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[0003] In addition to having at least one highly reflective surface,
semiconductor wafers for advanced applications preferably have edges that
are smooth, damage-free, and polished. Damaged edges may cause edge
slip during thermal processing of the wafer. In addition, rough or pitted edges
may trap particles that can be later released in a wet cleaning bath. The
released particles may then undesirably migrate to the surface of the wafer.
Furthermore, various films are deposited onto the wafer surface in some
applications, which may deposit at the edge of the wafer. If the edge is not
sufficiently smooth, residual film deposits at the edge may flake off. The
flakes may come into contact with the surface of the wafer thereby causing
surface defects. Conventional silicon wafer processing typically includes an
edge treatment operation (e.g., polishing or etching) to provide edges that are
sufficiently smooth.



sufficiently snmooth.[ 0004 ] Prior to edge treatnent,

silicon wafers are typically subjected to a | apping or
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flatness, followed by an etZhing operation (acidic or

caustic) to produce a wafer having desired surface

roughness. After the flattening and etching

operations, the wafers are typi caIIy subj ect ed to a
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extendlng from the peripheral edge to the flat portion of the wafer surface.
Prevention of significant contact of the etchant with the flat portion of the
wafer surface is addressed by various methods. These methods include
supporting the wafer on a chuck and directing the etchant to the edge of the
wafer surface. However, in these types of methods, it may be difficult to etch
the peripheral edge of the wafer within the contour of a wafer notch. Various
other methods involve stacking wafers together, often including gaskets
between adjacent wafers, and directing the etchant to the exposed edge
portion of the wafer. One disadvantage of these types of edge etching

operations is difficulty in separating the wafers after etching.

[0007] Recent advances in grinding technology provide flatter

wafers with improved nanotopology, and the grinding surface depth has



portion of the wafer. One di sadvantage of these types
of edge etching operations is difficulty in separating
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grinding technology providedflatter wafers with
I mproved nanot opol ogy, and the grinding surface depth
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conprises a central axis, a front surface and a back
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perpendicular to the central axis, a radius, R, extending from the central axis
to a point along the peripheral edge of the wafer, a point along the peripheral
edge of the wafer nearest the central axis, and edge portions of the front and
back surfaces of the wafer. The edge portions extend from the nearest
peripheral edge point to a point between the nearest peripheral edge point
and the central axis and no more than about 15 mm from the nearest
peripheral edge point. The method includes contacting with an etchant (i) the
peripheral edge of the wafer, (ii) the edge portion of the front surface of the

wafer, and (iii) the edge portion of the back surface of the wafer.

[0011] In various embodiments, the contacting of the wafer with
the etchant occurs prior to reducing the flatness of the wafer by more than
about 50%.



peri pheral edge of the wafer, (ii) the edge portion of

the front surface of the wafer, and (iii) the edge
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vari ous enbodi mnents, the cohtacting of the wafer with

t he etchant occurs prior to reducing the flatness of

the wafer by nore than about 50% ([ 0012 ] In other
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[0016] The present disclosure is further directed to a silicon
wafer comprising a central axis, a front surface and a back surface that are
generally perpendicular to the central axis, a radius, R, extending from the
central axis to a point along the peripheral edge, a point along the peripheral
edge nearest the central axis, edge portions of the front and back surfaces of
the wafer that extend from the nearest peripheral edge point to a point
between the nearest peripheral point and the central axis and no more than
about 15 mm from the nearest peripheral edge point, and central portions of
the front and back surfaces of the wafer that extend from the point between
the nearest peripheral point and the central axis and the central axis. The
front and back surfaces of the wafer have a total thickness variation of at least

20 microns. The central portions of the front and back surfaces of the wafer



the wafer that extend fromthe nearest peripheral edge

point to a point between the nearest peripheral point
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conprises a casing and a plurality of rollers disposed
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apparatus that comprises a casing and a plurality of rollers disposed within
the casing. Each roller includes a central axis and a plurality of annular
grooves in generally parallel alignment with the annular grooves of each

adjacent roller.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Figs. 1 and 2 are block diagrams illustrating processing

steps in traditional wafer processing;

[0020] Fig. 3 is a block diagram illustrating processing steps in a

wafer processing method of one embodiment of the present disclosure;



grooves in generally parallel alignment with the
annul ar grooves of each adjacent roller. BRI EF
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bl ock diagranms illustratingé processing steps in
traditional wafer processing; [ 0020 ] Fig. 3 is a
bl ock diagramillustrating processing steps in a wafer

processi ng net hod of one enbodi nent of the present
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wafer prior to edge etching and after edge-etching;
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[0027] Fig. 10 schematically illustrates surfaces and thicknesses

of a silicon wafer prior to edge etching and after edge-etching;

[0028] Fig. 11 is a side view of a roller of one embodiment of the

present disclosure;

[0029] Fig. 12 is an enlarged side view illustrating a groove of
the roller of Fig. 11;

[0030] Fig. 13 is an enlarged side view of a wafer edge that may
be treated by the method of the present disclosure;

[0031] Fig. 14 is an enlarged side view illustrating a wafer
engaged with the groove of Fig. 12;

[0032] Fig. 15 is an enlarged side view illustrating a wafer
engaged with a groove according to a second embodiment of the present

disclosure;



[ 0031 ] Fig. 14 is an enlarged side view illustrating

a wafer engaged with the groove of Fig. 12; [ 0032 ]
wWO2@9/124960 s an enl arged side view illustrati ngp@r/vsfoey/038975

engaged with a groove according to a second enbodi nment

of the present disclosure;[ 0033 ] Fig. 16 is an

enl arged side viewillustrating a wafer engaged wth a

groove accordi ng to a third errbodi nment of the pr esent
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or gri ng Operation (e.g., prior
to reduci ng the fIat ness of the wafer by at | east
about 50% as neasured by the GBIR nethod). [ 0039 ] In
one enbodi nent, treating an edge portion of the wafer

iMetAMOED SescaETAY a portion of the front and/or back
surface of the wafer with

[0038] The present disclosure provides a method for treatment
of an edge portion of a silicon wafer with an acidic or caustic etchant. In
accordance with the present disclosure, the edge of the wafer is etched to
remove wafer damage caused by prior treatment (e.g., edge grinding). In
particular, the method of the present disclosure involves treating the edge of
the wafer prior to any significant reduction in flatness of the wafer. For
example, in various embodiments of the present disclosure the edge etching
operation is conducted prior to a lapping or grinding operation (e.g., prior to
reducing the flatness of the wafer by at least about 50% as measured by the
GBIR method).

[0039] In one embodiment, treating an edge portion of the wafer
includes contacting a portion of the front and/or back surface of the wafer with
the caustic etchant and, in another embodiment, with an acidic etchant. It
should be noted that use of a caustic or an acidic etchant may degrade the
flatness of the wafer edge and any other portion of the wafer surface

contacted with the etchant. However, this potential negative of the edge



the caustic etchant and, in another enbodinent, wth

an acidic etchant. It should be noted that use of a
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of the wafer edge and any o% her portion of the wafer

surface contacted with the etchant. However, this

potential negative of the edgeetching operation nay be

addressed by conducting the edge etching operation
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wafer surface damage caused by edge etching is addressed by subsequent
wafer treatment. In addition, edge etching in accordance with embodiments
of the present disclosure provides advantages over prior edge treatment
methods, including edge polishing as shown in Fig. 2. Namely, as previously
noted, conventional edge polishing operations generally require multi-step
treatment of the wafer that increases wafer processing time and cost whereas
the edge etching process of embodiments of the present disclosure is simpler
and more economical than these conventional edge polishing operations. For
example, equipment and material costs of the edge etching method are
generally lower than those associated with conventional multi-stage edge

polishing operations.
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angle from about 0° to about 60°, from about 0° to about 40°, from about 0° to
about 20°, or from about 0° to about 10° with respect to a top surface of the

etchant.

. Starting Material

[0044] The processes of embodiments of the present disclosure
generally employ as a starting material a silicon wafer that has been sliced
from a single crystal silicon ingot and further processed, for example, using
conventional grinding apparatus to profile and/or chamfer the peripheral edge
of the wafer. This processing reduces the risk of wafer damage during further
processing, reduces the non-uniform damage caused by the slicing process
and roughly improves the general flatness and parallelism and flatness of the

front and back surfaces. The wafer may be sliced from the ingot using any
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d gét -|'Ig§net hods of enbodi nents of the present
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an edge portion o
disclosure comprise treating the peripheral edge and an edge portion of a

silicon wafer by removing silicon from the peripheral edge and the edge
portion of the wafer to provide a smooth edge surface. Typically, a point
along the peripheral edge of the wafer nearest the central axis is defined by a
notch. As used herein, the term "notch depth” refers to that point along the
radius toward the central axis to which an orientation notch extends. In
accordance with these embodiments, an edge portion of the wafer contacted
with the etchant is defined by the peripheral edge of the wafer and a point
between the notch depth and the central axis (e.g., a point no more than
about 15 mm from the peripheral edge, between about 1 mm and about 15
mm from the peripheral edge, or from the peripheral edge point nearest the

central axis within any of the above-noted limits).
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depth" refers to that point along the radius toward

the central axis to which an orientation notch

ext en rdance w th enbodi edge
a1 on0ar T e REPERSto e SR PR B BAEH S
dﬂéédmmdﬂ)bd Hencpallyiiptiedah ced@gs axfs X hefrovitfstrfaend aad a

n the notcr dept h and the ceqtral aX|ds
(el surlgic,s i cffoodtisra TRRe R (88 ee b giprand 2
Redius Ry @lterﬁﬁ@%froﬁ&h%éﬂtrél%&létto ) ﬂ'&ﬂt&ihdhéb@ﬂéhéﬁl
fromthe eri eral or fromt egerlpheral

$o8 wefaie @é"faf?'h%s%@ﬁlpgﬁﬁ aperigheiet ge aagd an edae portlon
aROVERNQIRDIriidH éxdends f@cQﬂ tHd p&ifherdiicdge 'b@MYt 49 nids@nedn

silicon_ wafers treated by the present nethod generally
ithe pdgr: 7 40 aépeondl PRIRG & that is morgmeas ther eapdrabaxin thag thack

CenE)I%:r%I éd(jfé"ﬁ&%lﬁff wﬁ(gl%lrﬁﬁf&tmgﬂ %Hh Zﬂ?e \yvgfe? 'ﬂﬁform a

ral ax a radius ext en |ng rom-t
c&nler and alsa@epu@e@rp'agm apashag |nerdislesr al edge of t he
waf er. The wafer also includes a peripheral edge 7 and

an ed%o@?[ ti OnrﬂelwafEerto%gt?ed%’d él's@@eﬁéu‘eﬁ&‘%ﬁd‘é%ﬂetd?e

peri phera poi nt nost near
sederiatspdi Qﬂen IOﬂ hﬂ@tchleg 9rﬁirtf¢e n@ranherai @dge ﬁ’tqféhle wfes 1.

(R T ReAPRASL AR\ ARR, Bl Ty oA ABlces on
defitetang the ppiipheradl exlgedd drredaler Aeearast teekhe dentvalesig X.
e B HoRidiP1 P6: e SAGLAL80 GRACERM ha Bldidy one _or

or orientation no e peri pheral
edgesporals to Iaqaonhxfremf the whler spe‘ai:ephﬂeadilngcﬂgm v ypoirm @lange

lurality of fl at but nerally . udes ,one poi nt
T8 R0l saPit esbn BFATHE 4 blBaeEs saLFedt
tdeeipbenl édde @ointsand. thd I@ente@lgmspc(séﬁemllylﬂheoédgerm)rtr@f er
sur.fa contacted with t chant rres ds to
SI50PS Ry 6ot oviaprE hah prsitd SRingt T Bt PREP P
aldgBoirite IrPedricRb ehfdodrAgas Rakagé pbm@n(isfz‘ﬂéﬂr%ld bXd Boihiono
a point between the nearest
more than about 12 mm, no more than about 10 mm, no more than about 8
mm, or no more than about 6 mm from the nearest peripheral edge point
(e.g., a point no more than about 5 mm, no more than about 4 mm, no more
than about 3 mm, no more than about 2 mm, or no more than about 1 mm
from the nearest peripheral edge point). The edge portion contacted with the
etchant generally includes the peripheral edge of the wafer and a portion of

the front surface and back surface of the wafer.

[0049] In these and various other embodiments, the edge
portion of the wafer surface is defined by a point between about 1 mm and
about 15 mm from the nearest peripheral edge point, between about 1 mm
and about 12 mm from the nearest peripheral edge point, or between about 1

mm and about 10 mm from the peripheral edge point. Typically, the edge



peri pheral edge point and the central axis. Generally,
the edge portion is defined by a point no nore than
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vari ous enbodi ments, the edge portion is defined by a

poi nt no nore than about 12 nm no nore than about 10

mm no nore than about 8 mm or no nore than about 6

mm from the nearest peri pheral edge point (e.g., a

t han.
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[0052] Processes of embodiments of the present disclosure are
generally conducted by immersing an edge portion of one or more wafers in a
bath, or pool of etchant. Other processes are contemplated within the scope
of this disclosure. Generally one or more wafers are positioned so that
rotation of the wafer(s) immerses them in a pool, or bath, of etchant. As
previously noted, conventional edge polishing typically involves a multi-step
operation. Process of embodiments of the present disclosure is a single-step
operation and may be easily incorporated into the overall silicon wafer
processing operation including, for example, between wafer shaping
operations (e.g., edge grinding) and caustic etching of the wafer surface as
shown in Fig. 3. Itis to be further noted that the present process provides a
further benefit with respect to process efficiency since it is amenable to

concurrent treatment of a plurality of wafers. More particularly, the present
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is to be noted that the radBal distance to which the

front surface and back surface are contacted with

etchant are generally simlar, but may vary based on

processi ng conditions and apparatus limtations. |

Pr ocesses of odi nt f the present
G mbE T atar BTG TeBR M cChogs SoRbEs 6% toagt 2. at
e@mf ?pﬁm?ﬁma@ﬁ le@sies, Gt |03 t 8, a/t@é'&lt szojt or rﬁo@aﬁéfersothr?fﬂOm
(0] e nt. er I 0OCesses e nte W (JA
ol 0o oreSerlofadtacts adtied &t s qneahe! aednhn b
\/Wefférfssataé@stms\héfbﬁsn afles&t 3N RbfefNbaldas ®vatcdhe onat rREES30
i mrerses themin a pool, or bath, of etchant. As

a&iSous! y not ed, convent i onal edge pol i shi ng
typically involves a nulti-step operation. Process of

enbodifpepts of IhleeRhesRAThert WaleSufidergs adight diliste 8icApP
dlgeratl on and may be easjly incorporated into

t he
giedigtelyiprqGesAingLr &pmsel %@”Hﬂ'%’ﬁ@?&?g%ﬁtqh h@ﬁighb
fRUsRXSER |r@|ev5’§§ﬁf‘@£nn W& ®hfe? BAQ 'h@@)s%@\fe%'{ bﬁ@ 50\5/@9 @r warp

edge gri ndi ng) caustic etching o
Sa0peby the atliegioh T Gaht Ston may ETeyaseon aPOw.5 wo tad
tel%ht 3 e HESBR ¢t ngcQWﬁ&n@’b@Mi 683irtd é{deﬁ‘qu e hidterial

respect to process ef |C|ency since It 1s
afmmﬂ wiriagee @hfbawv%m In raeathﬁéﬂmb@dlrrwnbltne wlafary upglergo a

V&f%fuB e%ld%fp%t o“t%ﬁ&\huﬁ %e étjaﬁ t® (@@%Qﬁﬁ%ﬁﬁatﬂ@é’ e

easl ed to t portions

| east 2, at |east 4, at Ieast 5, at least 6, at |east
dIl. Edge Etohing Apparatusr e waf ers. For exanpl e, the
present process may be adapted to treatnent of at

| east (3@swafer 3—7lg§t6 daﬂla§ﬂrat8%n\é@fn@do%nm@fﬁt df%ﬂ%td]gg(étchmg

vvafers at | east wafers, or at | east 50 wafers

P93Il oF Qiﬁ@ré’r%’diﬁh'érf@r usgen dhes PigsaEsasPf Aa PigRent

e Npsageto of E{rg% I
foll ogvlﬂAFengAg Er(]eé ed gt chHé %cﬁqa%ﬁ{% c‘%[ﬂ‘s?t t@(Le% dcasing
rZ5. i Wijlein tha easing %atehr@lle\vaf?érthatrmahewpmrb@ svper efrwafers

baw ng t@Be‘ﬁ?HQrs ?t %W%rglﬁ% rﬁ%gﬁ’e Jcbited il REriddHtheSt Ch

may renove from a
arrangements besides that shown in Fig. 6. For example, the etcher 20 may

include more, or less, rollers 35 than depicted in Fig. 6. In addition, the etcher
may include one continuous section of rollers around an outer edge of the
wafer 45 (e.g., rollers extending between the sections of rollers 35 shown in
Fig. 6). A driving mechanism (not shown) drives rotation of the rollers 35.

The driving mechanism may include a gear that rotates to drive each of the
rollers of the edge etching apparatus. The gear may be driven by, for

example, an electric motor.

[0055] The apparatus 20 may also include top rollers 46 within
the casing 25. The top rollers 46 help the wafer 45 to more precisely rotate

about its axis. For purposes of the present disclosure, “top rollers” includes
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doubl e-sided grind follow g the edge etch to reduce

the wafer flatness. I1l. Edge Etching Apparatus [ 0054

] Figs. 6-9 illustrate one enbodi nent of an edge

etchi ng apparatus or etcher 20 suitable for use in the
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[0057] In conventional apparatus, one must separate each wafer
after etching from a stack of wafers. This process can be labor-intensive,
difficult and time consuming. Use of the etching apparatus 20 as depicted in

Figs. 6-9 eliminates this separation step.

[0058] In one embodiment of a method of this disclosure, wafers
are added to the edge etching apparatus 20 such that the wafers are pinched
between the grooves 40 of the rollers 35. The lid 60 is closed to seat the
wafers 45 in the grooves of top rollers 46. For contact of the wafers 45 with
the etchant, the edge etching apparatus 20 may be immersed in a pool of
etchant (not shown) to cause etchant to enter the etching apparatus through

the opening 50 shown in Fig. 7. Alternatively, etchant may be introduced



[ 0056 ] Fig. 7 is a top view of the etching apparatus
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[0062] After etching, the apparatus 20 may be removed from the
pool of etchant. In embodiments, where etchant is added directly to the
casing 25, the valve in the opening 50 may be opened to cause etchant to exit
or be expelled from the casing. The lid 60 is opened and the wafers 45 may

be removed from the etching apparatus 20.

[0063] Fig. 11 depicts a roller 305 that may be used in the edge
etching apparatus as depicted in Figs. 6-9 and may also be used in various
other embodiments. The roller 305 shown in Fig. 11 includes a central axis X
and includes a plurality of annular grooves 310 about the axis X. As shown in
Fig. 11, each roller 305 includes ends 315. A side view of an end 315 is

illustrated in Fig. 17.
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310 is less than an apex width W of the wafers that the grooves are sized and
shaped to receive. As illustrated in Fig. 14, this arrangement allows the wafer
45 to become pinched within the taper of the groove which allows the wafer

45 to more precisely rotate about its axis. A more precise rotation results in a

smoother etch about the circumference of the wafer 45.

[0067] In another embodiment, the distance between the most
radially inward point 317 of the first edge 311 and the most radially inward
point 319 of the second edge 312 is less than an average thickness of the

wafer.

[0068] In one embodiment, the distance between the most
radially inward point 317 of the first edge 311 and the most radially inward
point 319 of the second edge 312 is less than 200 um. In another

embodiment, the distance is less than about 100 um and, in other



3 11 and a second annul ar edge 312. Both edges 3 11,
312 extend radially inward towards the central axis of

wao b@onpfober. As can be seen fromFig. 12, as tPer/i/52089/038975
and second annul ar edges 3111, 312 extend radially
inward, the first annul ar edge and the second annul ar
edge extend axially toward each other. The first
annul ar edge 3 11 has a nost radiaIIy inmard poi nt 317
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[0072] Referring now to Fig. 16, in one embodiment, the first
edge and the second edge intersect to form a vertex point 315”. The vertex
point 315" defines the most radially inward point of the first edge 311” and the

most radially inward point of the second edge 312”.

[0073] Fig. 18 illustrates a roller 405 that may be used in an
edge etching apparatus as depicted in Figs. 6-9 and in various other
embodiments. The roller 405 includes an end 415 that differs in design from
the end 315 of Fig. 11. The roller 405 includes grooves 410. The grooves
410 may have the same configuration as any one of the grooves illustrated in
Figs. 14-16.



enbodi nent, the distance is | ess than about 100 nm

and, in otherenbodi nents, fromabout 50 nmmto about
wWQO®9meaoer from about 50 mmto about 100 mm [POD6S20p9/038975

As illustrated in Fig. 12, 1& fl oor 333 extends between

the nost radially inward point 3 17 of the first edge

3 11 and the nost radially inward point 3 19 of the

second edge 312. The width of the floor 333 may be
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[0075] In one embodiment, the direction of rotation of the wafers

may be reversed such that the wafers are rotated in both clockwise and
counter-clockwise directions while being contacting with etchant. In one
embodiment, the wafers are rotated in a clockwise direction for about 60
seconds at a speed of about 100 rpom and in a counter-clockwise direction for
about 60 seconds at a speed of about 100 rpm.

[0076] The time for which the edge portion is immersed in the
etchant may be selected in view of, for example, the starting edge surface
roughness and/or the desired finished edge surface features. Regardless of
the particular circumstances, the peripheral edge and edge portions of the
wafer surface are generally immersed in the etchant for at least about 30
seconds, at least about 1 minute, at least about 2 minutes, at least about 3
minutes, at least about 4 minutes, or at least about 5 minutes. In accordance
with these and various other embodiments, the peripheral edge and edge

portions of the wafer are immersed in the etchant for no more than about 30



Figs. 14-1 6.[ 0074 ] The conditions of edge etching

may be selected by one skilled in the art dependi ng on
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wafers to be treated and tHe desired characteristics

of the edge-etched wafer(s)). For exanple, generally

the one or nore wafers are rotated at a rate that

prevents etchant fromflow ng i nward beyond t he edge
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(e.g., from about 40 to about 60 um of silicon), in terms of total thickness is

removed from the edge portion of the wafer surface.

[0078] In one embodiment, the peripheral edge and edge
portions of the wafer are immersed in the etchant for a time such that the
diameter of the wafer is reduced by at least about 10 ym, at least about 20
um, at least about 30 um, at least about 40 um, or at least about 50 um.
Typically, the peripheral edge and edge portions of the wafer are immersed in
the etchant for a time such that the diameter of the wafer is reduced by from
about 10 to about 100 ym, more typically from about 20 to about 90 ym and,

still more typically, from about 30 to about 80 um.
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even, at least about 90% as determined by the GBIR method. In other
embodiments, the flatness of the back surface of the wafer is reduced by the

above-noted amounts.

[0081] Also shown in Fig. 3, edge etching of the present method
is typically conducted prior to surface roughness treatment of the front and
back surfaces of the wafer (e.g., acidic or caustic etching of the entire wafer
surface). Accordingly, a portion of the front surface of edge-etched wafers
and, particularly, the portions of the wafers not contacted with etchant (i.e., a
central potion of the surfaces that extends from the most radially inward point

to which etchant contacts the wafer and the central axis), will typically exhibit
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srl]Jrfgces?rFor example, typically the surface roughness of either or both of a
front and back surface changes by no more than about 5%, no more than
about 2%, and preferably no more than about 1% (e.g., no more than about
0.5%).

[0083] Since edge etching removes edge damage, the edge
surface roughness of edge-etched wafers is less than the overall front surface
and back surface roughness. For example, the surface roughness of an edge
portion of edge-etched wafers is typically less than about 1 ym Ra, less than
about 0.5 um Ra, less than about 0.3 um Ra, less than about 0.2 ym Ra, or
less than about 0.1 um Ra. Typically, edge surface roughness of edge-
etched wafers is from about 0.05 to about 1 ym Ra, from about 0.1 to about

0.6 um Ra, or from about 0.2 to about 0.5 um Ra.
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V. Acidic Etchant

[0087] Acidic etchants suitable for edge etching in accordance
with the present disclosure include those generally known in the art including,
for example, those described in U.S. Patent Nos. 3,964,957; 5,340,437;
5,211,794; 4,388,140; 5,236,548; 5,246,528; 4,971,645; 4,251,317;
4,849,701; 6,294,469; 5,233,218; 6,482,749; 6,046,117, the entire contents of
which are incorporated herein by reference for all relevant purposes.
Generally, the acidic etchant is in the form of an aqueous solution comprising
a source of hydrogen ions. The source of hydrogen ions may be selected
from the group consisting of hydrofluoric acid, nitric acid, phosphoric acid,

acetic acid, sulfuric acid, hydrochloric acid, citric acid, oxalic acid, propionic



di scl osure generally has little, if any effect on the
roughness of these surfaces. For exanple, typically

wao b@gewob@ce roughness of either or both of a PeDOS208916B8975
back surface changes by no28ore than about 5% no nore
t han about 2% and preferably no nore than about 1%
(e.g., no nore than about 0.5%. [ 0083 ] Since edge
et chi ng renoves edge danmage, the edge surface
roughness of . ed et.che is less. than the
SR DR nic" e AR R otk i fetadabicb g s Srosegf
eyargyen, |%rtsl3e pﬁeureham&hé @t@bﬁﬁ@t&a afno@ﬁtr@tdgﬁoh f@glreteiso?b@ﬁ 40

e et che t ess I han about

Rl e Dl aplseet epost Bhits, SiL ST WaRaLGRIFoY BEOA0
Rﬂ% érﬂﬁ%vénmr@twdaug) 2 658t BBout0 Wies fe.§.naneavraboudsd

pi cal | edge surface roughness of edgeetched

. T
\Mﬁ%r%a éaﬁ'%ug%%% °). 05 to about 1 nm Ra, from about
0.1 to about 0.6 nMm Ra, or from about 0.2 to about 0.5

mm Ra.po0884 ] IhNaM@ﬁé SvBo@meat, RMMEdic afdhant @igRts
et chi ngﬁ is conpl ete, g%cal ld%( the total thickness
\BERPRIHE bﬁfW?tqﬁadéfm?% Obivdrerendage- By \a@hieHs RHeEr i s

reehEeRAelts; B ackic &Ehélﬂ'c@&p%eé @nﬁ’epbﬂrﬁhbré SJdiRRS didHRywith

about 3 mcrons, |ess _than about m crons, or |ess
tth%ﬁo%%l@f hledrﬁg%*‘r ©AS- [:00@%“9'9 Iihg aC'ﬁEP EP"P'P%@W%& @¥npyise a

frebaR0S IRl anhgg%peéomlsnag BRI i Ni ti al

ness |ne front” surface 205 and a back
g‘upm&ylsm_fgnatvwe ar NmacT% £¥W0).mdtegsdema not ch 215

e s oL e SN C ol SRt

\@&ice and gofatratiovatherealOM wrivus mmgdmemamc eéz@laoh

|

R SRR L PR B PR Ele R B D (6. “BREheE

a;wdaatapnsﬁme)tmnefadtiheeformhhersaddﬂlaes a@0ibcladed atbk etchant,

6 L Qeficd g br Ao Rbir <o dTaV kg idts g a2l at east

etoat @00 headtyprgilpat I2ast abbat 0.002:H umesmare Bbichiy ab @ach
pa%%u (9.803:1. For example, in various embodiments the volumetric ratio of
additive to source of hydrogen ions is from about 0.001 to about 1:1, from
about 0.002:1 to about 0.5:1, or from about 0.003:1 to about 0.25:1.

VL. Caustic Etchant

[0089] Caustic etchants suitable for edge etching in accordance
with the present disclosure include those generally known in the art including,
for example, those described in U.S. Patent Nos. 7,323,421; 6,110,839;
6,383,060; and 6,503,363, the entire contents of which are incorporated
herein by reference for all relevant purposes. Generally, the caustic etchant is
in the form of an aqueous solution comprising a source of hydroxide ions.

The source of hydroxide ions generally comprises an alkali metal hydroxide
selected from the group consisting of sodium hydroxide, potassium hydroxide,

tetramethyl ammonium hydroxide, and combinations thereof.
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Uil o g SREeE D B IR B s B The bfag moppons
peerp demerseGanarpmlol §f 3Gthal efcaciic eehahiram tre following f or m

Tonre FEPEIINOR B Rl adBhHTee R bLod ead BEFFHER,
tWwteogr oup consi sting of hydrofluoric acid, nitric
aci d, phosphoric acid, acetic acid, sulfuric acid,

o opi anP eabi . e ot cBleRie AR i pgggporton
tdf @rveaférs werpietatleldywith the esiga iportiodfextyrdieddem thenwarast
' tchant, at a. ConFYngsr ati_on at

present in the f | east
RSBRECT AL RORP & RAPH PRI PYTAEY A ST J58L Meabag T,
szieiribher@m}digef ?/cmhtc ah khe @écohegﬁrﬁ 8&@@&’670 vf;i?e wtdredndth th @dge
nore typic , at, | east a t w%(e.qg., at | east
bt ieriding g Daipt apex By e SO T hinsas Aeripheral
\GIgb Qemtenbodi nents, the acidic etchant consists
essentially of water and the source of hydrogen ions.

I n variogus. oth enbodi nent s, .t acidic etc t
Lo 288 poe e e e, L g e hores A0 Sesgnds
Qﬁitﬁ%_ﬁh‘ti@@ eEvdrod SfteF 050 sxmak e Siliche rého el kd ardGray
conprise a surfactant selected fromthe

CHrTBRISE (neProparisrieh AR AR IBaPIgY It and @ﬁ%ﬁr %léﬁiégb‘("?s
NMpYESArhak AP, potassi um

[0093] The etch time of the second, 8 wafer run was 360
seconds, with rotation reversal after an etch time of 150 seconds. Silicon

removal, based on OGP diameter, was also approximately 30 pm.

[0094] Both runs were conducted at a wafer spin speed of from
25 to 30 rpm.
[0095] At the end of each etching cycle, the tank containing the

pool of etchant was emptied and the wafers were rinsed with a spray of water
for approximately 2 minutes to remove residual acid. The rinsed wafers were
removed from the tank and dried. Wafers were then ground, double-sided

polished, edge polished and evaluated for edge quality.



per fl uor ooct anesul f onat e, dodecyl benzene sul fonic
acid, alkyl aryl sulfonic acid, and conbi nati ons
w0 bapapfoso | N vari ous enbodi nents the aci di c et PCTHOS2000§38975
conprise a fluorochem cal g&rfactant (e.g., Fluorad(r)
FC-95). Wether a surfactant is the |one additive, or
ot her additives are included in the etchant, the
volunetric ratio of additive to source of hydrogen
|ons [ er al ast about 0oL : 1 t ypi cal
eiTp98bout. ascelSi Rty e roupfisidyed
aﬂ@mﬁarébl@ﬂﬁsténdarﬁ(pﬁocﬁ)oanﬁﬂ@e mieAs\rafictssweedittheriskiual
t e volunetric ratio of additive to source of hydrogen
%s from about 0.001 to about 1: 1 , from about
0.002.1 to about 0.5:1 , or fromabout 0.003:1 to
about 0.25:1 . V. Caustic Etchant [ 0089 | Caustic
etchants suitable for edge etchlng in accordance with

LEtEhm@atent Nos. 7, 323,421 6,1 10 839 6, 383, 060;
and 6,503,363, the entire contents of which are

i ncor d h
pur po‘s@@% Eene%q%l rﬂmb\x%frg% Q%E\{vg% eLﬁ frl?an% sm§|e cr%}él silicon
fimgan Nteaad@qgmmmg $iad eld!geomnrnmmoﬁ the nafexs seve etched

oxi de i on Th urc ro | e ions generally
R4 o8 8aa? ne PR St et B Cected from the
group consisting of SOdI um hydr OXI de pot assi um
hydr oXxiodesg ]t et ridreewfers wenemplitintdy trsb grodip, of @Advafers and a

ORGP bhegs, EEAE A i LR
mthX BeedFamh fd? 130 comisnardicethe sseored gtotibathsuidddel plisiged

tcher of the type shown in Figs. 6-9. The
3%@ %Qﬂ“g Pons were i mersed in a pool of 300 m of

acidic etchant fromthe followi ng mxture: 2.4 | of
HNGB (699w . A thirdigrodp FSPORAwWaTRDs was At feord aGsirngle wabdr
uns r out ,_one

%dﬁgﬁegﬁ%ggég%ﬁgépb @E\cqnedge pollé/#nge(l':%ag{)b ?(d SpeedFam).

The edge polish was a conventional 13 seconds in length.

[00100] The edge etched wafers were then combined and
double-sided polished. The wafers of the third group were also double-sided
polished (AC-2000-P2, PeterWolters). The cassettes of all batches of wafers
were combined and a finish polish was performed (LapMaster). The double-
sided polish removed approximately 15 ym of material from the wafer

surfaces.

[00101] The average diameter (OGP) of the edge etched wafers
was 299.9946 mm after finish polishing and the average diameter (OGP) of
the wafers that were not edge etched was 300.0211 mm after finish polishing.
This corresponds to a 13.5 ym reduction in material from the wafer edge for

edge etched wafers relative to edge polished wafers.



of 7 wafers were etched with the edge portion extended
fromthe nearest peripheral edge point to a point
wapproxioset ely 8.5 nm from the nearest peri pher@l/usmg®038975

point. In the second run 82%afers were etched with the
edge portion extending to a point approximtely 8. 5 mm
fromthe nearest peripheral edge point. [ 0092 ] The

etch time of the first, 7 wafer run was 300 seconds,

with rotation reversal after 150 seconds. Silicon
renmoval , based on OGP dianeter (a conparison of wafer

di anmeter prior to and after etching) was approxi mately

Hxample B: K16®8s$ Cohwaesaribétivaen dafesethaewenedandvevefret
rﬁg vkglei égg seconds, with rotation reversal after an

f 150 seconds. Silicon renpval, based on
OGP di aneter, was al so approximately 30 nm [ 0094 ]
Bot h rfaAs09kr e clowediattess odtheathvess leatclses of vssafemsobfcﬁxafnpdnﬂ

& B atThnkoR R SIS R TR et R ATSES
gojishiegl ?&hlelretslmﬁswaa‘ehcﬁvn/\»erTeabre hbeldwwl th a spray of
wat er for approxi rrately 2 mnutes to rem)ve resi dual

e S Sadlfl § ASIIREER Vb OM TRl SRR MR
C TGO T ULIIU, \¥ | I C QI \.IC |JU LILAA %]

edge poI [ sﬁweg and eyal lsjbastved for egféée qgual i|ty. [ 690856 ]

Edegs iad i1t %) as NeEasusRd by Chapyan rouginess was

c : I-Len:%n-t%

s n\pAChFd ?C}: resid IFI| r-lrmr Fyr-lrml e 2: 370

rﬁ"ﬁ?ﬁ? gﬂ‘? ei} edlﬂ %Chﬁﬁtﬁfafﬁis 2B et $ihed pRlRE Y dpple-
édjgep T ()] ? 300 mMm wafers (75) were cut from

eesé"dryf%rﬁlTaﬁleH Ce?ige eﬂ?fﬂg dlé\an‘?él Pnﬂ Qrde de.g(he

e ge portions of ers were 1 Zi ng
aﬂatrwge)féwsheollmdwensype shown in F| gs. 6 9.

Example 4: Edge Quality Comparison between Wafers that were and were
not Edge Polished

[00103] The edge quality of the wafers was then tested on a
Raytex edge inspection system (Raytex-300) the system outputs were

averaged for each group. The results of the analysis are shown in Table 2

below.
Average DC Average AC
Non-Edge Etched (13 sec) 488.3 145.3
Edge Etched (11 sec) 492.2 133.6
Edge Etched (8 sec) 491.7 130.1

Table 2: Raytex measurements for edge etched and non-edge etched wafers after finish
polishing

As can be seen from Table 2, the DC output (which is indicative of the amount

of pits/chips/bumps) was only slightly worse for etched wafers and the AC



[ 0098 ] The wafers were split into a first group of
39 wafers and a second group of 36 wafers. The first

w@e@ap2460 waf ers was edge polished (EP- 300- X, PCT/US2009/038975

SpeedFan) for 11 seconds and@d the second group was edge
polished for 8 seconds. [ 0099 | Athird group (75) of
waf ers was cut froma single wafer and subjected to

edge gri ndi ng and edge pol i shing (EP-300-X, SpeedFam.

. I
i SR8 5135 e GERETE oF RGeS EEE Rt e
Q@tt‘erth@d n@ncbc@@lgﬁ&r@dsmferi pol i shed. The wafers of the
third group were al so doubl e-si ded pol i shed

bat chdd 1ot *hat ordeice Caufae SARTEPE Miedioduminss ov

wAsasuehf tiemughhegsNhsiser Jf a Geprasruploier d®he pmlghsbss was

renoved, a nm of material fromthe wafer

ST e S eont bl o el B e eCRR9E. oFS he

edgshriss el niedseFsd Wﬁwra@ﬁlaﬂﬁ§ﬁom@a@ﬁttﬁtcﬁ atrfb@rfpomts per
pol I shi ngotand t he average di anete the wafers

t"l‘?&?r ReR HORRT 18@"%{%@@&*‘@3?*‘35@%&&“? \@ﬁﬁeéher@everaged.
firai rebg sk Thedddrenldits f(FQ;S’ BhE RV e lsRoRn I TALIET.

reduct| on in material fromthe wafer edge for edge

ched wafers rel ative fn edae nol i shed \nf nrc Examl e

Bevel ] Front “Back Bevg] - | Back Be Ao RMS
Fl at ness | GONDAT i|soB Dot waeh Naf Brs hateowese At
ere not Edgeéevdet)i gireceop 00202e)] Therafe atiness of | t he
oeBlgdBhaengs.oDf wafker s of| xanpl €62 was [dedser m nedt by
ofH*GBI R, $BI R and SFQR net hods after filnish
1+ bt e s rocitl + o e Al oAy n_ Tkl A 1 bal ~Alng
dzlqeﬁéheu'u- 138 T ESYgLR af S oW1 fizg T AT §g550€T Oz 59
ablse) 1. Fl at ness data for| edge etched wafers and
o&ugee@t@e @et dred waflens af t|er7e doubl ewi ded [poloi shi nggand
$iYsh polishing Ad can hel seen from Tablle 1, edg

Jebin ity aaf BMRGedesPephngsh foardge piebrsgraiateand he- ?qgaeﬁe@s'va&rs

fini | i
As caS OeenS oerrq T\g%re § edge etching does not significantly increase the

_":J—|'OU""S_(A_)(D

roughness of the edge of the wafer.

[00105] The present disclosure is not limited to the above
embodiments and can be variously modified. The above description of the
embodiments, including the Examples, is intended only to acquaint others
skilled in the art with the disclosure, its principles, and its practical application
so that others skilled in the art may adapt and apply the disclosure in its
numerous forms, as may be best suited to the requirements of a particular

use.

[00106] With reference to the use of the word(s) comprise or
comprises or comprising in this entire specification (including the claims
below), unless the context requires otherwise, those words are used on the
basis and clear understanding that they are to be interpreted inclusively,
rather than exclusively, and applicants intend each of those words to be so

interpreted in construing this entire specification.



Exanpl e 4: Edge Quality Conparison between Wafers that

were and were not Edge Polished [ 00103] The edge
w@eabiz4pe®f the wafers was then tested on a RapCEKSHAYE38975

i nspection system (Rayt ex- 380) the system out puts were

averaged for each group. The results of the analysis

are shown in Table 2 below. Table 2 : Raytex

nmeasurenents for edge etched and non-edge etched

waf er f finj,sh | i,shi ng, As can. be seen, from

Tabr o 18810 EL Wi Biortihg Biererfiatt B ensispbure or
?I‘i@ Qﬂibodﬁndﬂit@f;ik@kécw,stgb;aﬂmé: '\A\a,ts'aﬁ'? |"nf}‘1eS lahaél'ﬁdid" aﬁﬁirgended

or etched wafers an e ut pu or_ edge efched .

Vameas tE?ﬂB?r@a%rP\S"@e&F more HBEBC‘%W@U?‘F%C Er hejt i”%'%COWQES'”g ;
bﬁkh@jrngt' hag "Whge'%@ irfdérideado wafied Ssivd a&@ﬁ%n]thélim@er@dﬂ@
%gglty of the wafers was then determ ned by neasuring
t

Jdiegrheiedentp qiker then HedisigshRlfmEPtSt i | er . The
roughness was neasured across the front bevel, back

bevel raodoapex ah viheofalgabovd)& wibuekBes thavese seasalr ed
on three wafers fromeach batch at four points per

eRiests eidhe disciosyie e aphieygd apd ofsr adypia Hestise
rfgilets were then averaged. The roughness neasurenents
(Ra and RVS) are shown in Table 3. Table 3: Ra and RMS
edge roughness for edge etched wafers and non-edge
etched wafers As can be seen from Table 3, edge

et chi ng does not significantly increase the roughness
of the edge of the wafer. [ 00105] The present

di sclosure is not limted to the above enbodi nents and
can be variously nodified. The above description of

t he enbodi nents, including the Exanples, is intended
only to acquaint others skilled in the art with the

di scl osure, its principles, and its practica
application so that others skilled in the art may
adapt and apply the disclosure in its nunerous fornms,
as may be best suited to the requirenents of a
particul ar



use. [ 0010 6] Wth reference to the use of the
wor d(s) conprise or conprises or conprising in this
weniovnstospeci fi cation (including the clains bePOIs$2009/038975

unl ess the context requireg9otherw se, those words are

used on the basis and cl ear understandi ng that they

are to be interpreted inclusively, rather than

exclusively, and applicants intend each of those words
eted in construing this entire

\@Qg?léggfggﬁif 0107 ] When introduci ng el enents of

the present disclosure or the enbodi nent(s) thereof,

t he arti cl Asnétadq fdraerhovihg bilitorafrdm' "ssurticeaf a silicbe mcéat,

t t hat. th h
e WBRY cbBlishaE @rfiFaft s niahiEes bnd 9 Bagk FERedpa
iané gld@dlly peripendmmlaum tﬁe cantﬁblm&ﬂatpb&phérgleécfgenaya@as [R,
on errent ther t n t St enments.
S o TSPt £Rls p o081 BlohOpd pSteCd Sa08 A he
seafer, al poijafstigsth@ befifteerall soge @F theewafet nagleseme deaftd axis,
ot her advant ageous, resul ts attai ned. WHAT | S CLAI MED

|1agd eﬂgeﬁoﬁt&”ﬁ&(ﬁ thegfrontene\nert sufaqes s the wates thal eriged figm

ahé hbareepempheral eHJj@ pmf &a S&Hﬂ!ﬁétﬁ/bérﬁl tHd ﬁ@?&t@ienaﬁm
front surface and a back surface that are gfenera

SelopERiNt 801 e e tiehaxis eng ngimerRitaan aberibpHENTEM dfge,
el Hémpf%raleégg%%'nﬂgchfern?éfh&lj"@orﬁ Mif@l axis to a

poi nt along the peripheral edge of the wafer, a point

al ong the peripheral edge of the wafer near est t he
cent r PNAKNNG wWidhan QH@Q”%&H{‘? sRdPsrakasdgeraf di wales (baiER

gk %ﬁﬁ)n(gf thdBoN@fpact BRtheSYdrEM gnfi [tk ré%ﬁ@ PBFtRBLOf the

peri pheral edge point to a point between the nearest

peck sHeach ofdag wapsi whergindthe eriplkeral edgeandsthg ©daa HOrNS
e ARl E@@ b driRe %?@E&ﬁéctee wutﬂhﬁé 8 cﬁgg%?rlor to

poi nt, the net conprising: contacting

deduning theiflatnese opéhe fpord rsarfa@jgfethewafeféoywaor@rtharq abgutt he
portion of the front surface of the wafer, and

(|||) t he edge portion of the back surface of the

waf er, wherein the peripheral edge and the edge
porti 8ns A method for removing silicon from a surface of a silicon wafer,

the wafer comprising a central axis, a front surface and a back surface that
are generally perpendicular to the central axis, a peripheral edge, a radius, R,
extending from the central axis to a point along the peripheral edge of the
wafer, a point along the peripheral edge of the wafer nearest the central axis,
and edge portions of the front and back surfaces of the wafer that extend from
the nearest peripheral edge point to a point between the nearest peripheral
edge point and the central axis and no more than about 15 mm from the

nearest peripheral edge point, the method comprising:

contacting with an etchant (i) the peripheral edge of the wafer, (ii) the
edge portion of the front surface of the wafer, and (iii) the edge portion of the

back surface of the wafer, wherein the wafer has a total thickness variation on



of the front surface and back surface are contacted
wWth the etchant prior to reducing the flatness of the
wo e@at2e00 f ace of the wafer by nore than about PGD¥$2089/038975
A nethod for renoving siliéén froma surface of a
silicon wafer, the wafer conprising a central axis, a
front surface and a back surface that are generally
perpendi cul ar to the central axis, a peripheral edge
radius, R tendin e central axis
ok REneiae ohega phdran S St ol 4F 58 poi e
aoatxgtibdie peri pheral edge of the waf er nearest the
central axis, and edge portions of the front and back

surfaces Léﬂ%ﬁ fer that extepnd fro he neﬂrest

per i pher al rﬁ?m%”%s 67"hY oDt ©{0h &8 SHiggp wfer.

plea; ivafeercampeigigg apseinival @il d fhentcarfhcabnda baclksarfave that e
han abopt

15 f t h dge ..
S Rerora oD R B O SoREA ion e Beriphy S gdas: gasdius, R
Qixﬁdmimg ftan thd€erieN biabes alpordapngfthd peripwtfiledgéiof Jhet he
portion of the front surface of the wafer,

and
%?') RPNt RN the PETIRIIEralredoRe T e wasn peaicst be CPHE'\a' axis,

%G%dge%ﬁfo@l‘s"bf terrdRian vaer s@rfééetsfdf tﬁé"\lrvﬁféﬂﬂﬁa‘i extend from
variation onthe front surface of the wafer of |east

dro0earest pRrohers efge Beint b apiat kywear therparest parinkemrbd
fédgge p%m?‘éhﬁ %ébédtr%@ﬁxu& BREN8 rﬁé’r%ftﬁé:r?alf)’duta\ 5Shi PR the

fer conprising a central axis, a front
g@ﬁfeﬁééewrd asgeooFir tha deethpheorapisiggner al | y

perpendi cular to the central axis, a peripheral edge,

a rad byﬁtacﬂ%g \ﬁem §RetdRanf fafe beﬁpﬁ‘e&altéo@le AHSwherJii) the
poi nt al oncg erlrfphera g waf er, a pol nt
a q

eclsrporties qléhs fpersraee ghthewatee Oneibr hhgsoe oG he
Gk Saia fsth %%reﬂg?edﬁ/gfredd?ﬂ?g %’ﬁ ed%@ efch8d vafdtdahpck

surfaces o e wafer t ext en e near est
peri pheral edge poi nt to a point betvveen t he near est

per i pFRIUgINodhg éotaﬁhwknwamﬁtéora:@fﬁhe &dgenetchedpferdtonesse
ttﬁ%ﬂa@&ﬂ%tmn%ﬁ)rﬁmdf romthe nearest peripheral edge

poi nt, the net conpri Si ng contacting with an

et chant (q_the peri pher al e of the wafer, (ii) the
4. he method of any one of claims 1 to 3 wherein the edgé

portions of the front and back surfaces of the wafer extend from the nearest
peripheral edge point to a point no more than about 10 mm from the nearest

peripheral edge point.

5. The method of any one of claims 1 to 3 wherein the edge
portions of the front and back surfaces of the wafer extend from the nearest
peripheral edge point to a point no more than about 4 mm from the nearest

peripheral edge point.

6. The method of any one of claims 1 to 3 wherein the edge
portions of the front and back surfaces of the wafer extend from the nearest
peripheral edge point to a point no more than about 1 mm from the nearest

peripheral edge point.



edge portion of the front surface of the wafer, and

(iii1) the edge portion of the back surface of the
waowedoen24o6ther eby produci ng an edge- et ched waf er PCEHIS2009/038975

reducing the total thickness variation of the

edge-etched wafer to |l ess than about 3 mcrons. 4. The

nmet hod of any one of clains 1 to 3 wherein the edge

portions of the front and back surfaces of the wafer

O e, OGRS R Fh  SHE RS BBt

pes ek icapeidiag aasintral axs, aﬂ’f@wtlmtfb@éjami adayk Qmﬁad@fthat
clainme 1. to 3 wh erelphhe ed rtlons o(ﬁc{hefr
&6 98 RIs perPsRAsUIBE (o the CRRY raX t’ﬂ‘é’ﬁ&lp??ré Fredfd P%ﬁ

Rtd iRy frdm estoeeri@l Bkis t®a @o@@bl@hgﬂh”e B@rfpﬂwefrél%@gélwme 4
mm from t he nearest peri pheral poi nt . The

Mo d ROt 2IRnddhe pefihargligdge of the ‘B’afﬁﬁ Bpaest t@ﬁé?e@B]@'eaX'S

%Htéogﬁﬁ)oﬂfon"shﬁ tHe Rt 2AB Cﬂ)a@@%ﬁrfééérsf(ﬁ%wgﬂcer e ewah8from
exte fromthe nearest Perl pher al point to a

fbe Rearest pasiPBerah adgapeint to1a ﬁﬂmtb@wee%%%we@tpenpheral
Fé%l b%ﬁ{t%h?%’é}@e o] Bilsgndﬁe{Wéep’\%ofuPﬁ rﬁrﬁ%?&'a%uﬁé PN

ma surface of a silicon wafer, the
dmmmﬂwesnaage% peapheral edgei pointathermethod gemadsingnd a back
surface that are generally perpendicular to the

centr gbntééﬂ.rfg with Eﬁbtdﬂaﬁ{ @ th@%lﬁphe?alf@)g;'el{ﬁthﬁvafer (i) the

exten |ng romthe central axis to a point alon

(esigk peeionl of dery Bortfsuriaee watherwafer. pofl i) the @dge tieion of the
8kggﬁg(§ej quqgg,a&fr the wafer nearest the central axis,
an

ge portions of the front and back surfaces of
the wafer that extend fromthe nearest peripheral edge

poi nt 8t o alp@Methaskaf\aiaim 7 weergisethe £09p eprtipns chthedmye

I {
PR SRR, R ler e e B S P
tthe peintipetivesonpming and abewrittaom fram wWhe hearastatetipbenal ¢dlge
B}gﬁ}tperi pheral edge of the wafer, (ii) the edge

rtion of the front surface of the wafer, and (iii)

the edge portion of the
9. The method of claim 7 wherein the edge portions of the front

and back surfaces of the wafer extend from the nearest peripheral edge point
to a point between 1 mm and about 4 mm from the nearest peripheral edge

point.

10.  The method of any one of claims 2 to 9 wherein said contacting
occurs prior to reducing the flatness of the front and back surface of the wafer

by more than about 50%.

11.  The method of any one of claims 2 to 9 wherein said contacting
occurs prior to reducing the flatness of the front and back surfaces of the

wafer by more than about 70%.

12.  The method of any of claims 1 to 11 wherein R is at least about
150 mm.



back surface of the wafer. 8. The nethod of claim?7

wherein the edge portions of the front and back
waobazwso of the wafer extend fromthe near estPCT/US2009/038975

peri pheral edge point to a3point between 1 mm and

about 10 mm from the nearest peripheral edge point. 9.

The nmethod of claim7 wherein the edge portions of the

front and back surfaces of the wafer extend fromthe

and aout RO TORS PeaPesd Yl MRE e B be

Had fFam aﬁ@bb@dedlje GoTio N6 thé \A@lféileﬁ’fé cénthotel withetheiefthant
a &actlpg occurs prior to reducing the flatness
”9 Rnvaighd back surface of the wafer by nore
than about 50% 11. The nethod of any one of clains 2
to 9 wher eTine saiibocaitiadt inghareidiths waiféras rdtateti @t u catedf

the flatn of the front and back surfaces of the
et PRSPt PRI The et hod of any of
claine 1 to 11 wherein Ris at | east about 150 mm 13.
The mabhodTled mathododf ably @newf tlaims 120 wWherherein theeperipheral

h I k._ed
e BB o Bl St i P e e o P g
tdmah@f(ﬁfat lebdt abidie 1meihbed of claim 13 wherein the
wafer is rotated at a rate of at | east about 10

r evol i on te t hod ,,of .
e olfb T et o Py bRk it 1075 R R ipRitbn ot
fth@wtaf@ﬁgrdvaﬁéﬁd&d 98u$mﬂrr]1blv¢a1$r tOfbetrbltht@mfn&foélaealockmse and
cont act Wt the e t (0] east out
PHBE clo st falefish bl B nerphaRLofde s fiagt ndbacksdge
\WaeticPisbf thews et atd euht&dted Mh\tm‘@tbhar&. reversed to cause
the wafer to be rotated in both a cl ockwi se and

17.  The method of any one of claims 1 to 16 wherein the peripheral
edge and front and back edge portions of the wafer are contacted with the
etchant for a time such that at least about 10 um, in terms of total thickness, is

removed from the front and back edge portions of the wafer.

18.  The method of any one of claims 1 to 16 wherein the peripheral
edge and front and back edge portions of the wafer are contacted with the
etchant for a time such that the diameter of the wafer is reduced by at least

about 10 pm.

19.  The method of any of claims 1 to 18 wherein peripheral edges
and edge portions of a plurality of wafers are concurrently contacted with the

etchant.

20. The method of any one of claims 1 to 19 wherein the etchant is
an acidic etchant in the form of an aqueous solution comprising a source of

hydrogen ions.



counter-clockwi se rotation while the peripheral edge

and front and back edge portions of the wafer are
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of clainms 1 to 16 wherein t3Be peripheral edge and

front and back edge portions of the wafer are
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tetramethyl ammonium hydroxide, and combinations thereof.

26. The method of any one of claims 1 to 25 further comprising
contacting the front surface of the wafer with a caustic etchant to relieve

stress in the wafer.

27. The method of claim 26 wherein the caustic etchant removes from

about 0.5 ym to about 2 um of material from the surface of the wafer.

28. The method of any one of claims 1 to 27 comprising grinding the
front surface and back surface of the edge-etched wafers to reduce the

flatness of the wafer.

29. A method for removing silicon from a surface of a silicon wafer,
the wafer comprising a central axis, a front surface and a back surface that

are generally perpendicular to the central axis, a peripheral edge, a radius, R,



a caustic etchant in the formof an aqueous sol ution

conprising a source of hydroxide ions. 25. The nethod
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selected fromthe group condi sting of sodium

hydr oxi de, potassi um hydroxi de, tetranethyl ammonium
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polishing the peripheral edge of the edge-etched wafer.

30.  Asilicon wafer comprising a central axis, a front surface and a
back surface that are generally perpendicular to the central axis, a radius, R,
extending from the central axis to a point along the peripheral edge, a point
along the peripheral edge nearest the central axis, edge portions of the front
and back surfaces of the wafer that extend from the nearest peripheral edge
point to a point between the nearest peripheral point and the central axis and
no more than about 15 mm from the nearest peripheral edge point, and
central portions of the front and back surfaces of the wafer that extend from
the point between the nearest peripheral point and the central axis and the

central axis; wherein:

the front and back surfaces of the wafer have a total thickness variation

of at least 20 microns;



edge-etched wafer with a caustic etchant in the form
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the central portions of the front and back surfaces of the wafer have a

surface roughness of at least about 0.3 ym Ra; and

the edge portions of the front and back surfaces of the wafer have a

surface roughness of less than about 0.2 um Ra.

32. The silicon wafer of claim 30 or 31 wherein the front and back
surfaces of the wafer have a total thickness variation of at least about 25

microns.

33. The silicon wafer of claim 30 or 31 wherein the front and back
surfaces of the wafer have a total thickness variation of at least about 35

microns.
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axis; wherein: the front asd back surfaces of the

waf er have a total thickness variation of at |east 20
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t he wafer have a surface roughness of fromabout 1 to
about _1.5 mm 37. An edge etching apparatus, the
appargtcﬁg'ngo% ISI ng: a casing; and a plurality of
rollers disposed within the casing, each roller

i ncl udiphgrality of rollers disposed within the casing, each roller including a

central axis and a plurality of annular grooves in generally parallel alignment

with the annular grooves of each adjacent roller.

38. The edge etching apparatus of claim 37 wherein the annular
grooves are defined by a first annular edge and a second annular edge, the
first annular edge and second annular edge both extending radially inward
toward the central axis, the first annular edge extending axially toward the

second annular edge as the first annular edge extends radially inward.

39. The edge etching apparatus of claim 38 wherein the distance
between the most radially inward point of the first edge and the most radially
inward point of the second edge is less than an apex width of the wafers that

the grooves are sized and shaped to receive.

40. The edge etching apparatus of claim 38 wherein the second
annular edge extends axially toward the first annular edge as the second

annular edge extends radially inward.



central axis and a plurality of annular grooves in
generally parallel alignment with the annul ar grooves
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apparatus of claim 37 wheréiin the annul ar grooves are
defined by a first annul ar edge and a second annul ar

edge, the first annul ar edge and second annul ar edge

bot h ext endi ng radially inward toward the centra
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is defined by a floor between the nost radially inward
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second annular edge as the first annular edge extends radially inward,
wherein the distance between the most radially inward point of the first edge
and the most radially inward point of the second edge is less than about 200

um.

46. The edge etching apparatus of claim 45 wherein the distance
between the most radially inward point of the first edge and the most radially

inward point of the second edge is less than about 100 um.

47. The edge etching apparatus of claim 46 wherein the distance
between the most radially inward point of the first edge and the most radially

inward point of the second edge is at least about 50 um.
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central axis, the first ans8l ar edge extending axially

toward the second annul ar edge as the first annul ar
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