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[ 0001] This disclosure relates to sem conductor and sol ar wafers such as
silicon owoizopuliat3sr (SO ) bonded structures, and nore paTtuBzui/esgs to a
bonded SO wafer and a nethod for manufacturing a bonded SO wafer.
BACKGROUND [ 0002] Sem conductor wafers are generally prepared froma single
crystal ingot (e.g., a sil i con ingot) which is sliced into individual
wafers. Wile reference wi be made herein to sem conductor wafers

constructed fromsili coﬁEMSFQQPUﬁﬁPBrMPSSQ%Rb@Aﬁggﬁ as well, such as

germani um gallium arsenide or other materials described bel ow. One type of
wafer is a silicon-on-insulator (SO) wafer. An SO wafer includes a thin

| ayer of igigon (an active layer) atop an insulating |ayer (i.e., an oxide
layer) which is in turn disposed on a silicon substrate. A bonded SO

sem conductor wafer is a type of SO structure. [0003]Due to device wdth
shrink, power conser®&tdlon, slipes -dighl Spee J{felrf}‘feﬁs’rrame and/ or speci al

applicati ns. #&Cglcecctf%ﬂ& é%%stvg%; Eéwé? et |snjtcsqef4r§l i con on

i nsul at or ers are increasin & th ectively renove
the unbonded:iuter (Y1) prtecrraiecpcgﬁﬂmme@,n a&ﬁ:im@ré ayert waiesr bonded to
t he support substrate in order to avoid del am nation,

to a bonded SOI wafer and a method for manufacturing a

bonded SOI wafer.
BACKGROUND

[0002] Semiconductor wafers are generally
prepared from a single crystal ingot (e.g., a silicon
ingot) which is sliced into individual wafers. While
reference will be made herein to semiconductor wafers
constructed from silicon, other materials may be used as
well, such as germanium, gallium arsenide or other
materials described below. One type of wafer is a
silicon-on-insulator (SOI) wafer. An SOI wafer includes a
thin layer of silicon (an active layer) atop an insulating
layer (i.e., an oxide layer) which is in turn disposed on
a silicon substrate. A bonded SOI semiconductor wafer is

a type of S0OI structure.

[0003] Due to device width shrink, power
conservation, super-high speed performance, and/or special
applications in electronic industry, the demands on SOI
(silicon on insulator) wafers are increasing. One
challenge is to effectively remove the unbonded outer
peripheral portion of an active layer wafer bonded to the

support substrate in order to avoid delamination.



WO 2012/ 014138PCT/ 1B2011/ 053284 2 Del am nation can result in particle
contam nation in the process and/or device lines of the wafer. [0004] When
manuf act worg12zm488 waf er, outer peripheral portions ofCrhB2iwes3asd ers to
be bonded are subjected to R or T chafering, or edge profiling (as further
described below), in order to prevent wafer breakage, cracks and/or
particle generation. Al so, outer peripheral portions of a bonded substrate
have uneven thickness due to wafering steps. Because of this uneven

t hi cknesshe M Y-t e Fohdi T Pr odess L el ut@tt Periphiedal 1pdrits on i s
ei t her n(S)Egr@Co&dsedar%({@g C%]éa\y&déé)rli\q%lé/f b@f@evgafé/}hen an active wafer
W

I
t hi ckness is reduce th processes such as grinding, etching, polishing,
etc., this unbonded portion is partially delam nated fromthe bonded
substrate during the0F34Im t hivgigre ssarethuci uig rpy coes¥es . waiher ded @ nat ed
parts cause pr.oblens for. fil mithickness reducti.on, cl.eaning, and
measur emgnt’ prbcess ey’ ” tF]uCPrﬁe?ﬁrg:rkée, i d“é‘i‘/fecres ptroocbeessbe%r}é? € remai ni ng
unbonded fosidonsd are redan natedie Whigh causese pardicl engenss ation and
severely inpacts device yields. [0005] There have been several prior art

att enpt s 0" SV SRR TRV For  exaifit e, L FiIRJIF & 1 AT Show a
progression. of . ! ens, {0fs b&ﬂﬂj}&g S SUlstd ac-iifné/@aftefor§ angi an agtiye |ayer

wafer A to each other and then chanfering e edge peripheral portion of
t he bondeeemwaflerralV g guren < A S howsondeed sulist risdtee Bel o urieveact i ve | ayer

waf er, a Figure 1B shows the bonded wafers. Figure shows a grinder G
o e s e P S o e & S F R e oo ¢ he
conpl ete SQAcwaies, Winole dhatbdhe epriphates yafiere isuddir t her processed).

This nethod is believed to be substantively simlar to that W)

2012/ 014 IB38PCH BP0 A9 053284L ® either not bonded at all and/or

weakly bonded. When an active wafer thickness is reduced
with processes such as grinding, etching, polishing, etc.,
this unbonded portion is partially delaminated from the
bonded substrate during the film thickness reducing
processes. The delaminated parts cause problems for film
thickness reduction, cleaning, and measurement processes.
Furthermore, in device processes, the remaining unbonded
portions are delaminated, which causes particle generation

and severely impacts device yields.

[0005] There have been several prior art
attempts to solve delamination. For example, Figures 1A-
1D show a progression of steps for bonding a substrate
wafer S and an active layer wafer A to each other and then
chamfering the edge peripheral portion of the bonded wafer
W. Figure 1A shows the substrate below the active layer
wafer, and Figure 1B shows the bonded wafers. Figure 1C
shows a grinder G grinding the outer peripheral edges of
the wafers, and Figure 1D shows the complete SOI wafer W
(note that the complete wafer is further processed). This

method is believed to be substantively similar to that



shown in Japanese Patent Application No. 1986-256621. Anbng ot her drawbacks
of this exanple, the dianeter of the wafer Wis snmaller than the standard
waf er di aweter2/01issch causes probl ens for the downstreamChanziii/ngp284
facilities and jigs. [0006] 1 n another3prior art exanple shown in Figures
2A-2D, a bonded SO wafer Wis fornmed as descri bed above from an active

| ayer wafer A and a substrate wafer S. The wafer edges are ground as shown
in Figures 2B-2C such that the entire outer edge of the active wafer Ais
ground ofF10'Huti o3P U tTDF SUbSt ¢t T NYr ot o1F66%thi s nethod is
bel i eved Subst | i l.ar. h i se- Pat ent

Appl i cat i%ﬁoﬁ. 1989%%%1%%&% %ﬁi%ﬁ%%i’r%o&% poor efﬁ c%eﬁcy.

[ 0007] I n wehfe=priW ors agrta lekamnpitears hown 3 tarkagut evB87r tdienactewve whiafadr A i s

ground at its edges to forma ledge L (wafer A is thus a pre-ground wafer).
The vaf orC kT BETURE 0 SUbst At & e ere 8 (1 Ul 38 1 h 11 Gurd e, t he

top surface;of the bonded SO wafer Wis ground to renove the | edge L, and
the conplete wafer is shown in Figure 3D. The unbonded portion of the

active layer wafer can thereafter be ground down. This nmethod is believed
to be substantivel yl&i4i] ar tB t3tshoir 13 FaparfeseiPat ettOBppltt cat i on

No. 1992-85827.. [H008] I n, %dr%ec?ré()fiw% 405 @ honded a%gdéé@ésﬁbsét/é{i S

formed as descri bed above froman active |ayer wafer A and ate
waf er S. dboR gluren 4B) ddeiactlianemafaefe A A sargt cundhtagt 1dtse upplerr peri pher al

edge Eto formthe | ed L shown in Figure 4C. To conpl ete e fer
o acessi n GRS B0 Ce B VLA G 81 1 Ghi e 202
2012/ 014138RCTHE20Md 053284 buter edge of the active wafer A is
ground off, but only a portion of substrate is ground off.
This method is believed to be substantively similar to
that shown in Japanese Patent Application No. 1989-227441.

This method suffers from poor efficiency.

[0007] In the prior art example shown in
Figure 3A, the active wafer A is ground at its edges to
form a ledge L (wafer A is thus a pre-ground wafer). The
wafer A is bonded to substrate wafer S in Figure 3B. In
figure 3C, the top surface of the bonded SOI wafer W is
ground to remove the ledge L, and the complete wafer is
shown in Figure 3D. The unbonded portion of the active
layer wafer can thereafter be ground down. This method is
believed to be substantively similar to that shown in

Japanese Patent Application No. 1992-85827.

[0008] In prior art Figure 4A, a bonded S0OI
wafer W is formed as described above from an active layer
wafer A and a substrate wafer S. In Figure 4B, the active
wafer A is ground at its upper peripheral edge E to form
the ledge L shown in Figure 4C. To complete the wafer

processing of Figure 4D, selective etching, polishing



and/ or PAC (plasma assisted chem cal etching) processes are used to renove
t he unbonded parts fromthe outer peripheral edge of the active |ayer wafer
A. Thi s meOhotk/i1$138el i eved to be substantively simlar PoTuBz21/833e8N i n US
Pat ent 6,534,384 B2, which is incorpo#ated herein by reference. As can be
seen, many steps are required to formthe conplete wafer. [0009]1n prior
art Figure 5A, the active |layer wafer A includes a groove R fornmed inits

| ower surface prior to bonding. The active wafer A is bonded to the
substrat @nfer B¢ n(F e S 1TSS $hthotr | SHEi et e Subst anti vel y

simlar tod nﬂéeéh@é’w}énﬁb\}@ fad %9%%3%&@% @&?/ﬁf@%@eﬁ' , Which is

i ncor porated herein by reference. grinding 1s perfornmed on
waf er A aretimhapposidee sifdetHe amntihe graocve R Ehed unbnidednggdrdd on of t he

outer peripheral portion of the fer can be renoved after grinding the
wafor Lo B QR EFTThed O CRHESET e SR h the- Lol ot & AT e W of
Fi gure Shys [ROdNdTheres4 ened nse ansindl £4 1406 need o1 @ maferpgurface

treatment nethod and a wafer that addresses the di sadvantages of current
met hods ofefR&sictt i n* Yed i bt ofMathe SRR e i fREHalePorti on of an

active | ayer ofy, a é)oq&plf%estvg%éyr e. BRI EF SUMVARY [0011]In one aspect, a
silicon-on-i nsuh[ ator wafer conprises an upper portion having a trapezoid

shape in cross-section and a | ower portion having an outer peripheral edge
having a curved shap&0°9 MO 2002/d4d:33RCT/FLIBAOIL / 53284 Sactive

layer wafer A includes a groove R formed in its lower
surface prior to bonding. The active wafer A is bonded to
the substrate wafer S in Figure 5B. This method is
believed to be substantively similar to that shown in US
Patent Application 2009/0203167 Al, which is incorporated
herein by reference. 1In Figure 5C, grinding is performed
on wafer A on the opposite side from the groove R. The
unbonded portion of the outer peripheral portion of the
wafer A can be removed after grinding the wafer to
predetermined thickness, as shown in the complete wafer W

of Figure 5D.

[0010] There remains an unfulfilled need for
a wafer surface treatment method and a wafer that
addresses the disadvantages of current methods of
preventing delamination of the outer peripheral portion of

an active layer of a bonded structure.
BRIEF SUMMARY

[0011] In one aspect, a silicon-on-insulator
wafer comprises an upper portion having a trapezoid shape
in cross-section and a lower portion having an outer

peripheral edge having a curved shape.



[0012] I n anot her aspect, a silicon-on- insulator structure conprises an
active wafer and a substrate wafer, the active wafer having a trapezoid
shape i n woase/Ees8i on and t he substrate wafer having amrCoaBzni/psesspher al
edge having a curved shape. [0013]In §till another aspect, a bonded

sem conductor wafer conprises an active wafer and a substrate wafer bonded
to one another. The active wafer includes an outer peripheral edge

i ncl udi ng an angl ed shape such that the active wafer has a trapezoid shape
in cross-section. %bgbr pelt phHgtdle e Pt + e Subst¢at @ waf er defi nes

the |overspsh portian. oy the dapezald shape Ofc thgractiye 4 ayer wafer.

[ 0014] Vari ous refinenments exist eatures noted in relation to the
above- mremtuloned s pectesr:, Furd hert featwafesr neyw ials e berdpeoripdrataek i n t he
above-nentioned aspects as | l1.. These refinemgg%ﬁ}and additional features

may exi st™} idi ViHUAT Ty Yt FH driyF coHbi niat ton’ @ hsthcd) Yarious

f eat ures gl sclissed helawhidy e al i e+ ayagf. the illustrated enbodi ments
may be incorporated into any of the above-described aspects, alone or in

any conbi nati on. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0015] Fi gures 1A-5D are
side views showi ng Ptiot! art TetHods! T hGHESA af®rdeqd 0016] Fi gure 6

Is afl OW&M&Q o AL hadhof; fanufacturi ng an S0 yafer according to

one enbodi nent.
substrate wafer bonded to one another. The active wafer

includes an outer peripheral edge including an angled
shape such that the active wafer has a trapezoid shape in
cross-section. An upper peripheral edge of the substrate
wafer defines the lowermost portion of the trapezoid shape

of the active layer wafer.

[0014] Various refinements exist of the
features noted in relation to the above-mentioned aspects.
Further features may also be incorporated in the above-
mentioned aspects as well. These refinements and
additional features may exist individually or in any
combination. For instance, various features discussed
below in relation to any of the illustrated embodiments
may be incorporated into any of the above-described

aspects, alone or in any combination.
BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Figures 1A-5D are side views showing

prior art methods of making an SOI wafer.

[0016] Figure 6 is a flowchart showing a
method of manufacturing an SOI wafer according to one

embodiment.



WO 2012/ 014138PCT/ 1B2011/ 053284 6 [0017] Fi gures 7A-7E are a progression of
side views show ng aspects of the nmethod of manufacturing of Figure 6.
[ 0018] Fi gmioeo/i1s138 fl owmchart showi ng a net hod of nanuf acraBimyoms4SO
waf er accordi ng to anot her enbodi nenté [0019] Figures 9A-9D are a
progression of side views show ng aspects of the nethod of manufacturing of
Figure 8. [0020] Figures 10 and 11 show a grinding wheel of one enbodi nent
for performng a traooezoi d grinding step. .
[0017] Figures 7A-7E are a progression of
side views showing aspects of the method of manufacturing

of Figure 6.

[0018] Figure 8 is a flowchart showing a
method of manufacturing an SOI wafer according to another

embodiment.

[0019] Figures 9A-9D are a progression of
side views showing aspects of the method of manufacturing

of Figure 8.

[0020] Figures 10 and 11 show a grinding
wheel of one embodiment for performing a trapezoid

grinding step.

[0021] Figure 12 is a side view of an SOI
wafer aligned with a groove of the grinding wheel of

Figure 10.

[0022] Figure 13 is an enlarged view of an

SOI wafer after trapezoid grinding.

[0023] The figures are not to scale, and
portions are enlarged for illustrative purposes.
Corresponding reference characters indicate corresponding

parts throughout the figures.
DETATILED DESCRIPTION

[0024] Referring now to Figure 6 and to 7A-
7TE, a method 100 of manufacturing or processing a bonded
wafer (alternatively, a silicon-on-insulator structure or
SOI wafer) is shown. An active wafer 101 and a substrate

wafer 103, such as those shown in Fig 7A, are conventional



[0021]Figure 12 is a side view of an SO wafer aligned with a groove of the
grindi ng wheel of Figure 10. [0022]Figure 13 is an enl arged view of an SO
waf er af two 20r24pe18i d gri ndi ng. [ 0023] The figures are neCTiB2dC633R84 and
portions are enlarged for illustrative purposes. Corresponding reference
characters indicate corresponding parts throughout the figures. DETAILED
DESCRI PTI ON [ 0024] Referring now to Figure 6 and to 7A- 7E, a nethod 100 of
manuf acturi ng or processing a bonded wafer (alternatively, a

si | i con- ofRfsistd at®Rtistiraed uier ot SO L Wit ) T i s hownt 2 o%e aktie wafer 101

and a su mt %yag J% SHCY those- shown in Fig 7A, are conventional
WO 2012/ (%3&38%1 /1%2011 0%%5%}% '

[0025] Active wafer 101 and substrate wafer
103 may be any single crystal semiconductor material
suitable for use in an SOI structure. In general, the
wafers may be composed of a material selected from the
group consisting of silicon, germanium, gallium arsenide,
silicon germanium, gallium nitride, aluminum nitride,
phosphorous, sapphire and combinations thereof. In one

embodiment, the wafers 101, 103 are made of silicon.

[0026] A layer of oxide is deposited 102 on
the front surface of the active wafer. Oxidation is
typically performed in a vertical furnace, e.g.
commercially available AMS400. The front surface of the
wafer is then bonded 104 to the front surface of the
substrate wafer to form a bonded wafer 105 as shown in Fig
7B. Bonding can be performed in a conventional
hydrophilic bonding process using a tool such as Model
EVG® 850 from EV Group of Austria. Heat treatment 106 is
suitably performed in an electric oven (such as model Blue
M from TPS of Pennsylvania) to strengthen the bond. The
next step, trapezoid grinding 108 is further described
below with reference to Fig. 7C. Surface grinding 110,
shown in Fig. 7D is suitably performed using a single side
grinder, such as in model DFG-830 from Disco Corporation
of Japan. The surface grinding 110 suitably includes a
rough grinding step and a fine grinding step. Rough
grinding is suitably performed using a 600 mesh with 20-30
microns grit size, and fine grinding is 3000 mesh and grit

size of 2-6 microns.



7 wafers. Both have mrror-polished front surfaces 101F, 103F and are
relatively defect-free. [0025] Active wafer 101 and substrate wafer 103 may
be any siwglei12nyssal sem conductor material suitable fecTuB®1/Ns3as SO
structure. In general, the wafers nay8be conposed of a material selected
fromthe group consisting of silicon, germanium galliumarsenide, silicon
germanium galliumnitride, alumnumnitride, phosphorous, sapphire and
conbi nati ons thereof. In one enbodi nent, the wafers 101, 103 are nade of

silicon. [0026] A | ay&t20f oxiftRf$s depadaed B0 oh the FrBHINSurface of
the activ . ! i i i r i verdt i furnace,
e.g. comr%r \(,:}?éa ype?v%a%ébcfgb%%&%gé&%}ée&fvfﬁéloslﬁ'ac%%flS’?hgedlwa belri}’ji s then
bonded 10Zitfoinwsd firord surfacel ofal et dubst ratee wafes doidforan a bonded

waf er 105 as shown .in Fig .7B. Bondi ng. can he perforned in a conyenti onal
hydr ophi I?@%ﬁ%ﬁlad?tdcg%@% g aa(tg]ocglets taé“%%s from EV

G oup of AUstdtdhg Heed 14 eatdrenic 06 sAHd abd ysperdioryed d maneel ectric
oven (such as nodel Blue Mfrom TPS of Pennsylvania) to strengthen the

bond. The $ie9@ BtleEhinapey of Py i fidi e 090 3k Yumher deseihaedh bel ow with

ref erenc Fi 7 rindi Y 1S | [.0. is suitably

perfor maﬁaaﬁ% n%%a’ sicl%hlngBée{‘Ir{s%c:il‘(zveglr%;’ngde}%’,g %%%hs%rsw% 1%&‘5%}9&—%}%830 fromDi sco

Cor por at i dulofe Japdn. pdhestsiurd ace lgrimding Adéhtswiatdge iNiudesd a rough

grindi ng st and_a fine grinding step.. Roug rinding | s suitap

per f or nedoacfg{)n?%faﬁﬁﬁ) eshr Wit -lgfé)rﬁ]cé)o%‘g g {k%cheeé ”éarfge]? ?jn@/gri ndi ng

s 3000 rmah anck Gidpet e lerde Gl ar oS a M 2042/ A INBRGU AB2011 053284
such as flatness and particle count, and then packaging

the wafer for shipment to customers.

[0028] As can be seen from Figures 7E and 13,
the finished or bonded wafer 105 has an upper portion
having a trapezoid shape. More specifically, the upper
portion including the remainder of the active layer wafer
101 and a relatively small portion of the substrate wafer
is angled at the outer peripheral edge portion so that the
wafer is said to have a trapezoid shape or a trapezoid
shape in cross-section. Note the lower portion of the
bonded wafer 105 (which corresponds substantially to the
substrate wafer 103 in this embodiment) has a conventional
bevel or rounded shape (broadly, a curved shape) at its
outer peripheral edge and thus does not have a trapezoid
shape. The upper portion of the bonded wafer 105 is
substantially coincident with the active wafer 101 in this

embodiment.

[0029] Referring again to Fig. 7C, an outer
peripheral edge of the active wafer 101 is brought into
contact with the grinding wheel and is ground at an angle

relative to the front surface 105F of the bonded wafer



[0027] Referring again to Fig. 6, etching 112 is next performed on the
bonded wafer 105, and is suitably perforned in a conventional etching

appar at uswozoregiarssal kal i et chant, though an acid et chamCTAB3o1ab3es84dbe used.
Polishing 114 is then perforned and i$ suitably a single-side polishing on
front surface 105F using a Strasbaugh Mark 9-K. Alternatively, the
polishing 114 may be a doubl e-side polishing of both the front surface 105F
and back surface 105B. Finishing 116 of the bonded wafer 105 includes

i nspecti P The T 17 &t ISHeph Fed paretmret@d @it suchhds ¥ at mess and

particle gount, %5#&%&%?&33@?2%%‘%%%& Of .shilgg%ergdd O custoners.

[ 0028] As can be seen from and 13, the fini or bonded wafer
105 has ariupperg pioy tpeant dravedgiret i apez cirde shapeitdbree siggoifdalcal |y, the

upper portion jncluding the reminder, of t active layer wafer 101 and a
et i Dol AT T A DTN bt 1 Wi orT1S Sl Gt the out or
peri pher ad1 Behges o4 tdon s dihatn thes vafesr ise salkk 0 haye a trnapezoi d shape

or a trapezoid shape in cross-section. Note the |ower portion of the bonded

waf er 105 {WHIEH dorY eSporrdsl s ubstdite adush tidathesublstrdite afaffere 103 in
hi mbagi i anal b :
this e Oﬂégé%%ofl‘fs:lcgpec&%’o%‘éiogﬂ% Q?ééﬁ%e&{ %9%2?@#%% (broagly, a

curved shap ut er peri pheral e an es not have ‘a
trapezoi e shapeoodfthel Wdperm porNdton twdfat hehdondeld: waferdes isf substantial |y

coincident with the active wafer 101 in this odi ment.. [0029] Referring
ettt D MG A B Bl O Tt 1 LT L ek ol GGt | &

brought 410 Gonactfdedhe @f i ndingywheel qandd scig aloah angl e

relative to the front surface 105F of the bonded wafer
2012/ 014188PCHIB2011/ 053284 9 105. The angle is suitably between about 3
and 10, and in this enbodi nent the angle is about 7. The edge grinding is

performed until theg%gd]re oyfrngipqueoh%,al dge. s aroynd ,as shown in

. ! . -ﬂ?

Figure 7D. The grinding elimnates any notch in the outer peripheral edge.
The grindagivmywsist ablly be gionenduchtthait thees lengticlofedheofangl-ed or
sl oped portion is between about 1 nn1andH}.5 mm e.g. about 1.25 mm Note
that the HnhdlEHmMP debt P Yrithd i€ SuchP t halC& st | “ it 3 of the top

bevel 119%10fnd her substyat g, Mafere 1031 sid emyed dusi nwthe taapezoid
gri ndi ng. [6630]|n Figure 7C, the surface of the
edge grind is performed such that a portion of the

substrate wafer 103 is ground.

[0031] Referring to Figures 8 and 9A-9D, the
grinding steps are reversed as compared to that of Figures
6 and 7A-7D. In other words, the surface of the active
wafer 101 is ground first, before the trapezoid grinding.
This order of steps is shown in Figure 8. Again, the
surface grinding step may include a rough grinding step
and a fine grinding step. Rough grinding is suitably
performed using a 600 mesh and grit size of 20 to 30
microns, and fine grinding is 3000 mesh and grit size of 2
to 6 microns. The surface is ground as shown in Figure
9B, and then the edge of the active wafer 101 is next
ground in Figure 9C until the edges have the trapezoid

shape shown in Figure 9D.



active wafer 101 is ground until it has a thickness of 40- 50 m crons, as
shown in Figure 7D. Note the trapezoid shape of the active wafer 101 in

Fi gure 7DvOAbBH14138e edge grind is performed such that &CpaBilons3e$4 t he
substrate wafer 103 is ground. [0031]Referring to Figures 8 and 9A-9D, the
grinding steps are reversed as conpared to that of Figures 6 and 7A-7D. In
ot her words, the surface of the active wafer 101 is ground first, before
the trapezoid grinding. This order of steps is shown in Figure 8. Again,
the surface grindi nbocg:i?e]p mayRe el g ot ¢ JUgh s ndi mp$tep ahd a fine
grindi ng - ringi ng. . |t abl 'r{”%ﬂ:' i h and
grit si ze(ﬂo]‘fa[p%lo (L;”g[géoegln‘i 125rjlong[ffozan%&'i ralag ygrrainf% |é;lg IS l%)lm%n(ﬁri t size
of 2 to 6Gom canomsdinidrer siy f@eel greqrioundites showrmands guf ec188, and t hen

the edge of the active fer. 101 is next ground in Figure 9C until the
edges have T T Lprott han snoie I W95 gu 8 ot AWBPted to be

2012/ 014138REH A B0 11/ 053284 116h { 0032)Raf €5 11 Nth ¢ onFdiguwes: 90 and 11, a
grindi ng wheel 151 (broadly, a trapezoid grinding tool) of one enbodi nent

i s desi grieal formg N e fatmmice Dfinded r apey oildl Yremei hignaros. e wheel
151 is a 1 : 0 1 profilj i ne 152
t hat per &%Pén%dltlhrgg B?aa%gl;ﬂ(;gl gldsgrgi{hncaﬁ%rﬁ/fn@% I's %ﬁg%ﬁ}lﬁ{eegt%détrﬂ%%% iling
machi ne 120 @MuSTKC 4ok 530 0RHE mmac hi Ties adeptledl Flori 20burmeal areter waf ers.

The wheel 151 js unted on a spindle 153 of t profiling machi ne 152.
[ 0033] The*RnHeEste ljsné.i3 ocffet“rﬁ% P reht™q Jrriengl-rg%*aped or annul ar and has a
central hole 154 adapted for nounting the wheel on the on the spindle 151

of the profiling magduaw 152. triheswheel 1551 has @ dirgdelefierd ofs 202 Mm wi th
a central hole dianeter HD of 30 mm and thickness of 20 nm The wheel 151

of this enstdiTaRehadr anupper Prbdvas BEent tehthale grivbvdaseand a

| ower grogye 159 di q§%g n t e o, T oves 155,
157, 1590%?1: geneflarﬁ)y -svﬂ{aepegld C?fﬁ ﬁel s&gﬁ%kg%iér%ﬁ?. elt5e1t attq% e wheel 151

may al t ermativelryy heveh jrustl ohe dgriooweiedr Practdcal |iamytat heromunber  of
gr ooves, thin the scope of this disclosur eé@ 0%54:]T |n this_ enmbodi nent, the
upper and cedt® ai+ gt b G55 %R P dHpt 6 ¢ f¥" #i%hdi ng, and the

| over grogye-idndd s;adapted. formd aughe gri fidi 9. cEac he g Qomes suitabl y
i ncl udes dianmond grits. For fine grinding, dianond grit size of 2000 or
3000 neshan sieRf L abf @ veokd Yo egrirrdl rigr 0600 heshwt B0OWRsh i s

sui tabl e The sheel dod s suifahly, made ofjaretal all gy, pl urium al oy, or
stalnlesssee, ougnm other nmaterltals are contenpl at ed.

grooves 155, 157, 159 are generally V-shaped in this

embodiment. Note that the wheel 151 may alternatively

have just one groove, or practically any other number of

grooves, within the scope of this disclosure.

[0034] In this embodiment, the upper and
central grooves 155, 157 are adapted for fine grinding,
and the lower groove 159 is adapted for rough grinding.
Each groove suitably includes diamond grits. For fine
grinding, diamond grit size of 2000 or 3000 mesh is
suitable. For rough grinding, 600 mesh or 800 mesh is
suitable. The wheel 151 is suitably made of metal alloy,
aluminum alloy, or stainless steel, though other materials

are contemplated.



WO 2012/ 014138PCT/ 1B2011/ 053284 11 [ 0035] Each groove wall of this

enbodi nent sl opes froma bottomof the groove to a top of the groove and
has a fl awokotzm3sl n t his enbodi nent, the slope is at &boaB2a1/F328ngl e.
The width of the bottom of the groovellis about 1.8 mmfor use with a bonded
waf er having a total thickness of about 200 mm so that the substrate wafer
or back surface of the wafer is not in contact with the groove during
trapezoid grinding. The W|dth of each groove at its w dest portion (the top

of the gr oove) |s adbuto 3. 5 MmCITHE QRIS "oFL t Hef griblov TR die®eitt o t he
bot t om of { @tb@t{@rﬁ“&@ v % 'H“t@eoﬁr@@é/ %#hw I s

about 6. 0 e groove root ept RD 1 s about e wheel
151 is i rmtcalhml aonEJtahte ledgeonpr ofJiri I rigl srestio avel ndS R, sumeh sa]sam ias spi ndl e of

the STC EP-5 RHO._ After. whe nst al.l at indle h (verti cal
directi o aaﬁ?no%ii &t ahc (ot i 2 Jd%'keccﬁ‘% tﬂJ) }E%ttf?%e f;dfqlfst so that
groove 15p-&fvd hes whealt 1513 and ﬁ_ch@ honded-wed eforldiss a¥eral lkgzﬂ% s shown

in Figure 12. Note that the outernpost portion of substrate wafer edge and
t he bottomsirdacd @enemt 9 donitactOWwinth t3e grdthdiliy Yrovveeass. Then,

trapezol %agfdéf\l‘mdc%ﬂ%e%%pﬁﬁﬁié%doﬁstkgee%a(f&edlsabf%’@ inlT@Rezold grdndi ng can

be perforne rough grit groove or fine grit groove or both grit

grooves (fhie siraoughigring grogwes;otdien fridingri tTigs om,(et)h dﬁheeegfh ndi ng nay
be perforned as a sin Iecﬁ)ass or nmulti Ie passﬁgt[o ess, endi ng, for
exanpl e, BrP Ve quiat T 14 %ﬁ%lR%rﬂ% FE37er @%@& | e"Fret hods are

appl i ed to,deMoyes te. unﬂ@@t@ﬁ@ﬁ@&yﬁ@@%@b@ﬁf@ oft@nactive layer
waf er bonded on a substrate wafer. This results in a

bottom of the groove at a radius of about 0.2 mm. The

groove depth GD is about 6.0 mm and the groove root depth

RD is about 8.0 mm.

[0036] The wheel 151 is installed on the edge
profiling machine 152, such as on a spindle of the STC EP-
5800 RHO. After wheel installation, spindle height
(vertical direction) and distance (horizontal direction)
are fine adjusted, so that groove 155 of the wheel 151 and
the bonded wafer 105 are aligned as shown in Figure 12.
Note that the outermost portion of substrate wafer edge
and the bottom surface are not in contact with the
grinding groove 155. Then, trapezoid grinding is
performed as described above. Trapezoid grinding can be
performed with either rough grit groove or fine grit
groove or both grit grooves (first rough grit groove, then
fine grit groove). The grinding may be performed as a
single pass or multiple pass process, depending, for

example, on edge quality reguirements.

[0037] The above example methods are applied
to remove the unbonded outer peripheral parts of an active

layer wafer bonded on a substrate wafer. This results in a



WO 2012/ 014138PCT/ 1B2011/ 053284 12 bonded wafer having a nore securely
bonded outer peripheral portion. In a suitable nethod, after bonding of an
active | ayenowmafier3ssonto a support substrate and post - bordThBZX11/03328% Of t he
bonded pairs, trapezoid grinding is agplied to renove the unbonded outer
peri pheral portion of the active |ayer wafer. An edge grinding wheel such
as wheel 151 nay be used to performthe trapezoid grinding step. Anmong

ot her advant ages, the bonded wafer according to enbodi nents of this

di scl osurP1&q g&xf 9 KEAi D dUfFed TR hathGileAdditsonal |y, the bonded

waf er inhibii pr { S, pard 1 i t 1 t herw se
occur du&?%ol%}a%an% ﬁg%éunnboncﬁe% Ssolglﬁ%ﬁlsrg gﬁé%%'p:%%teé;;%r{/@cﬁyl i nes of
t he waf erof [0038}tWhen laneoduciay elementsumiotthesypresente iavventi on or the

enbodi ment (s) thereof, the articles "a", "an", "the" and "said" are

"t ended R TR A HOe e o iR Tt ihe W BRARE The tor ms
"conmpri Sidndidcl AR and o hasdigs e duidenged dwo-de inclusive and
mean that there may be additional elenents other than the |isted el enents.
[ 0039] As R&iriOsr ehatyds ol Hee metel Vo ke abtvde constt IREGDNs wi t hout

departing fromthe SCope ofy the hnvention, 1t 1s [ntended, that, all matter
cont ai negglln Cﬁle&g%ove descr | ption andlg‘lhom in tLLe acco anylrng draw ng[ s]
shal | be il erprmwted dsyiiddista adtiare. arftharod dther lddudn ttapesensehe WO
2012/014%§8PC1418%911/053284,13 VWHAT | S CLAIMED | S:, . .

onded wafer according to embodiments of this disclosure

is less likely to suffer delamination. Additionally, the

bonded wafer inhibits or prevents particle contamination

that might otherwise occur due to delaminated unbonded

portions on the process/device lines of the wafer.

[0038] When introducing elements of the
present invention or the 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.

[0039] As various changes could be made in
the above constructions without departing from the scope
of the invention, it is intended that all matter contained
in the above description and shown in the accompanying
drawing[s] shall be interpreted as illustrative and not in

a limiting sense.



1. A silicon-on-insulator wafer conprising an upper portion having a
trapezoi d shape in cross-section and a | ower portion having an outer

peri pher avoedp®1essi ng a curved shape. 2. The wafrem/1Bio1Chzssm 1
wherein the wafer includes an active Mafer and a substrate wafer. 3.
The wafer of claim2 wherein the active wafer and substrate wafer are both
made of silicon. 4. The wafer of claim2 wherein the upper portion
is substantially coincident with the active wafer. 5. The wafer of
claim4 d%%ﬁ%i%gﬂ%kﬁﬂﬁﬁérl%brtion i ncl udes an upper peripheral edge of the
substrate wafer, the trapezoid shape defined at its | owernost portion by

the upper periphefal; edgg, of, 1he substrateraf &@mprising & Jhgewaf er of
claim5 further conprising an oxide | ayer di sposed between the active wafer

and the substiat ranafey .a trapezdid Hemmfer ofoxd-adeant2Zlahered e t he

substratelvvaf er_does nC}tg have a trapezaoid s@g edn Ric/ro\sl\b;-s.ecti on. 8.
A siliconORt iU at Yt MU de Compr i ng B HetTVE vt et a substrat e
waf er, theiaedd vehawed er having a trapezoid shape in cross-section and the
substrate wafer having an outer peripheral edge having a curved shape.

9. The structure of claim8 wherein the actjve wafer_ and substrate wafer

are both nmade of B1% it Yo 2P} oh4ispreT BP0 1105328 udes an

active wafer and a substrate wafer.

3. The wafer of claim 2 wherein the active wafer and

substrate wafer are both made of silicon.

4. The wafer of claim 2 wherein the upper portion is

substantially coincident with the active wafer.

5. The wafer of claim 4 wherein the upper portion
includes an upper peripheral edge of the substrate wafer,
the trapezoid shape defined at its lowermost portion by

the upper peripheral edge of the substrate wafer.

6. The wafer of claim 5 further comprising an oxide
layer disposed between the active wafer and the substrate

wafer.

7. The wafer of claim 2 wherein the substrate wafer

does not have a trapezoid shape in cross-section.

8. A silicon-on-insulator structure comprising an
active wafer and a substrate wafer, the active wafer
having a trapezoid shape in cross-section and the
substrate wafer having an outer peripheral edge having a

curved shape.

9. The structure of claim 8 wherein the active wafer

and substrate wafer are both made of silicon.



14 10. The structure of claim8 wherein an upper peripheral edge of
the substrate wafer defines the | owernost portion of the trapezoid shape of
t he acti weOl2aizdrn4isaf er . 11. The structure of cl aPeTAB204fve33284n an
upper portion is substantially coincident with the active wafer. 12.
The structure of claim 11 wherein the upper portion includes an upper

peri pheral edge of the substrate wafer, the trapezoid shape defined at its
| ower nost portion by the upper peripheral edge of the substrate wafer.

13. The structifte Bfe @it S Wk Herd Eorprilst iRy b xXikieY ayer di sposed

between the agtlyve : g:ésﬂgdcﬁé‘eséd’sb@é@é G LlGefines tH& The structure

of claim13 erein strate wafer does not have a trapezoid shape in
Cr oss- sectdawrrmost portlbn A bortde o sem contudtagre waf erheonprisd ng an active
waf er and a substrate wafer bonded to one another, the active wafer

i ncl udi nglaaéﬁelbd”f ©peripheral edge including an angl ed shape such that the
active wafer has a trapezoid shape in cross-section, an upper peripheral

edge of the subst rate ywahertdef idd ngldihe 1owatdmstn pot tige0f the trapezoid
shape of the active |ayer wafer. ~16. The bonded wafer of claim15
wher ei n tHfe- et vieS watert A Substat e Wefer e botth arlde’ ©f"ai%Y con.

17. The bonded wafer of claim 15 wherein the substrate wafer has an outer

peripheral edge hawidgs @, MO 2012 QALZSRGT/ AB2Q11{ 093284 pe r

portion includes an upper peripheral edge of the substrate
wafer, the trapezoid shape defined at its lowermost
portion by the upper peripheral edge of the substrate

wafer.

13. The structure of claim 12 further comprising an
oxide layer disposed between the active wafer and the

substrate wafer.

14. The structure of claim 13 wherein the substrate

wafer does not have a trapezoid shape in cross-section.

15. A bonded semiconductor wafer comprising an active
wafer and a substrate wafer bonded to one another, the
active wafer including an outer peripheral edge including
an angled shape such that the active wafer has a trapezoid
shape in cross-section, an upper peripheral edge of the
substrate wafer defining the lowermost portion of the

trapezoid shape of the active layer wafer.

16. The bonded wafer of claim 15 wherein the active

wafer and substrate wafer are both made of silicon.

17. The bonded wafer of claim 15 wherein the

substrate wafer has an outer peripheral edge having a



15 curved shape and does not have a trapezoid shape in cross-section.

18. The bonded wafer of claim 17 wherein an upper portion of the bonded

waf er i s wolket2zmsi3al |y coi ncident with the active waf er PCT/IB2011/033984 The

waf er of claim 18 further conprising &n oxide | ayer di sposed between the

active wafer and the substrate wafer.

curved shape and does not have a trapezoid shape in cross-

section.

18. The bonded wafer of claim 17 wherein an upper
portion of the bonded wafer is substantially coincident

with the active wafer.

19. The wafer of claim 18 further comprising an oxide

layer disposed between the active wafer and the substrate

wafer.



