WD 2012/ 014136PCT/ 1 B2011/ 053281 1 SEM CONDUCTOR AND SOLAR WAFERS AND METHCD
FOR PROCESSI NG SAME FI ELD [ 0001] This disclosure relates to sem conduct or
and sol arwoaberma4sdach as silicon on insulator (SO) bon#ed/1Binuecisnses, and
nore particularly to a bonded SO waféer and a nethod for nmanufacturing a
bonded SO wafer. BACKGROUND [OOOZ]Seniconductor wafers are general l'y
prepared froma single crystal in a silicon ingot) which is

sliced into indivi duaPEMAFENRUCTR IéN e?gPéﬁc@AﬁFRﬁ P¥Dpmde herein to

seni conduct or waf ers consMETEPRJIFORORRACESEENG S8AMEr mmterial s may be used
as well, such as germanium gallium arsenide or other materials described
bel ow. One type of wafer is a silicon-on-insulator (SO) wafer. An SO

waf er inciiddds a thin |ayer of silicon (an active layer) atop an insul ating
| ayer (i.e., an oxide layer) which is in turn disposed on a silicon

Substrate. A bonded em cto , f SO structure.
[ 0003] Due to device MAd%ﬁ sh?ﬁgﬁy A §cf€g§¥e e fuldPe

semiconductor and solar wafers such as silicon on
insulator (SOI) bonded structures, and more particularly
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.
Delamination can result in particle contamination in the

process and/or device lines of the wafer.



conservation, super-high speed performance, and/or special applications in

el ectronic industry, the demands on SO (silicon on insulator) wafers are

i ncreasi o 20 1¢t3al | enge is to effectively renove the eohbarzadozsasier

peri pheral portion of an active |ayer2wafer bonded to the support substrate
in order to avoid delam nation. Delam nation can result in particle

contam nation in the process and/or device lines of the wafer. WD

2012/ 014136PCT/ 1520[101<5)Q)‘5]3281 Bhqp 0d] W kit et utQ hg' @t S0 oWeder, out er

peri pher td he I wo- wafers, 4 q,be bonded, ar jected to Ror T
chanf eri %e gé e%g% %rcﬁll Ing (as ?eurt%erg)%esc%ed@be ow etiﬁtn order to
prevent vafleredwredkagey @r dtkshandfoinpardid deaygensrfatiiony @so, outer
peri phera rtions of. a nded substrate have uneven thickness due to
ol ef i ng SIEE? BEUSEST S medert AT Riede S Wy M 476 bond ng
process, @heyder derdiphenal/ pordd.on d s ejdhera thioin bondesh ato@dr and/ or
weakl y bonded. When an active wafer thickness is reduced with processes

such as dgtsmahREa etk i ot shibrjided csubsthiatafboieth st i on s
partially_ .de i t%i! f ) ggq bst ri ) i hi ckness
reduci ng tpk?loéc%s[,gs%g egcgerwCliafr]ﬁernlatqttj p&%l's c%%%%o%?%rﬁsl@oéﬂé\{%ﬁm t hi ckness
r educt i onshictleass g, danichgredsurismehin processes, tHhe theremwre, in devi ce

processes, the remaini ng unbonded portions ar el am nat ed, , whi ch causes
particle %ee]?fé?ei“aeﬁagﬁ ]scé?/e]r%l%ltirﬁep%di%t Cgeeéjyartel - 35905] There have

been sevefalk by i¥nddd. atifiedts to-solye,ded ammati ks Fof examle, Figures
1A- 1D show a progression of steps for bonding a substrate wafer S and an

active | ayleyh if@re 60 Badh @t Heti mhidn 3 hert Ghard eri nigt dthieedge-per i pher al
portion Qghitshe booonrgc?e;lc%]Wag;:r r. w g%%;%%m%aﬁ[%o%%at h%l%bgthag e ttheel ow t he

active | ayer wat er, i gure nde ers. Fi gure 1C shows
a grinderbdadgd ndieg: tdes aieinpetipherial gdgesafs thejuwafer s, and Figure
1D shows the conplete SO wafer W(note that the conplete wafer is further

pr ocessed)LOTHi T fret How | € M P e’ SiBstamiYet§si il art 4 t hat
shown i n Japanese Ral&M« ARp! i catd oM NO. 2 P80 29662 - n APng-ather dr awbacks

of this exanple, the dianeter of the wafer Wis smaller than the standard
waf er di drmet@rgrhiah 1RO AASEREY 1 B201 I 058281InB 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.
Among other drawbacks of this example, the diameter of the

wafer W is smaller than the standard wafer diameter, which



causes problens for the downstream handling facilities and jigs. [0006]In
another prior art exanple shown in Figures 2A-2D, a bonded SO wafer Wis
formed aswoestriibsd above from an active |ayer wafer A aow/i1B2Eubssiat e
wafer S. The wafer edges are ground a8 shown in Figures 2B-2C such that the
entire outer edge of the active wafer Ais ground off, but only a portion
of substrate is ground off. This nmethod is believed to be substantively

simlar tPUHt SHEWERH @%a%@%%ﬁe%&qf%k%% Nl hgsR 2041, Thi s
met hod s %egs frompoor efficiency. [0007]In the prior art exanple shown
in Figure 3A, the active wafer Ais ground at its edges to forma |edge L
(wafer Ais thus a pre-ground wafer). The wafer A is bonded to substrate

wafer S in Figure 3B)AGofi gurier 3Qother tmtpi@mra‘la@eemmmt% Honded 5O waf er

Wis ground to r t he .| edge o] fer i s shown
Fi gure S%D e %e%%n%)e’d Dot Cg%d L%OJ?he aclflv\gen%)ayoerrm &t %a%lf eerdeafter be
ground doyovd hisonredrhad i Svdeld wvedsd e ben sihstaniinel yatsd mdagr t o t hat

shown in Japanese Patent Application No. 1992-85827. [0008]1n frl or art
Figure 4A - a' Bt S@I9uT eI Wt med ddesct | bed ebove T4lom an acti ve

| ayer wafer A and a.subst laﬁee a/s@g o %%éor?ﬂglr%gt hezltFl d%gsadl_@eg{]l vewafer Alis

ground at |ts upper peri pheral own |n Fi gure
4C. To conmplwtie dhie vktaiterorpho(zesmngl@f i gurles 4 tsel ectiaenetahi ng,

polishin and/ or |.asma assi sted chem cal, etchin rocesses are used
to renov kfjhse Tﬁtbkb%ge]usppké?]t]se‘f? ﬁ% eké% CHer et a% of° the active
llayer waf@fa A sHldis lrfetmﬂess@eéa@@@ A be-suhst and | viedgo-simmidar, to that

shown in WD 2012/ 014136PCT/ 1B2011/ 053281 4
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 chemical etching) processes
are used to remove the unbonded parts from the outer
peripheral edge of the active layer wafer A. This method

is believed to be substantively similar to that shown in



US Patent 6,534,384 B2, which is incorporated herein by reference. As can
be seen, many steps are required to formthe conplete wafer. [0009]In prior
art Fi gurwo2A2/aseacti ve | ayer wafer A includes a grooeeTRBioor/nssdsin its

| ower surface prior to bonding. The aé¢tive wafer Ais bonded to the
substrate wafer S in Figure 5B. This nethod is believed to be substantively
simlar to that shown in US Patent Application 2009/0203167 A, which is

i ncor por dtedF Hedh P b3S Tttt dioe. "HIFIF Yure SEPYra TR e iSipery or med on

waf er A 0Si i r h teﬂi% T nded rtion of the
out er pe%p%%aﬁbrt%sgné%?e%%e% 'e?na%\{ig% e rae%gved after %)C?i ndi ng t he
waf er to fpredetter margdl ¢tte oknlesis, as shown in the conplete wafer W of
Figure 5D. [0010] There remains an unfulfilled need for a wafer surface
treat ment net hod anﬁodaod%af er fhat addr esses. t he dé§a vant ages_of current
met hods of preventing del ani natifon ©f the out'er peti pher at© portion of an

active | ayefeofywarhondeich studied W e5r BRIER SUIMMRRY {/001dd Onevaxspect is
directed to a nethod for manufacturing a silicon-on-insulator structure
conpri si P &ibstiiate Wafnddd active a@iere whican oxd dendertdbet ween

the substiial e;yaler, and,the. actiye ales sdhe ethaod gomprises the steps of
heat treating the structure, trapezo grindi ng edges of the wafer, and
gri ndi ng = kirfat et ofbd healwafaert 1 valy 202 04 1136 PCTE 11 B20did 0582831 5

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] One aspect is directed to a method for
manufacturing a silicon-on-insulator structure comprising
a substrate wafer, an active wafer, and an oxide layer
between the substrate wafer and the active wafer. The
method comprises the steps of heat treating the structure,
trapezoid grinding edges of the wafer, and grinding a

surface of the wafer.

[0012] Another aspect is directed to a method

for manufacturing a silicon-on-insulator wafer comprising



a substrate wafer, an active wafer, and an oxide | ayer between the
substrate wafer and the active wafer. The nethod conprises the steps, in
order, ofwbantngisshe substrate wafer and active wafer trogasiar/oizest ormthe
silicon-on-insulator wafer, heat treafing the silicon-oninsulator wafer,
grinding a surface of the silicon-oninsulator wafer, and trapezoid grinding
edges of the silicon-on-insulator wafer. [0013]In still another aspect, a

met hod f ot FRPRFERIUTHE & BohdetE Wet &ra konprase s eposit i iy e oxi de | ayer
on a fronf.sudacs, fs%%ﬂb%% %%necf ng-{ g agtiyve wefier to a

substrate wafer to formt nde , heat treating the bonded wafer,
gri ndi ng reetsurd avenwfidde ondedemwaf erm antkit r apezoddgrg ndieng edges of the

bonded f to inhibit del i ti t he bonded f ) 014] Var i
o e R U e A e ST 1 e i e e ed

aspects. &Hurtdhei-deatidiesstmy & &0 bernd Ncorporated e thel ahavesdent i oned
aspects as well. These refinenments and additional features may exi st
i ndi vi dual?sRlrteh verie Corhi et i oh. 2 Forrfarst et et e add v et ur es

di scussed. i iQ ggy - illustr e i frents may be

i ncor porgltrgﬁjjﬁ%‘étéopavia?%’ taﬂheCE g%o ee-égjels%ﬁerblerldﬁlgz eegc%fe,ds acf%c))gg{%‘rs in any

conbi nat i sl 1 BRI -Emn -OESCRI RTd O Qe THE DRAW NGS [ 0015] Fi gures 1A-5D are side
vi ews showi ng prior art nethods of making an SO wafer. [0016]Figure 6 is a

fl har howi n f nuf ri n fer in n
owena t sho 9 a{&g%yfd ° I{mgéﬁfﬁnégogﬁ%fiaé%%cg%iéame(ﬁggc¥og to one
enbodi nment .
manufacturing a bonded wafer comprises depositing an oxide
layer on a front surface of an active wafer, bonding the
active wafer to a substrate wafer to form the bonded
wafer, heat treating the bonded wafer, grinding a surface

of the bonded wafer, and trapezoid grinding edges of the

bonded wafer to inhibit delamination of the bonded 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/ 014136PCT/ 1B2011/ 053281 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 gmoeoR/i1s13a fl owmchart showi ng a net hod of nanuf actraBimyosmasiSO

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 tridpezol d griffiiRs step/t (DR MPFEAR s & side view of

an SO 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



wafer aligned with a groove of the grinding wheel of Figure 10.

[0022] Figure 13 is an enlarged view of an SO wafer after trapezoid

gri ndi ng.wpQoR23ajiFise fi gures are not to scale, and porti ®as/iRzea1/e3sesr ged f or
illustrative purposes. Correspondi ng 7eference characters indicate
correspondi ng parts throughout the figures. DETAILED DESCRI PTI ON

[ 0024] Referring now to Figure 6 and to 7A- 7E, a nethod 100 of

manuf act Wiy or  frodedsi iy &l hondeP Weterd (faf ey matidatss Wi,

silicon-ong4psyl ator, s}gl%giq;%hip;dseﬁﬁ]cg@g%& is shown. An active wafer 101

and a substrate wafer 103, su ose shown in Fig 7A, are conventional
WD 2012/ 014136PCT/ 1B2011/ 053281 7
[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.



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 siwglei2xnystal sem conductor nmaterial suitable fecTaB®ii/ns3ast 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 thereofl04'n one Rdsodhi shta9aHe Maflers: 101,°408 & el ivade of

si | con. {0026]A | ayer. ol x| da,d 5, ep0si {ed. 102 on the' {7 ant; surface o

[
the active ation is typically performed in a vertical furnace,
e. g. comerciainsd avaid abdrerANSADR 1 ThecH rrontaeafaces ofside avafer is then

bonded 104 to the front surface of the substrate wafer tq form a bonded
waf er 105 @& Showt i H Fi g .%ﬁ%i%@l%a%t%ba%eﬂao% r?éus? ﬁjea%% ent i onal
hydr ophi 3£ onidinal 1 oCeSshAISi g o tr@d sueh assModal1 PV 881 .+ om EV

G oup of Austria. Heat treatnent 106 is suitably perfornmed in an electric
oven (suchi@s RRdetnBlUeC™ FroH TRS bicPeihyly |uwaiid)a to- s Fediihen t he

bond. The jpext step, Ay ' rindi . 01S: rthrg;a i bed bel ow with
ref erence to]I F?SgIg 7él% r%ac%eglr%;’ngjik%% 11 ,é§ % 11|4r31 |g.3§%l§)i s suitably
per f or meddauss Ing- i & ngd lei sidey gri raerh Suehf asnt nsumitkelte DRGB3hd rom Di sco
Cor poration of Japan. The surface grinding 110 suitab i nc] udes rough
01 i ng 'St HHESES | TEThr | e . L Fough g et S sty
performed usinga H0Qdmsh die 20: 30 nioF oSy grddy Si e, pAnthdddes grindi ng
is 3000 nesh and grit size of 2-6 mcrons. WO 2012/014136PCT/1B2011/053281
8 [0027] Ref@&r rasgt agaias s Kl ral; i@t iqgntd12nd 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



is next perforned on the bonded wafer 105, and is suitably perforned in a
conventional etching apparatus using an al kali etchant, though an acid

et chant &Y 2012904136 used. Polishing 114 is then perfor mpdTaRzhii/gs3zsui t ably a
singl e-side polishing on front surface 105F using a Strasbaugh Mark 9-K

Al ternatively, the polishing 114 may be a doubl e-si de polishing of both the
front surface 105F and back surface 105B. Finishing 116 of the bonded wafer
105 i ncl udes: i ndpectig the safebPorPatieseqied pardifet &t s, &tth as

fl at ness ; artl cnp%{g, packagi ¢ he r shipnment to
cust oner sl%p([]kokglg%]éﬁg&g%ln e ste% rﬁo%ﬁp%ur es ﬂ;gE7 and iiigé Egtcﬁjeé)fi ni shed or
bonded weaferndi0sy has e Upperd portilonthmwmyl e tawapez @ar shtapen L Mor e
specifically, the uppe ortion including the r i nder of the active |ayer
ehfer 10PiaR i ARy els S Porr iR bt The DUberr S Wt er | 5 Angl ol
at the owermpelidhendl edge pof tian socdhglethmaeieredge saithd 0 have a
trapezoid shape or a trapezoid shape in cross-section. Note the | ower
portion off ¥HelBbrited Sidfterd 10 vi#iieh Lot dsponds s ubstaEmt il 1572 o0 t he

Substrat e, el 403,104 05, snbadi eI has, Aeanventional, bewel,pr ¢ ounded

shape (broadly, a curve t 1ts outer periphera e and t’hus does
not have «. 4 r agiszoi d stapen. Thalapperhporthiornmofld hendohgech waf er 105 is

substantially. coincident with the active wafe 01 in this enbodi nent.
00207 Ref ST B 1T (. T L DA foh | Hor M SUHEE T L he Bat | ve
waf er 101is hnoughtcd nfoecont@ets wtdndhey g pdidhgmheelaehi$ ground at

an angle relative to the front surface 105F of the bonded wafer WO
2012/ 014186PCH1B2011/ 053281 9 105. The angle is suitably between about 3
and 10, and in this enbodi ment the angle is about 7. The edge grinding is

performed until the[fdbtd]re oyfrngipqué)h%,aI%kgedgseu%fsacgé ound ,as shown in

Figure 7D. The grinding elimnates any notch in the outer peripheral edge.
The grinddagivmaywsigt ablly be donenductt thatt thees |lengticlafedheoangled or
sl oped portion is between about and 1.5 e.g. about 1.25 mm Note

1 mm .5 mMm
that the HnglHeEHMP dept ¥ Yrithd i SuchP t hadlC & st I T30 of the top

bevel 119%0fd her substyat g, afefe 1031 sif emmyed dusi ngytde tnapezoid
gri ndi ng. [0p030] In 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 7DvOAbEmi4t3he edge grind is performed such that acpaBiiions3e$i t he
substrate wafer 103 is ground. [0031]®eferring 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 grindiHg32IThi s Rsierr 619 stepsi - shovth 341 Filgure 8. Agai n,
the suri age griading.of ofs My daeitde 2 Louah, ord ndli gy Sien aag) &4 | ne
grindi ng step.l%u@ﬁe ari ndll ngbfls s&g't aaﬁl y perforne llr}g% ng(jea 600 nmesh and
grit sizerd @bddin3imicy olrssiamd fiowe gre nok nigpimsar800C Megdte and grit si ze

of 2 to 6 mcrons, The surface is ground as shown in. Figure 9 and t hen
Phe- edge TRRHE GhiT v St o Heae St i T B 6 i 1 ho
edges haugyihed rapez o ch-adhape showndd gty e 2P maine 152 that

2012/ 014136PCT/ 1B2011/ 053281 10 [0032] Referring to Figures 10 and 11, a
gri ndi ng Reeled TS 1t {briozan §z o i tFaperoid- grﬁfiflcﬁgfr'ﬂg6 tFgP9dgievhe tebodi nment
is desig r. f C 1t i i .ndi The wheel
151 is agﬁg%ﬂ;%lt%&g%&ﬁr{olur% erﬁgg]oaﬁn gchéo%en\%{l ona gndéggeﬂlg?éo;]%%p%gednac ine 152
t hat per foroment hel dricipez oradf grs ndiTige Whed hi 15 enbodidentsd tdre profiling
machi ne is an STC EP- 5%0({%—0 ma ,%e adapt ed for_ 200 mm di aneter wafers.
The wheelSPE14S Mtled %r%%l ® MBZ Gt thee profiling machi ne 152.

[ 0033] The wheel 151 of this enbodinent is ring-shaped or annular and has a

central hole 154 adapied for mpuniid tiwe wheelhon dihes Oomdhe spindl e 151
of the profiling machi ne 152. The wheel 151 has a dianmeter D of 202 mmw th

a centralrHyl esltirafbt@r HDWiaB3E N & HieKness vilo0l iinadaietstheel 151

of this ephod %m- r v : V. 7/ and a
| oner gr ooveqﬁ dllrl;%itskg@d Vgr?é)e:ln %Ef@?—eee%gg“%?a ﬁlg%%ﬁéeegpﬁg tg]gT?eooves 155,
157, 159 aref gener ahd yh Vs hisped 1 Thd hitseeeimhicedi et .a Notaend that 1 hef wheel 151

may alternatively have just on roove, or practically an t her nunber of
grooves, 4 Hi ‘tHe? saco‘%)eé“d?ajt ﬁ? %i@c‘?%ttﬁ']g.mf (fbtg?ﬁq A t%g?e_nbodi ment, the
upper and.icentided s W OONVES SO, THO 4t el adapted 105 fd e aridid nghs and the

| ower groove 159 is adapted for rough grinding. Each groove suitably

i ncl udes at amyrelr griasve Hord f isneceyrtiradi rgpodicanond and ta sigeenf 2000 or
3000 nmesh_js suitabl e. For rough grindin 600 h. or, 800 ngﬁh IS
sui t abl e.grl%oevevmle%%) %??Sseiua}u?aabr?younn%edregéo gerrecf%;}at%a? Imgi/e,eolm um 'hum al | oy, or
stai nl essgisdeels 13Ut Ot e o naterdalsrArley contempddatiad.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/ 014136PCT/ 1B2011/ 053281 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 awvokotzams3el n t his enbodi nent, the slope is at @boaB20a1/d328ngl 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

trapezoi d grindi ng. [Gtheo Wi dt Fah Bt e dovel atf i thsl sy et d gt on (the top
of the gr s 1 Sr@babity & 5, M ¢ T%fe VE%MO\PJ the, %#ﬁv@f C&Hé’%dcﬂ% t he

bottom of the gr oove at a radius e groove depth GDis
about 6. Garmintaad 4 hiel gy dovtet gnoot Hep:tl‘mmmksacanbmrtts tham 140364 The wheel

151 is installed on the edge pr filing mac e such onasprndle of
the STC EP- SWJtRI%$Afatréq TWhee E?nV%Jt T &th otﬂq i%?zfn (verti cal

directi omrang di stanae: (1h.oerlmnr_t@& Hd egtion) wheidd W@aiaéjﬂ Lt&at\regqg so that
groove 155 of the wheel 151 and the bonded wafer 105 are aligned as shown

in Figure 1®t%t@rq{me%meﬁ%m@%s%%dmn ofP dfhasfubsts st siafare edge and
the bott Lﬁ”‘% féé‘e % he gri %r”cgor%ao@e’% dgp- Then,
grr nding 1S per escrl

trapezoi orne d “above. rapezoi d grrndrng can
be perfortted gddveidiherng ougipegzrmtd grooveior. fiTes gridtigradweadr both grit

grooves (first rough rit groove, then fine grit_groov ‘ﬁge grindi ng may
be perforfietlds & s]r‘h%%l dia's R it i P p otckéessgg%% ndig, for

exanpl e, N, edge Guaghit yriequ renentse [W&J%ﬁ%’é’eﬂ@é@”&ﬂ@ net hods are
applied to renove the unbonded outer peripheral parts of an active |ayer

waf er borded-on &f substrme aweftera sl eslulakoith G2 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



WD 2012/ 014136PCT/ 1B2011/ 053281 12 bonded wafer having a nore securely
bonded outer peripheral portion. In a suitable nethod, after bonding of an
active | ayenomafierssont o a support substrate and post-bordThBzti1/b338 Of t he
bonded pairs, trapezoid grinding is agplied to renove the unbonded outer
peripheral portion of the active layer wafer. An edge grinding wheel such
as wheel 151 nay be used to performthe trapezoi rinding step. Anong

ot her ad\)%f?ﬁdég%ﬂaﬁ% TFohdEd naiere arestiet hg 1 Wfﬁﬁg&}i%ts of this

di scl osulged Sl 8o il dod 0 Sl Ters e Am hatd ol Al 00834 he bonded

waf er in Its or prevents particle contam nation that m ght erw se
occur dueoff erded@m atledyambonited @ord | onsugere tthes Wrooessd devd ce | i nes of

t he waf er 3 en i ntroduci el of the present invention or the
ebodr ey THE dOrat (HE S 4 e e a5 Bl 5 are

i nt ended gﬂm_ng ﬂata}iﬁﬁr&j & Mo m%mor{dﬂ&j elefents. The terns
"conpri sing' ‘i ncludi ng" and "having" are intended to be inclusive and

mean t hatpﬁw@% Hjéf%ﬂditﬁ tdlordle el &t slafhervafrin t e 1939%d el enent s.

[ 0039] As n .t t s w t hout
departi ngé/%rﬂocgn%t?%e scope C?Iy %eqﬁ}lé\%tellgoln JIKT? k?ésoqusﬁ e&gﬁa(%ﬁgl | matter
cont ai nedchan ttiepahove gesetips |sotne;and Psﬁmvm @trhetmeacamrm;ﬁw,l nchedr aw ng[ s]
shall be interpreted as illustrative not |n th!l sense. WO
2012/014%8?5%165 1/53281 1B W@ AR NVED §hls closure

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 nethod for
substrate wafer,

manuf acturing a silicon-oninsulator structure conprising a
an active wafer, and an oxi de | ayer between the substrate

waf er andwohelzatsizée wafer, the method conprising the stepaBmfii/oizesit

treating the structure; trapezoid grixddi ng edges of the wafer; and grinding

a surface of the wafer. 2. The nmethod of claim1l wherein trapezoid

grindi ng i ncl udes i ndi ng an outer peripheral edge of the active wafer.
rERL

3. The netHod bf ¥

upper peri pheral

erein trapezoid grinding includes grinding an
edge of the substrate wafer. 4. The nmethod of claim

1 wherein trapezoi d grd gl nged NGl udes, &yl §asts tyo grdnding passes
including a first rough grinding pass and a second fine grinding pass.

5. The neltrtmdlaﬁomlaumthmrcewpnmrtq@e@dmtlgﬂmdﬂaﬂgels,te?gl|s per f or ned

after the surface r|nd|

conpri si i et'chi'fy

d of clal 1 further

hYy ﬁ‘gearn a%]eq’e bot¥C rk?%td“?% 1{}2 SUpe cacﬁﬁ)l ete.

7. The meidhod- Cﬁn@Hﬂiénaﬁ:fflufé h@rf@p,nmnélmmlmmélhﬁgvﬁ{eer after
etching the wafer. WD 2012/ 014136PCT/ 1B2011/ 053281

steps of:
heat treating the structure;
trapezoid grinding edges of the wafer; and
grinding a surface of the wafer.
2. The method of claim 1 wherein trapezoid grinding

includes grinding an outer peripheral edge of the active

wafer.

3.

The method of claim 1 wherein trapezoid grinding

includes grinding an upper peripheral edge of the

substrate wafer.

4.

The method of claim 1 wherein trapezoid grinding

includes at least two grinding passes including a first

rough grinding pass and a second fine grinding pass.

5.

The method of claim 1 wherein the trapezoid

grinding step is performed after the surface grinding

step.

6.

The method of claim 1 further comprising etching

the wafer after both grinding steps are complete.

7.

The method of claim 6 further comprising

polishing the wafer after etching the wafer.



14 8. The method of claim7 wherein the trapezoid grinding step is
performed using a grinding wheel having a groove for receiving the wafer
edge. wo 202/01436et hod for manufacturing a silicon-oniPasaBzuoossesf er
conprising a substrate wafer, an actiMe wafer, and an oxi de | ayer between
the substrate wafer and the active wafer, the nethod conprising the steps,
in order, of: bondi ng the substrate wafer and active wafer

toget her to fotm t HE'S MG ont i Histiltat or ek Heatt%aRA Y t he

si li con-qp-insul at ferier s rindi Surd h

silicon- gjnk-llr%%lﬁlf(%t%e wa Sgrg?eranodmeCg UG ac% r ap&el?gglegﬂ{gerél ng}anglne%g%s of the
silicon-omaoswt afor meferving the wifeThsdgwet hod of claim9 wherein

trapezoid grinding includes grinding an outer peripheral edge of the active

waf er . 1. The net hod. of cl ai 0 wherein trapezoid grinding
el udes grinding ah UPPSH peri gheh sl “Bdye of 1 e KBSt rite vafer.
12. The methotfr clafdn ldonshereiny t4 apezoi chigy indidyg, idclaes;at | east two

grindi ng passes including a first rough grinding pass and a second fine
grindi ng 'palsyt, and an 1@icmhel diethdb lofre? diltf 12 UriHe ot ixihg et ching

the waferyaf ter, hat h, grd nding sfeps, Ar& GO 818 the steps, in

order, of:

bonding the substrate wafer and active wafer

together to form the silicon-on-insulator wafer;
heat treating the silicon-on-insulator wafer;

grinding a surface of the silicon-on-insulator

wafer; and

trapezoid grinding edges of the silicon-on-

insulator wafer.

10. The method of claim 9 wherein trapezoid grinding
includes grinding an outer peripheral edge of the active

wafer.

11. The method of claim 10 wherein trapezoid
grinding includes grinding an upper peripheral edge of the

substrate wafer.

12. The method of claim 11 wherein trapezoid
grinding includes at least two grinding passes including a

first rough grinding pass and a second fine grinding pass.

13. The method of claim 12 further comprising

etching the wafer after both grinding steps are complete.



WO 2012/ 014136PCT/ 1B2011/ 053281 15 14. The method of claim 13
further conprising polishing the wafer after etching the wafer. 15.
The net howloab12adiaizm 14 wherein the trapezoid grindi ng strep/1B®ipesster med
using a grinding wheel having at | easts two grooves for receiving the wafer
edge. 16. The method of claim 15 wherein the substrate wafer and
active wafer are both nmade of silicon. 17. A nethod for

manuf act ur i ng & bond&d WRFErd Ohptiasimg:3 further compygiysidi ng an oxi de
| ayer on a,fraont i [ lon fer. bondi ng the active
ﬁbll nng & fgri?%€%¥ éﬁ%gﬂ%%ﬁdéda wafer

wafer to a substrate warer t ormt war er; heat treating the

bonded wafer; grinding a surface of the bonded wafer; and
15. The method of claim 14 wherein the trapezoid

grinding step is performed using a grinding wheel having

at least two grooves for receiving the wafer edge.

16. The method of claim 15 wherein the substrate

wafer and active wafer are both made of silicon.

17. A method for manufacturing a bonded wafer

comprising:

depositing an oxide layer on a front surface of

an active wafer;

bonding the active wafer to a substrate wafer to

form the bonded wafer;
heat treating the bonded wafer;
grinding a surface of the bonded wafer; and

trapezoid grinding edges of the bonded wafer to

inhibit delamination of the bonded wafer.

18. The method of claim 17 wherein trapezoid
grinding includes grinding an outer peripheral edge of the
active wafer and grinding an upper peripheral edge of the

substrate wafer.

19. The method of claim 18 wherein the trapezoid
grinding step is performed after the surface grinding step
and further comprising etching the wafer after both
grinding steps are complete, and polishing the wafer after

etching the wafer.



trapezoid grinding edges of the bonded wafer to inhibit del am nation of the

bonded waf er. 18. The nmethod of claim 17 wherein trapezoid grinding
i ncl udes woiznmgi3an out er peripheral edge of the activecrmaBsni/essdsigri ndi ng
an upper peripheral edge of the substwate wafer. 19. The met hod of

claim 18 wherein the trapezoid grinding step is perforned after the surface
grinding step and further conprising etching the wafer after both grinding
steps are conpl®t e, ThdPAISH hg™ the" wat et et K1¢hitlg tHe wafer. WO

2012/ 014]%@3(;!’ ]‘%;/%2@%_ Oi T; -hpl claim 19 wherein
each of the lacéti ve wafer an %égjndﬂea ev\%%ernscllh%%{ﬁédle (sjclﬁbon.



