.1 or %Ws%% éféﬁw%xﬂxg%go , I4 or 8%5%@%%506%%%%11 (‘\ép%%rgors%s?etﬁe \f‘\l/%l?er may be

measured andGegareigedsifFe Rilbefh denROARQAY (Belndastndd08y aveidiging e ROA of eight radii
(e.g., the eightradih @t Q4 fiaid ge?ée&&%?gﬁ rd &t S tonisihg ﬁf&&%@f‘#ﬂ%{e system as

described in SEMI M69). , 048] As described above, the ROA measurement may involve the
front surface pTEMMBCIHRLILY QYARRITSTREBIRFHERR SLLTBRAIE 41 Mifshegaamedineeledlatied herein

refers to the RRAANE3SIHAEhBY RISA i 4 edeséfitiiRickpess arokle Al-entickngss ROA rather than a
X : . . . ; o 0
front surface IiOAQC?f th§ wafer wit a&g%ar flrsta(l)rde lmfﬁ bemlg[i‘fgs abl@nlefd between 84% and 93.3%

of the radius of HRESHAFer T WA She d SrRFEIN U TR S ANUIRI R S8 H8TSH of the wafer being at

99.3% of the radius, unless stated otherwise. In this regard, it has been found that the thickness ROA
better correlates to improvd@HshdiNg i Beadrbiswadure At torfsrditamsadidivhich the silicon

layer extends R ha Wwaler edaaiRdhe desuPing P 1 stusatreAsheampaieddrisha front surface ROA
(Examples 1 arrg: erze)flce line R is fitted between two points (P, P;) and the third point (Ps) lies

within an annular edge portion E of the wafer where roll-off is conventionally

observed. The ROA is the distance between the reference line R and the third point

Ps. The annular edge portion E of the wafer generally extends from a point about

98% of the radius of the wafer to the edge of the wafer. For instance, in a 300 mm

diameter wafer, the annular edge portion starts at about 147 mm from the central axis

of the wafer and extends to the wafer edge. The reference line R may be fitted as a

first order linear line or a third order polynomial. For purposes of the present

disclosure, the reference line is fitted as a first order linear line unless stated

differently.

[0046] In this regard, ROA may be expressed in terms of front
surface ROA, back surface ROA or thickness ROA (i.e., using an average thickness



28744-341614 PCT [0049] It should be understood that ROA, in regard to the thickness profile,
may be a positive number in which the wafer becomes thicker in its peripheral edge portion or may be
a negative NUMBEAIHAHICh the wafer becomes less thick in its peripheral eBg&BYHidA2893his regard,

use of the phr 5 , gilgwan" herein in relation to an 1I?OA amount (either negative or positive)
indicates that IS in a range from the recited amount to about 0 (e.g., an ROA of "less than

about -700 nm" refers to an ROA range of about -700 nm to about 0 and an ROA of "less than about
700 nm" refers to an ROA in the range of about 700 nm to about 0). Additionally, use of the phrase

"greater than” ip fialatien fa aHROAGIAMIL(eItieRReTRYIXEREARSIUR) inchies ql-off amounts in

which the edge portion of the wafer is further away from the axial center of the wafer than the recited
amount. beghistftreaecirddn ke With BniBddinilang BF fiieppravefealayBat & iiecdonor wafer
upon which therdielegdiisJRE@Aimdapesiachon Qv (D6 RS ieSamaefiTadIMentEneieen which the

dielectric layer is bonded n of less than about -700 nm. In gther embodjments, the ROA of
et ec Gy v LA e S R i SR et (i e
than about -300mhmmge le8s kel abauits 250tethhoriron tibduesd B QM reaboumemO0mess from about -50
nm to about -65QQer&rgmfg%gbout -100 nm to about -500 nm, from about -100 nm to about 400 nm or
from about -100 nm to about -300 nm. [0051] Alternatively or in addition, the handle wafer to

which the dielectric layer and donor\)}\g%fer are aftached (or, as in Eome embodiments, upon which the
dielectric layer is deposited) Haslan REAGY IREL PP IO REY SRR IACHRSFR R Hithents, the ROA
of the handle wadenisressnthtiodaixedtinGO ait mdieds dhangb vt fod that,iledeih8d Zoedt -400 nm,

less than about, 300 17|65 AN RO 230,00 2bout 14 (it w700 am, from about
-50 nm to about -600 nm, rrom abouit ~100 57N to about -500 nm, from a out-180irm to about -400 am
or from about 2boat Qs abhetragon fipm the central axis of the wafer to form the reference line

R. These points are about 124 mm and 140 mm from the central axis of the wafer in a
300 mm diameter wafer. A third point about 99.3% of the radius of the wafer from
the central axis (i.e., at about 149 mm from the central axis for a 300 mm diameter
wafer) may be used with the distance between the reference line and the third point
being ROA. ROA may be measured across scveral radii of the wafer and averaged.
For instance, the ROA of 2, 4 or 8 radii angularly spaced across the wafer may be
measured and averaged. For instance, ROA may be measured by averaging the ROA
of eight radii (e.g., the eight radii at 0°, 45°, 90°, 135°, 180°, 225°, 275° and 315° in
the R-0 coordinate system as described in SEMI M69).

[0048] As described above, the ROA measurement may involve the
front surface profile, back surface profile or thickness profile. In this regard, “ROA”
as used herein refers to the ROA measured by use of the best-fit thickness profile (i.c.,
thickness ROA rather than a front surface ROA) of the wafer with a linear first order
line being established between 84% and 93.3% of the radius of the wafer and with the
reference point in the annular edge portion of the wafer being at 99.3% of the radius,
unless stated otherwise. In this regard, it has been found that the thickness ROA
better correlates to improved bonding in the bonded structure and to the distance to
which the silicon layer extends to the wafer edge in the resulting SOI structure as

compared to the front surface ROA (Examples 1 and 2).



[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 (e.g., less than about 400
nm, less thaMABKIHIOD+hm, less 28744-341615 PCT than about 100 urn, PSHERSLY2ZEF hm to
about 400 nm 7f£2_r§14:ilgout -700 nm to about 100 nm). Further, in certain embodiments, ROA
amounts other; an as recited may be used without limitation. [0053] it has also been found
that, in addition to the thickness ROA, the second-derivative ("zdd") of the front surface shape of the
donor and/or handle wafer correlates well to improved bonding at the bonded structure periphery.

Accordingly, the second de[b()qtjge ({'ggggpdmgﬁr%&ﬁdtﬁﬁp@@gyﬁf;ggquqm@ﬂ?cm than about

-800 nmimmz2, less than about -600 nm/mm2 or even less than about - 400 nm/mm2 (e g, from about
-1110 nm/mm2 RS 0813 - 20D I BP S SRPRELNS SRR tASHIR 19BETIH#HM2). It should

be understoodcthatpedsbmayng 8Os8MERUTMRBE MW theedaescobihe waferdelnug (i.e., away
from the axial center o{t e Wafe(r?)no&tlatn[if§1 ativg numl%%ein which the Ea%g%s of ther\é\iggar roll down (i.e.,

toward the axiBF"eRITSr &F&HBWA er).in is %rga}l “Jse'd %%S%hlreasgé essian™hefeiin relation to a
second derivativendtoA aindicGtidst et thecsagondiderivdioaes thddthe & (aisamgeafrgen the recited

amount to abogg Q @egegﬁe%ld%%%{lﬁ'tetﬁsa%%{‘oa@%,tai}ﬁ%%'la'f‘li‘e?@ﬁiéﬁeiﬁéﬁt@i@o%ﬁﬂ”%f&% range of about

-1100 nm)mmz2 nm to about 0). The zdd may be measured across several radii of the wafer and

averaged. ThesaeBQdengaaiebaiy /0o éormeas Graedisp Biidint e harcrbpitb’d8veral sectors

(e.g., 2, 4, 8 opdb REEtOIShARDEAE WAtREAB AWRIACeIRRksidR P flrashsestyr The zdd may
be determined for the averaége front-side profile of each sector and then the sector. second derivatives

may be averad®uP i thisHFEg5r i ah el SRS RO T AUYER GRS RSYRINERPEY Weraging the zdd
for 16 wafer seatrdes niissSiatechothenhise the edge f@H54 oBiheadifeirig fiheh R @Rapfithe handle and/or
donor wafers, %ondinp QI%EWGF%%K‘V%EQFQ ac&r(tiﬁ '99{;%@3&(1 ('gﬁgthandle wafer at the peripheral edge

. € axla . L
portions of the bon ed structure is improved (i.e., voids are reduced, bonded area is increased, and

bonding extends closer to the circumferential edge) as compared to bonded structures that are
produced from conventionalMaRbile b ATPRfTABISWHR g imral o Srmecimh BvEeSBSnding, the silicon
layer of the reshdtingGifstiyeiureniandsidatoses iy Ehe adgsiaidbedandl@wales tenmdich itis
bonded after Cé?n \ggl]i eIII;ltst,h uepon which the dielectric layer is bonded) has an ROA of less than

about -700 nm. In other embodiments, the ROA of the donor 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.

[0051] Alternatively or in addition, the 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



bonded structure (i.e., before cleaving), the dielectric layer is at least partially bonded to the handle
wafer such that bonds extend from the central axis of the bonded silicon on insulator structure to a
point at leasVaIFHut /98 BBk of the radius of the bonded silicon on insulator sRGEURRHAA233Z0me
embodiments,zt%ilﬁ‘pﬂ%at least about 99.2% of thelrgldius, to a point at least about 99.4% of the
radius or to a point at least about 99.6% of the radius of the bonded silicon on insulator structure (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 from about 99.5% to about 99.9% of the radius of the bonded silicon on insulator structure). For

instance, in a 300 mRY.bARFeH, SiceaenInRWalRTStEIWE, hRndshatean thadislestric layer and the

handle wafer may extend from the central axis of the structure to about 148.35 mm from the central
axis of thc borftfeHSPicHe BBt RESHUBSMOPABIE Mk b RASHAS Gtel A4 dhfrcitesh the central
axis (e.g., frommaboutuidBwhsamiteiabent 149.85 mm. from about 148.8 mm to about 149.85 mm or
from about 149.25 mm to about 149.85 mm) To determine the extent to which bonding occurs in the
bonded structure, the bonded wafer may be cleaved in half and analyzed or the resulting SOT

structﬁrebmag be analyzeld ([joomp AFERERAGHD gééﬂﬁoﬁgu:mﬂ,awadﬁghi&)rﬁg@ﬁmkt{&%sm,ﬁ "aét Ieas;t )
partially bonded" may ipclude arrangements in which bonds extend to the circumferential edge of the
il amdlor BT A DATGES Lot oRe B8 P e RO BE U Goad s, i
certain embodiméntsyrthinteadiall of ithpriremidlendateattiaybdiffed ftomtthapthiphatthe dielectric layer
and/or the siicon.iayer. e o NG AQT suqumafier eanua s adseult of parliahbonding) and, as
used herein, the gradllnljgsyc’) tﬁe 8% structure” refers toythe radius oaf t%e handle WaPelr’unIess stated
otherwise.  less tfROBEPThROMereae’incpetiphabanbdiMingumieberradessthastebeuaows the silicon

layer and the diglegiimi@/erdo miensheloserda e sraumisients adasebiha.hanse wafer to which

they are bonded in the resulting SOI structure. In several exemplary embodiments, the resulting SOI

structure inclu8&% HYMEbAAZYEr N9 Bty albshguiidie cadensigad thaheddianalSfom the central axis
of the handle wadvtonarpbintmaiviaastiatagt 98t Mo withadndiug.of thedhaodliehyaferiand, in some
embodiments, t%taqujﬂlt at &II?% t about %?.Z%H% tpl%r ithfhto %oinfttﬁt Ieafstr%l Ht 91?.4% of the
radius or to a pc)gin? at least about 49896 OF the radius of the hahdie Wa %P’v?ee.g.,o 0 %VY)oint from about
98.9% to about 99 9%t tirearadivs)tirorhthbwaf@D. 2046ho wigawd 9% 9¥sherHioaqpdiss flomi’ about 99.5%
to about 99.9% ofiihg tadis b the handie AT . FRNINAABSE: iR R0Q.03My 3 siugture, the silicon
layer extends about 148.35 turn from the central axis of the handle wafer or to at least about 148.8
mm, at least abBAe 24911 #rifdes Eenetistrapidis Aot tarmbre the- cermddicaxissitiAg handle wafer

(e.g., from abaiwbiA48. 8 midenabeut:d 498/ MMhr emeaeubdf818 omiarmiFaih 1¢49.85 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 thaHikhile bRTENHELY G BERSPRAHSANSS PRI, UAVHG {HL e under an
optical microsdipeeadend, dstihaa ety ebive) mechras byNordaigkhdikfeienitial deterference contrast
(DIG) microscgpe. An ex lary image, of the top of an 501 structure is shown in Figure 5. The SOI
structure 15 pastal Sty e e L e B S SR 8 porton 69
that extends frenehtbrstet gEhs 2 st miviy Sitidoisnaymd dor ibeeceipdmotoidherafdfepf(tech the surface of the

handle wafer wob%ﬁ%éhi{hmmmd@g}m@@&my be ave{9§l§17]IH&E@%J&Q@I@;@E&@OU|d be
understood that, as used herein, the width 60 of the unbonded portion 69 does not include the beveled

region 67 of thEMREIEY "eFHEddETRIR pErtRoMIg YRt aNee stomilthadd ded Gp@icsseitith appears as a
light band in theiggagetéa aichange 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 ape[>6(§344}0 @?r@ﬂi&?ﬁh‘@@ﬁ(ﬁggﬁﬁghéﬁa‘%%El@%ﬁ?& @QP@‘{? the apex 54 is a

shadow produced during microscopy and does not form part of the wafer. 0058] in addition to

having relativeln8RedeR ceiatigidigdRelioliseiaasers haedanaie sdhspitttrefdstalso be

characterized g&higwi g BdGvharaeuit@tdrghifieltdefecturn thebantewtaseoftagsrespective
wafers. Brightfield defects (q%n the surfac%]o the dOH‘?I’.W&fe and/%r handle wafer weaken the bond

between the dBITER R greredn e itk B bNe HFRL SRR LAY SHIADPERSYER in the SO silicon
layer. It has béendalsicitihatthbavatesrpdlishifigandolestivng seqilencédaeseriiad. b&kow result in a

wafer with abor%glﬁtoorf lt%%‘cin%{g%ﬁ%gng%cgﬁ%e %Il?cosﬁzlgyer of the resulting SOI structure extends

closer to the edge of the handle wafer to which it is bonded after cleaving. In the



greater than about 6 nm on the front surface of the wafer and, in some embodiments, about 2 or less,
about 1 or less or even no brightfield defects of a size greater than about 6 nm. Alternatively or
additionallyWI‘inWdféQﬁMéy have less than about 6 brightfield defects of a sP€lg¥saedt/¥Rét3 about 4.8
nm or less thaQ Iess than about 2 or even |§%ree of brightfield defects of a size greater than
about 4.8 nm @@r ron surface of the wafer. 0059] In some particular embodiments, the
surface of the water does not contain any observable brightfield defects of a size greater than about 6
nm and has an ROA of less than about -700 um (e.qg., less than about -600 nm, less than about -500

nm, less than gbauke 4ARAReshaR ke AR RLIRSRBAR aekk 2NNk the polishing

and cleaning methods described below are described with reference to handle and/or donor wafers,
they may bc afipied'i8dirarers gurambrrdtanigidkdraxiinptatrahakisrighs Rt licdh wafers. The

methods genesallysigstalt e &0 A pyaters] thatabrfugtber shacaateiizetiasbbaysdag low amounts of
brightfield defecllco #1 no br| htflcld defedgmgreater {)h%hme m, in size [()00?0] The resulting

SOl structuresmay aiso" léac ATALEEHis8 Vreducdd Bnotn s’ & %P"‘ﬁ?ﬁa SH53L888L at the interfaces

between the vasidlisdasrersdrhiciy repuilts dnlstsoalgert BBAlsdiehwesiuthe uampumﬂaymtof the structure
and causes legg\oigls 4o, f&f{ﬂe' LG %4*8%%9&&’&8%11%%5 Hﬁu‘?aﬂ SHUGHE! Ec%da rlg ofifi interface

between the dielectric layer and the handle wafer and an interface between the dielectric layer and the

silicon layer. IAToBYRMQERBGHIARoM A haidie Waites ey Hovs Ubd(tts Groes¥Briyptfield defects of

a size greater {hapaRous 6 M RbSINEERER Withihe dielegiicoRyenerdas dni@herembodiments,
about 2 or less, about 1 or less ar even is free of brightfield defects of a size greater than 6 nm at the

interface with fﬁ%ukﬁt&re‘?ffﬁﬁt‘iléi)erls 9 TRENE S a0 SRR dansstiHisRrs OHBSHARII S WP may have less
than about 6 bsghitfietdvdenettsdidl ecaizdagee atertirdiamido whf:Bniin crdessrtharhabaitad, less than

about 2 or even is freg of brightfield def fas e greater th nab £14.8 a th interface with
the dielectric Iai}er F((?Jlgelecr:%rltc% aflerq())re[ggé%a out grgfeﬁss a out ?lfgsgogff:%en is free of brightfield

defects of a sige tgraideesttrkovicl A%d Mhedeasiibmioltdf embbeiniénesntid silicthdayer may have
less than aboui §.prighifield fefeats obs s ZRHUSAIE! AR ARAHTAS B @5 88T hangbout 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 &8t from abmihd 47 Fhangeixehent 61‘%%%mﬂa|dT@é%@ef§1ma§hBé%ﬁ&med by

conventional t@ﬁh&ﬂ%&lk@@%ﬁt@lﬁhﬁé@dﬁﬂsmﬂtﬂﬂcm& ate Butitrblyhrightfieldaied ispection tools or
darkfield inspec Pn E{)ols hav ﬁ brl flel @f r such as a LAggnc r SurfscanfSPZ wafer
inspection syst&ih Has B T use oecfg %nl%rl fser}lcf e?ecgfg © AR 6083] TRE S “Sructure formed
after cleaving thesﬂlmwrlwaferlmthheagedvﬁlpt&masmaylb@mmhsebmatbdﬁlmaﬁmﬁhglat the various

wafer interface at ate, sbsianialailardodng BRAALs AR yaleranlandgpor wafer which

are used to produce the SOI stmcture. The handle wafer may have an ROA of less than about -700

nm at the interdgeerwitketnalas eteftatgerandnbitiegaedibdvnibhesndastendrihabdiut -600 nm, less
than about -50Q. dagpiacadaié ARR BMnlass itan 2804k y 0P Medesmitian frut -250 nm or

from about -10 nm to about 7(%0 nm, from about -50 nm to_about -600 nm, from about -100 nm to
about -500 nnHGHTISHHIT 2 BARS SIS 0GR A B TS MoBLR -300 nm at the
interface with teutliefecitiallay@ding) and, as used herein, the “radius of the SOI structure” refers

to the radius of the handle wafer unless stated otherwise.

[0055] This increase in peripheral bonding in the bonded structure
allows the silicon layer and the dielectric layer to extend closer to the circumferential
edge of the handle wafer to which they are bonded in the resulting SOI structure. In
several exemplary embodiments, the resulting SOI structure includes a silicon layer
(and typically also a dielectric layer) that extends from the central axis of the handle
wafer to a point at least about 98.9% of the radius of the handle wafer and, in some
embodiments, to a point at least about 99.2% of the radius, to a point at least about

99.4% of the radius or to a point at least about 99.6% of the radius of the handle wafer



[0064] The donor and/or handle wafers used to produce the SOT structure may be obtained by slicing
the wafers from ingots formed by the Czochralski process and subjecting the wafers to further
processing. WOrAHd(a¥dd4 the wafers may be subjected to a "rough” polish d4rA/SAMSA2HSAsh.
Advantageous, meég?gs for preparing handle and gpnor wafers with relatively low ROA and with very
few brightfield cts, or with no brightfield defects, have been found. [0065] In one or more
embodiments tor 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.e., a double-side polish is performed).

Generally, the palish s iaugih's 9&&@3tb%@%ﬁ%é@%ﬁﬁﬁ%&gﬂgﬁem%éb9 watgr (e.g., donor,

handle or bulk wafer) to less than about 3.5 A to even as low as about 2.5 A or even about 2 A as

measured witf2HaIgMe 761 RABTLEBFO AL PR ateeberEre o PAls 4?5 bout 1 jun to about
100 p.m x abokdntDwirer - OF quspREeS ﬁfathsisoamcﬁtomtﬁmt@mf&@@ﬁ%@Mﬁséi&@a@pressed as the

root mean Squg out%% unle sm (e:%'(e%rﬁt?r]lxellsvfglfs%eRou(ﬂ geogglra%tw %II #J gtn removal of

about 1 itm to & i an “More typically, froma erial from the
surface of the maifert least abm[OO%} e onetg bapolisividhel 4menfifish thelishttd seibetizelow) may be

achieved by, fﬂﬁr@i@@ﬂ&@?‘ﬂ'&ﬁ'a%b%ﬁﬁ%@'%'rxﬂl%ae[%%??%(% GdhR ﬁéﬂ?ﬂ%@ys'ﬂl‘{{?"’es the

immersion of the wafer in an abrasive slurry and polishing of the wafér bg/ a polymeric pad. Through a
combination of¢HewiddPaiidertzentaborb i hesuitabewldfdyateris smoothed. Typically the

polish is performed until a chemical and thermal steady state is achieved and until the wafers have
achieved their targeted shajp®sijd %Hmmt‘&h@mghmlimmﬂmtpmtﬁaﬂﬁmdedgb@ﬂoubIe-side
polisher commer aII available from Peter W, ter €.9::,A4C2000 s r: Rends Germany),
Feiikosht (oK T B e N L TR
Chiyoda-Ku, Jepaas). @E@@K@EM@@J wHblg ﬂ%r@ﬂﬁ?@ﬁ@@@nshWéi@ﬂwéﬂlabféefmﬁﬁbsnoquest (Orlando,
Florida) and Roifrdehiaas m%ﬁﬂﬂmﬁeﬁﬁ'&%}/ Wﬂ@@&@ﬁ%&%@g?@?% %B%P&@@Y be purchased

from Rohm & Haas, Cabot (Boston, Massachusetts), Nalco (Naperville, lllinois), Bayer MaterialScience

(Leverkusen, GEFRY) SRy DR ﬁgﬂma@rﬁa@éﬁ@ﬁfﬁ@%%ﬂ alfy covered fyy P HsErough polishing
step may occueyer @bmh@ﬁﬁ@@)@@hﬁ@@aﬁaﬁ%ﬁa@a@ﬂmﬁ PRthpresswe fedirens alpeut 150 g/cm2 to

about 700 g/crg?oot\{I L2 I%ﬁ¥ flgly%gateﬁ)ef eacpg%to (gr:flurtgﬁ?ﬁt;o%t 11211%% n%%he'% ver, it should be

understood tha er po iSh tifes, pa pre ured'an W rates may be USed Without departing
from the scopevefahsayresesundistiosnbended regid©88] 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 ingjystg] caRtaeling dhe WwaHaIR withndSrsb Seaning SR in, 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



(i.e., ammonium hydroxide and hydrogen peroxide), optionally, at elevated temperatures (e.g., about
50C to about 80C). Spin cleaning includes contact with a HF solution and ozonated water and may be
performed V&l ttinlidrature. [0069] After cleaning, a second pofSRIAS e e
performed. Th S8 go?rlqé)ollshlng step is typically a firélsh polish. The finish polish reduces the surface
roughness oft e.g., handle, donor or bulk wafer) to less than about 2.0 A as measured by an
AFM at scan S|zes of about 10 pm x about 10 pm to about 100 pm x about 100 pm. The finish polish
may even reduce the surface roughness to less than about 1.5 A or less than about 1.2 A at scan

sizes of about 4Q.RMARRU AT AR AR LK AbAHKINLT GiRish Alshen emove only

about 0.5 pm or less of material from the surface layer. [0070] Suitable polishers for finish
polishing may HYtamE SR hpndesster eﬁ%@lgtté@dﬁeéecem%amﬁte%rp@m in accordance
with embodumeatatat the preeeeﬁe&gc&mmnthemaﬂwseﬂef@ﬁatynmabepetemmgamatsauede type pad (also

referred to as gne foam pad) s as IN pa fro Fu yos Japan) a
CIEGAL pad fr% |yo a (%sszgt3 ag)r 3%5?1 Br18° §Lé> oLhr6H RY rr{f ah aas M this regard, it
should be notedidhiat tmremlrpsﬁ’esaﬂwhghﬁﬁelsletﬁfchmewteﬁ; gsarefehzedatwmémm poberethane foam
pads” do not inglyde polyutethapsimpregnated polyethylene 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 solutﬂsc(}ﬂ 38 coiete i zargemé"ﬁdi HERS-JP ?—ﬁz} BEfBSRERIr Products
NanoMaterialsét eonpen Arjzonapabtt bagstickbdafierns (€.g sii<Qid)ontiGtaszax GHﬁ}(hﬁmbm Fujimi). In
some embodi ents, ixgyre of Syton-H caystic may,be u f|r step. of the finish
M& @0[% H ?han tboout ;&P ? %ﬁl &ss tham about 8% %eal tl; S

polish and Glanzox Used in a second step s regard It sho noted that tHe polyurethane
foam pad and céfuidnllsitickrsehsidond00sen forstihisrrbolisBifhnmay kksctive wxad f6rdough polishing;

however, othef,stoolypadi sl ishiiesashR serdes deush ROlsBingWikorbaeraiing from the

scope of the present disclosure. [0071] The finish polish may occur for at least about 60
seconds or evEHERSE962 DD B LEI LIS STRESIAK A SR Patk 4 a8 WM about 500 mlimin
to about 750 Wmm@)d&@mﬂ@r@ﬂﬁwtﬁgteayymgﬂlmmmtﬂﬁ glemibdogahadl1 25 g/cm2;
however, it shoul be un oodfth thotherﬁot1 imes, #) dpr gssure and S|Uég/ fPW rates may be
used without cﬁg%uartlllrltgo g%c%s QPR preeéé:n?rg%% gsure "vine 0{66]712]11 enerally, the
polishing and bkeﬁrtﬁﬁgdstef@stdésgnbedb@tbﬁelqbd@&megwmferﬁlmtﬁrmralaxtl&@ 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 um, less than alpmgojw@ﬁa%s{gﬁﬁgtlg@} ARRul PPl em@beHEed 8ynm to about -700
nm, from about -50 nm to abo %gﬁﬁ m about -100.nm to about -500 hm, from about -100 hm
10 about 400 FHUF GRS OF CEEBHOFALAS ob BedyaRrwib sty 1B IYHield defects on
their front surfadec(er@ulatmutrsngeiemdt}ﬂglnt&etdtﬂefmcitmete@aﬂzefglneat&rcthammbmesnm on the
surface of the yvafe baut 2 o about. 1 ?r les Yn.no brlghtf el eSdetects f?tf a size greater

OhlS, ?c A {
than about 6 nin ancl1 or?essrmhgn about 6 erlvé tfield de cts of a size élrlgélter than about 4.8 nm at their

front surface opdesnihn dpleciria 14@9’3%@%@@@&62"0?@\@@ AB ipkgfadididtaesadhs of a size greater

than about 4.8y} i 3heuichalge Qﬁdéﬂqﬁéﬁowm%dyﬁﬁﬁ)&ﬁ%ﬁtks%@%m’e%?é?'ﬂﬁ?rocess of the
present disclosure and the roll-off amounts and brightfield defect amounts recited herein are typically

described in riaYfothtH H’éllﬁ:‘?ﬂeb%&tfg?%‘ti iRt QbReiza Sterty BritrR st Biructure, the methods
may be used thfreducata Hidllisingi @tyetat sabe@etmfeﬁtaﬂﬂrﬁhetyvaltenm@y kescitariacterized by the
recited roll-off anltounts and. bﬁgehtfﬁ) ({%GE rd éngerta# % qﬁ% tﬁ‘, 1n‘lpo ulation of wafers

Ven 1S reate
(e.g.,a collection 6t Warers in a s ora un| suc as PcASER rs) may B provufed in which

each of the watettstle dideattetized By theqelidifi anoentbaindcamacbatsundbrigiitfieldydefects recited
above. The pom@t&%@tﬁH@)@ﬁéﬂ@éﬂﬂ%W@e?&@@?g?‘99%&Qe¥‘tﬁ£%r§b@cﬁ|§§%99tégg5 wafers, at

least about 50 wafers, at least about 100 wafers or even at least about 1000 wafers
than about 4, less than about 2 or even is free of brightficld 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



EXAMPLES EXAMPLE 1: Unbonded Width of SOI Structures with Variable ROA [0073] Six
300 mm SOT structures were prepared by bonding a handle wafer to a donor wafer with a dielectric
layer (145 nYQBIIRY18mlte surface of the donor wafer followed by cleaving BidngSa0d a8 33lane
formed within g%fg%)ﬁ?wafer. The cleave plane Wa?gformed in the donor wafer by implanting He
ionsat an energy. eV and a dose of 1 x 1016 ionsicm2 followed by implanting H2- ions at an
energy of 48 key and a dose of 5 x 1015 ions/cm2 (Quantum H Implanter (model Q843), Applied
Materials (Santa Clara, California)). Cleaving was performed by heating to 350C (A412 Furnace, ASM

(Almere, The Nesbarend=Nor have QR34 RAE PAILOT SO SHUSIUTESaSRIgRRFRg4from donor and

handle wafers each having a thickness ROA of about -800 nm Another pair was made from handle
wafers with a IS RBAHAB M 8GN i At KO WSS Hre4lBER s2ths HiHECRNother pair was
made from hangle ang dorRaewaersBaes Bagiigadtbickness ROALEabouin2B0utms All donor and/or

handle wafers that had a thickness ROA of gbout -200 tun were prepar, ?ﬁb ough polishing with a
polyurethane f%%lr%rp%?é ,838 é:\gvoeué gyf%lse%lﬁllln%)%% then Pn%%#%eoﬂghﬁ%tﬁ? (geéeo%glf’rfg]thane foam pad.
ROA was measuretciygnibencbkitA-F encartiWadenSightvAhahgsiskoftwasgeand 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 thgssiruatwadrihenaaragatbigkoass RRajis: aaekdnnaetgrmining the

distance between the reference line and a point 149 mm from the center. [0075] Figure 7
graphically illug?%gglﬁéfﬁﬁ%’&hadlgﬁ lflé%‘f’éhtmﬁefb?stﬁg Wé%&%“de%ﬁ?ﬁ‘/d %%%J\}Qeé@g hction of
thickness ROAnshsctian foelsee tafidivl dFigsiretfotheot dladiiia lbyglit6E heécEQdrwaiers made from
handle and doppLRIELs MRS Gean RRAIAPON SRR SIS B Bam A about - mm

(specifically to 0.71 mm an mm, respectiv ge of the handle €.,
"Unhanded Redgigatsvidth”) while the other SOT structures had much larger unbonded widths.

[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).



[0076] Figure 8 graphically illustrates the unbondcd region width for the wafers described above as a
function of front surface ROA and Figure 9 illustrates the unbonded region width as a function of the
second derité@d81dfifleddront surface shape (zdd). As can be seen from the?FJURR81Y&3fHt surface
ROA does not ar ‘?/% well to the unbonded Wldth d the front surface second derivative does
correlate well. ?éé 2 Comparison of Unbonde Width in SOI Structures Prepared from New
and Conventional Donor Wafers and/or Handle Wafers [0077] Four sets of 300 mm SOT
structures were prepared from the various combinations of donor and handle wafers shown below: (a)

conventional dgperAnd tﬁ@%ﬁ%‘%"‘ﬂ% SYtafe (a0 cRENinEIRR DEMEBRRUGh polish and

finish polish for donor or handle wafer); new donor wafer %b&yﬁ? lish'with a polyurethane foam

pad followed BYACES=ing Ste BautiswERUSy Ffih odreriens RENETBEAd) and

conventional havdte waes:; dedmavdandeaiesasdhansiewaie foradaibydsokaonevprocess; and (d)

new donor wafer and new handle wafer.
a? scan Sizes o about 1 um X about 1 um to about 100 um x about 100 um. For

purposes of this specification, surface roughness is expressed as the root mean square
(RMS) unless indicated otherwise. Rough polishing typically results in removal of
about 1 um to about 20 um and, more typically, from about 5 um to about 15 um of

material from the surface of the wafer.

[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



[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). I'he thickness ROA of wafer
groups (a)-(Waielgidphitally illustrated in Figure 10. The front surface RORGF/NESARYIGBHIPE (a)-(d)
are graphlcally J}IEAN{I %Flgure 11. The second der%’;\tlve of the front surface shape of wafer groups
(a)-(d) are grap ally shown in Figure 12. As can bé 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 w%fegﬁﬁfoﬁﬁw%@ﬂqecaﬁgqg&gg%a@%% Aoy e ausige thickness ROA for

the two conventional donor wafers (Group A) was about he average thickness ROA for the

six new donor \ARSFATES Frievi Bt oP WalR FE Bt éQéﬁ)pssBmél%HnB}%&?f‘ SHEHIHRe average

thickness ROAdiossheisiemhansigealiers (hamnee veafearms of G e uso R twaserdGz.nm. [0079]
Each donor and handle wafer was composed of single crystal silicon grown by the Czochralski

process. Each donor wafer Bgl9h1aqgflt%rvg§ef£ﬁﬁgag VRSB SRAL gk%}’eﬂ‘ﬁa{}% LRGESS(rough polish with

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

foam pad) did Hest tesapsindinyipeiststis|ey efdiors BrishspedidreBbsritrish redsli lreesdbRl contained 2 or

less of a size greater aNREOHE ASHIR: (c.g., hal RS each AR IwiruGty e WasRieRared by forming a
silicon oxide dleleétrlc layer on the donor wafer and bgnding the d|elefﬁctr|c layer to the handle wafer.

The donor wafsP W BIERVEF B BbAvAETER SIS RSYEE BB SRP B SR P IBYRY. Each SOI
structure was ad@lymedaboua Nikam. Nﬂmaimkh@ﬂmhahh/mmmemwlﬁemmmmﬂghmdtb of the region
in which the sTco dev ce Ig d'dlé‘s%tt Xﬁ%’ﬁgu'ﬁt??&sggaﬁtg%’cwrﬁa%d%ﬁﬂ Lo the% erh%heral edge of
the handle wa er 0 %] As can be seen from | gure 3o average the” structures using
conventional dende abrihEidlenyaferat (@0 uvadFansilicohdhgerctheexibndeatifomunercenter of the

SOT structure [QalQk 48 gmggﬁpfgpglgfggter (98.7% of the radius), the SOT structures produced
using a new donor wafer and a conventional handle wafer ((b)) had a silicon Iayer that extended from

the center of the SOT struc out 14 0 e center (99 O% f the 5 ius), the SOT
structures produced using i%gvbo dac#llg?tt\)/é/L &[5 %1{;1% a co?r}ﬁlr‘gn]n cia mgﬁ{la% tal eafvc\j/ariger ((c)) had a
silicon layer thhamsrteted 88 Freng. thé&EEHI G fitlod :SOIT Jsprarotule etocatnbucelwglmm from the center
(99.3% of the tadiyg).and heRQISIH LR ROARGRA USinds AR J8NNAe; anda new handle

wafer ((d)) had a silicon layer that extended from the center of the SOT structure to about 149.3 mm

from the centely PSPBVREPLFRECHERAGR 1o 1® ety wetbersfoparrd mesh Hohdt BEBoraddirie wafers

advantageoushy,ai$R 95s6)106pasE ITSHIGAN @@ﬁé@ﬁ@lﬁmﬁm(e@mma@wwblma for device

fabrication without.increasing the. number of brightfiel cts to nacceptable lev e.g., to an
pa (lij from Roﬁm%nd%aas In th?s regz?rg ft sg (I e note that or%urposeso t?l( g

—‘D

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.



28744-3416/6 PCT amount of 1 or more defects of a size of 6 nm or more or 3 or more brightfield
defects of a size greater than 4.8 nm). [0082] A Nikon Nomarski Optical Microscope image of a
SOI structu¥ @ 8dlided ftom a new donor wafer and new handle wafer (rouRfATpoREH VIRR%87

polyurethane f%;);g 4p?ﬂ

pad) is shownﬂ;&

igure

€

llowed by a cleaning step fgJlowed by finish polish with a polyurethane foam
The width 60 of the unhanded region 69 was 0.57 mm. A Nikon Nomarski

Optical Microscope image of a SOI structure produced from a conventional 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 unbopged| regiHARNRT:d 28T Weur for at [ORBIIVRRTQAUGING elements of

the present disclosure or the preferred embodiment(s) thereof, the articles "a", "an", "the" and "said"

are intended t6¥feahPhdPtHePen I8 birsWdindrieotire ERniatsiaeyrangs ™ aBatprighg”, “including”
and "having" akg/inie e io 138 rhisivadnd pagartbatthare-may eaesditioragelements other than

the listed elema%%tst.

methods without

epar

1251%1109 '%%4ﬁver 1t sho

As v r'ou?fiqﬁan S cogl%ge ﬁgade in the abovg apparatus and

u c1stoo
(0]

rom the’scope of t e Gisdiogtire it 15 |ﬁﬁé)ﬁgselbtilﬁ1§§’£? Mmatter contained in

the above despripsionsand showflaw theacegrbpastyingthguirdspshalg ionnteepretedbatilustrative and
hotina I'm'tm%r%%}ﬁ%isclosure.

[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.



MCSLLP 27 CLAIMS 1. A bonded silicon on insulator structure, the bonded structure comprising a
handle wafer, a donor wafer, a dielectric layer between the handle wafer and the donor wafer, the
dielectric lay¥PBeIngsatdally bonded to the handle wafer, the bonded silicR{AUTRMIASSHucture
having a centr %ﬂ%ﬁgircumferential edge and a rg?ius extending from the central axis to the
circumferentia e, wherein the bonding between the dielectric layer and the handle wafer extends
from the central axis of the bonded silicon on insulator structure to a point at least about 99.4% of the

radius of the bonded silicon on insulator structure. 2. The bonded silicon on insulator structure as
set forth in claim 1 wherein at least one of the glorgjpygfer and the handle wafer has a thickness ROA
of less than about -700 nm. 3. The bonded silicon on insulator structure as set forth in claim 1

wherein at leagh o0t pf £ JPRRLMRIPAIL BRI ARAAIRE UR3 IVRKAERBROA of less than abou

-400 nm.

[0073] Six 300 mm SOI structures were prepared by bonding a
handle wafer to a donor wafer with a diclectric layer (145 nm thick) on the surface of
the donor wafer followed by cleaving along a cleave plane formed within the donor
wafer. The cleave plane was formed in the donor wafer by implanting He' ions at an
energy of 36 keV and a dose of 1 x 10'® ions/cm? followed by implanting H," ions at
an energy of 48 keV and a dose of 5 x 10" ions/cm” (Quantum H Implanter (model
Q843), Applied Materials (Santa Clara, California)). Cleaving was performed by
heating to 350°C (A412 Furnace, ASM (Almere, The Netherlands)).

[0074] One pair of SOI structures was prepared from donor and
handle wafers each having a thickness ROA of about -800 nm. Another pair was
made from handle wafers with a thickness ROA of 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.



4. The bonded silicon on insulator structure as set forth in claim 1 wherein at least one of the donor
wafer and the handle wafer has a front surface zdd of less than about -1100 nm/mm?2. 5. The
bonded silic® @AM r structure as set forth in claim 1 wherein the diel®EtFU2)EYR3Pthe handle
wafer form an irétﬁﬂaﬁpﬁ the handle wafer having ab Ht 3 or less brightfield defects of a size greater
than about 6 Nt the Interface. 6. The bonded silicon on insulator structure as set forth in claim 1
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. 7. The bonded
silicon on insulator structurepgseet fQrhein g}gﬁméglﬁhgﬁg{&t@g@ig{ggﬁﬁ‘egp%%{oangian@fgpnor wafer

ri

form an interface, the donor wafer having 3 or less brightfield defects of a size greater than about 6 nm
at the interfaCél.le M@fgr@ Eipsgrgbed above as a function of front surface ROA and Figure 9 illustrates

the unbonded region width as a function of the second derivative of the front surface
shape (zdd). As can be seen from the Figures, the front surface ROA does not
correlate well to the unbonded width and the front surface second derivative does

correlate well.

EXAMPLE 2: Comparison of Unbonded Width in SOI Structures Prepared

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



8. The bonded silicon on insulator structure as set forth in claim 1 wherein the dielectric layer and the
donor wafer form an interface, the donor wafer having less than about 6 brightfield defects of a size
greater tharVe®a14 & Hh at the interface. 9. A bonded silicon on insuldt6T8tR3e1HE3Me bonded
structure com%s,ﬂg glﬂ,)andle wafer, a donor wafer, zasdlelectrlc layer between the handle wafer and
the donor waf e d| ectric layer being partially bonded to the donor wafer, the bonded silicon on
insulator structure havmg 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 (e ceisahiaa irRoedss sljcon of nsyiAtaRSUHRIUIR AR Ahelial least about

99.4% to about 99.9% of the radius of the bonded silicon on insulator structure. 10. The bonded

silicon on insubtht QFIRAHE BRPANRHKASTE i @SnHiaaR st fes of Gievst Brd P wafer and the

handle wafer haga thickiiesT RQAcaklessclirms BN fof O ABW handld whheshpaed silicon on insulator
structure as set fgrth | ﬁ,g]:lalm Whergéa at Ieast one of the donor wafer and the handle wafer has a

thickness ROA 811835 thanrabout ~4 12. The bonded silicon on insulator structure as set

forth in claim 9 wherein at least one of the donor wafer and the handle wafer has a front surface zdd of
less than about -1100 nm/nhPR2?]  Ead qanenssddeadivaronansemercsiictorteasyset forth in claim 9

wherein the disleeiiclaygmhanettbedtradie patesfOrR-ARMIRNALE: m@mmlem@ff@f[ahaving about 3 or
less brightfield defects of a size greater than about 6 nm at the inter 14. The bonded silicon on
insulator structFe PIEPRET M TSI RO SRHER AR 192! %ﬁ&&&ﬁ&?‘?&% W&ﬁ?@rﬂgﬁﬁle wafer form an

interface, the Hahdledaferdhaving degstohan abowufitidrightfielditiefpotgunéthasizogrepddy than about 4.8
nm at the Intercfi?cF Fot 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



MCSLLP 29 15. The bonded silicon on insulator structure as set forth in claim 9 wherein the
dielectric layer and the donor wafer form an interface, the donor wafer having 3 or less brightfield
defects of aV¥RE&Yledrthan about 6 nm at the interface. 16. The bondRdEHE¥M 183 3MELIator
structure as seztgt?ﬁt_gmgaim 9 wherein the dielectri%ayer and the donor wafer form an interface, the
donor wafer h%ﬁ'qﬂg less'than about 6 brightfield defécts of a size greater than about 4.8 nm at the
interface. . A silicon on insulator structure, the structure comprising a handle wafer, a silicon
layer, a dielectric layer between the handle wafer and the silicon layer, and an interface between the

dielectric layer,and therhapdie,waler.4hs handlsrwalarharing.a Fenial iz el piatential edge

and a radius extending from the central axis to the circumferential edge, wherein the silicon layer
extends from et cESREFURIIBNHE AEhdle 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. 18. [0H&2$ilidoNibnnifeuiraiskidhpictelrd asosetforthage cbari Q7 wherein the silicon

layer extends fromfhe, cenirah s afite AAndle Haarina RQithalinastahgubaRA%aaf the radius of

the handle wafer.
a polyurethane foam pad followed by a cleaning step followed by finish polish with a

polyurethane foam pad) is shown in Figure 5. The width 60 of the unbonded region
69 was 0.57 mm. A Nikon Nomarski Optical Microscope image of a SOI structure
produced from a conventional 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.



19. The silicon on insulator structure as set forth in claim 17 wherein the dielectric 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.
20. The silicon on insulator structure as set forth in claim 17 wherein the dielectric layer &kfSidsirom
the central axis of the handle wafer to a point at least about 99.4% of the radius of the handle wafer.
21. The silicon on insulator structure as set forth inpglaim 17 wherein the handle wafer is free of
brightfield defects of a size greater than 6 nm at the interface. MCSLLP 30 22. The silicon on
insulator structure as set forth in claim 17 wherein the handle wafer has less than about 6 brightfield
defects of a giFcAIREEEr than about 4.8 nm at the interface.

1. A bonded silicon on insulator structure, the bonded structure comprising a
handle wafer, a donor wafer, a dielectric layer between the handle wafer and the
donor wafer, the dielectric layer being partially bonded to the handle 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 handle wafer extends from the central
axis of the bonded silicon on insulator structure to a point at least about 99.4% of the

radius of the bonded silicon on insulator structure.

2. The bonded silicon on insulator structure as set forth in claim 1 wherein at
least one of the donor wafer and the handle wafer has a thickness ROA of less than

about -700 nm.

3. The bonded silicon on insulator structure as set forth in claim 1 wherein at
least one of the donor wafer and the handle wafer has a thickness ROA of less than

about -400 nm.

4. The bonded silicon on insulator structure as set forth in claim 1 wherein at
least one of the donor wafer and the handle wafer has a front surface zdd of less than

about -1100 nm/mm>.

5. The bonded silicon on insulator structure as set forth in claim 1 wherein the
dielectric 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 nm at the interface.

6. The bonded silicon on insulator structure as set forth in claim 1 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.

7. The bonded silicon on insulator structure as set forth in claim 1 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.



23. The silicon on insulator structure as set forth in claim 17 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. 24. The silicon on insulator structure as set forth in claim\ii734hdétein
the dielectric layer and the silicon layer form an interface, the silicon layer having less than about 6
brightfield defects of a size greater than about 4.8 pgn at the interface. 25. The silicon on insulator
structure as set forth in claim 17 wherein the handle wafer has a thickness ROA of less than about
-700 nm or less. 26. The silicon on insulator structure as set forth in claim 17 wherein the handle

wafer has a front sigfanie: 2 dfdelscthasnabaubtdrldsrnitnaget fortR Tn Asamicongduicioiovafer having
a central axis, a front surface and a back surface that are_generally perpendicular to the central axis, a
circumferent ??8855 J3¥AREh ?rS%P%rnH g E‘Hr?é}c‘&eéfrgﬂeatpﬁcﬂ\égoé&élﬂ iﬁ@vﬂlﬁﬁeﬁﬁe central axis to
the circumferentiab@cgebiiyd ifilie dbRvingBatkiekprsscral-ofhaouods (RQAhefilrssdtan 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 wafe b%%.dércpe semlcondu% (ng\Slgtfer ar%ﬁﬁé ft?%'@l i ctla%puge? \g/lql%reln the wafer is free

of brightfield defects of a size grs'élzlatctgrrl than 6 nm at %Ceu%ront surface of the wafer. ' 29.The
semiconductomviafets, seddonthvinfclami RTevthereiyetiretwatarthabdedk thafeadbolthe brightfield

defects of a 3'0%1%195%%?; tWea 1&?&%&:‘13@&@&@ 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
bonded silicon on insulator structure to a point at least about 99.4% to about 99.9% of

the radius of the bonded silicon on insulator structure.

10. The bonded silicon on insulator structure as set forth in claim 9 wherein at
least one of the donor wafer and the handle wafer has a thickness ROA of less than

about -700 nm.

11. The bonded silicon on insulator structure as set forth in claim 9 wherein at
least one of the donor wafer and the handle wafer has a thickness ROA of less than

about -400 nm.

12. The bonded silicon on insulator structure as set forth in claim 9 wherein at
least one of the donor wafer and the handle wafer has a front surface zdd of less than

about -1100 nm/mm>.

13. The bonded silicon on insulator structure as set forth in claim 9 wherein
the dielectric 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 nm at the interface.

14. The bonded silicon on insulator structure as set forth in claim 9 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.



30. The semiconductor wafer as set forth in claim 27 wherein the wafer is free of brightfield defects of
a size greater than about 4.8 nm. MCSLLP 31 31. The semiconductor wafer as set forth in claim
27 wherein the wafer has a thickness ROA of less than about -400 nm. 32. The semid@glickr
wafer as set forth in claim 27 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 the
distance between a reference line and a third discreet point in an edge portion of the wafer thickness
profile, the reference line extending from a first discreet point and a second discreet point on the
thickness profile. 1533 hEhwséfictiedtcioiwalabassetderts keclfaith d2cuhareiwherein

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.

16. The bonded silicon on insulator structure as set forth in claim 9 wherein
the dielectric 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.

17. A silicon on insulator structure, the structure comprising a handle wafer, a
silicon layer, a dielectric 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.

18. The silicon on insulator structure as set forth in claim 17 wherein the
silicon layer extends from the central axis of the handle wafer to a point at least about

99.4% of the radius of the handle wafer.

19. The silicon on insulator structure as set forth in claim 17 wherein the
dielectric 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.

20. The silicon on insulator structure as set forth in claim 17 wherein the
dielectric layer extends from the central axis of the handle wafer to a point at least

about 99.4% of the radius of the handle wafer.

21. The silicon on insulator structure as set forth in claim 17 wherein the

handle wafer is free of brightfield defects of a size greater than 6 nm at the interface.



the distance between the first discreet point and the central axis of the structure is about 82.7% of the
radius of the structure; the distance between the second discreet point and the central axis of the
structure is about 93.3% of the radius of the structure; and the distance between thel(r@idi$treet
point and the central axis of the structure is about 99.3% of the radius of the structure. 34. The
semiconductor wafer as set forth in claim 32 wherejo the reference line is fitted as a first order linear
line. 35. The semiconductor wafer as set forth in claim 32 wherein the reference line is fitted as a
third order polynomial. 36. The semiconductor wafer as set forth in claim 27 wherein the thickness
ROA is an average2hicknessiRaAn insuddiof bewsairdegnducsahwatesias Iset/tastiintalaim 36 wherein

the average thickness.ROA js an average of eight.thickness ROA measurements taken at eight wafer
radii g han ewafer%)as iesst an abo t(()){)rl t%leqf Ee ects o as{?e greaternghan about 2? g

nm at the interface.

23. The silicon on insulator structure as set forth in claim 17 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.

24. The silicon on insulator structure as set forth in claim 17 wherein the
dielectric layer and the silicon layer form an interface, the silicon layer having less

than about 6 brightfield defects of a size greater than about 4.8 nm at the interface.

25. The silicon on insulator structure as set forth in claim 17 wherein the

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

26. The silicon on insulator structure as set forth in claim 17 wherein the

handle wafer has a front surface zdd of less than about -1100 nm/mm?>.

27. 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.

28. The semiconductor wafer as set forth in claim 27 wherein the wafer is free

of brightfield defects of a size greater than 6 nm at the front surface of the wafer.

29. The semiconductor wafer as set forth in claim 27 wherein the wafer has

less than about 6 brightfield defects of a size greater than about 4.8 nm.

30. The semiconductor wafer as set forth in claim 27 wherein the wafer is free

of brightfield defects of a size greater than about 4.8 nm.



MCSLLP 32 38. The semiconductor wafer as set forth in claim 27 wherein the wafer has a front
surface zdd of less than about -1100 nm/mm?2. 39. The semiconductor wafer as set forth in claim
27 wherein the wafer is a handle wafer. 40. The semiconductor wafer as set forth in M@ P
wherein the wafer is a donor wafer. 41. The semiconductor wafer as set forth in claim 27 wherein
the semiconductor wafer is composed of single crystal silicon.

31. The semiconductor wafer as set forth in claim 27 wherein the wafer has a

thickness ROA of less than about -400 nm.

32. The semiconductor wafer as set forth in claim 27 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 the distance between a reference line and a
third discreet point in an edge portion of the wafer thickness profile, the reference line
extending from a first discreet point and a second discreet point on the thickness

profile .
33. The semiconductor wafer as set forth in claim 32 wherein:

the distance between the first discreet point and the central axis of the structure

1s about 82.7% of the radius of the structure;

the distance between the second discreet point and the central axis of the

structure is about 93.3% of the radius of the structure; and

the distance between the third discreet point and the central axis of the

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

34. The semiconductor wafer as set forth in claim 32 wherein the reference

line is fitted as a first order linear line.

35. The semiconductor wafer as set forth in claim 32 wherein the reference

line is fitted as a third order polynomial.

36. The semiconductor wafer as set forth in claim 27 wherein the thickness

ROA is an average thickness ROA.

37. The semiconductor wafer as set forth in claim 36 wherein the average
thickness ROA is an average of eight thickness ROA measurements taken at eight

wafer radii.



42. The semiconductor wafer as set forth in claim 27 wherein the semiconductor wafer is one wafer of
a population of 25 wafers, wherein each 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 frohtGHbiack
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 about3Z00 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. 43. The semiconductor
wafer as set forth in claim 42 wherein each wafer is free of brightfield defects of a size greater than 6

nm at the front surfage DhéhemiaidiductorMalthasseaticonductamwaierigsaetiierthaieralain 42 wherein
each wafer has less than cFo 6 brightfjeld d i ts of a sjze greater than about 4.8 nm. 45. The
semiconductSP W ArERSE Zs(g f Jt‘?f? [18 i?!?%ﬁ v(\'f ﬁﬁetf d8th-wafer is free of brightfield defects of a size
greater than about 4.8 nm. 46. The semiconductor wafer as set forth in claim 42 wherein each
wafer has a thickne¥s RD#Asefliessdhatiorabaier 400tdorth in claim 27 wherein the wafer is a

handle wafer.

40. The semiconductor wafer as set forth in claim 27 wherein the wafer is a

donor wafer.

41. The semiconductor wafer as set forth in claim 27 wherein the

semiconductor wafer is composed of single crystal silicon.

42. The semiconductor wafer as set forth in claim 27 wherein the
semiconductor wafer is one wafer of a population of 25 wafers, wherein each 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.

43. The semiconductor wafer as set forth in claim 42 wherein each wafer is

free of brightfield defects of a size greater than 6 nm at the front surface of the wafer.

44. The semiconductor wafer as set forth in claim 42 wherein each wafer has

less than about 6 brightfield defects of a size greater than about 4.8 nm.

45. The semiconductor wafer as set forth in claim 42 wherein each wafer is

free of brightfield defects of a size greater than about 4.8 nm.

46. The semiconductor wafer as set forth in claim 42 wherein each wafer has

a thickness ROA of less than about -400 nm.
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