WO 2012/ 014137PCT/ 1 B2011/ 053282 1 A GRINDI NG TOOL FOR TRAPEZO D GRI NDI NG OF
A WAFER FI ELD [ 0001] Thi s di sclosure relates to sem conductor and sol ar

waf ers suwb 2ap/@i#i3rcon on insulator (SO) bonded struct ecedp2anos3ng e
particularly to a grinding tool for gtinding a bonded SO wafer. BACKGROUND
[ 0002] Sem conductor wafers are generally prepared froma single crystal
ingot (e.g., a silicon in(ﬂﬁNMMiCh is sliced into individual wafers. Wile
reference will be made H’e%“ﬁ RIS %% FR (TP BRGEDS constructed from
silicon, other materials nay GRINPINE £F BeWAFERich as germanium gal lium
arsenide or other materials described below. One type of wafer is a
silicon-on-insulator (SO) wafer. An SO wafer includes a thin |ayer of
silicon (faftldetive layer) atop an insulating layer (i.e., an oxide |ayer)
which is in turn disposed on a silicon substrate. A bonded SO

sem conduct or waf erm@oﬁ typernof s SQsStdlcture 1 1,0003] Due to device w dth

shrink, power
semiconductor and solar wafers such as silicon on

insulator (SOI) bonded structures, and more particularly

to a grinding tool for grinding 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 yoO 20 1¢t3al | enge is to effectively renove the eobarziadozsaser

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. WO

2012/ 014137PCT/ 1520[101<5)fb‘5]3282 O g1 00U WAEH: et &t ut9 hg' &S0 oWeder, out er

per i pher%eﬁ%ﬁéé%g% &Jréiifkﬁéwf“@{eeféﬂ%%abfe@%%@f jegted to Ror T

chanfering, or pr of ng (as further desc ed below), 1n order to
prevent wafleredreebkagel «r dtkshantd ompardsd ct@ygeneratliiony A@so, outer

peri pher rtions of..a nded substrate have uneven thickness due to
ot er g e SR T Smedert S bt SIS i SHe. bondi ng
process, Wheoer peldphesal/ pordd o d se efdhierathoin bondesh ato@ddr and/ or

weakly bonded. Wen an active wafer thickness is reduced with processes
such as @reHdRNRE2 etRNi i Dotd shibilded csub st unboRIenP&H i on s
partially, de i tﬁ% f ) gggs bsty ri i | A hi ckness
reduci ng tpr oéc%{sgs%g egcgerwgé%r%efnlat% pa%%"s caﬁ%%o%?gcnsfﬁeoé %\{% m t hi ckness
r educt i on;hictleass g, danichgredsursmehin processes, tHhe theremwre, in devi ce
processes, the remai ni ng unbonded portion Qe}f}r%ef?el am nat ed, , whi ch causes

particl e YenetHtion Rind- s&ver®l §* Fipactst vitlel st 11"6%)/65]1 There have

been sevejadkpfidinddd. atiieipts, to-solye delamatiss Foy examde, Figures
1A- 1D show a progression of steps for bonding a substrate wafer S and an

active | ayeyh iefere 96 watth @t Herinhidd heht Chidgrd erd higt sthenedget per i pher al
portion af, 1 onded fer. Fi 1 ho the s t s at el ow t he
active | gcy%lrg]\%/a%e%&a% i gluor\@({e ﬁéBg}?Ls%rgtv\Jisﬁtjﬁ% C%:écs)lna ed’ %%)%ré&lﬁi tgquér e 1C shows
a grinderbdadpd ndiwge tdres aliieinperipherial gdgesmafs thejwalfrer s, and Figure
1D shows the conplete SO wafer W(note that the conplete wafer is further

pr ocessed): O i £ Fret ot | &° LMt R He® StBstamti Vet §n%si i arl v t hat
shown i n Japaneses Ralgnic ARP! | CALd PN N0 2 kP 8Rs ZaB84]e n ARG O d18s | dr anbacks

of this exanple, the dianeter of the wafer Wis snmaller than the standard
waf er di drmet@rsrmwhiah 1NWOI0U AASTREY 1 B20L 7053280 B 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 aswoestyilbsd above from an active |ayer wafer A anu/1B2Eubsksat 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 nethod is believed to be substantively

simlar to4Ht BHIWETH Japaiss S pamenicmpplatativh NrlhdgRme 21, This
met hod sujfi?eg.s from poor efficiency. [0007]1In 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 3BIAGo¥ i gurlen 3qother toplt surdecexdfnp e Yorwed ' sAO  waf er

Wis ground to renpve the | edge nd t he conplete wafer is shgwn, in
Figure 3D." reesuﬁ%%n ed apobrcfrllcgencjlo th“éa%aecﬁi@elr%pagoerrmev\\%fae% C%l:eaSnC]f Cijeerdeafter be
ground dowbvelhf:Sonreihattdisvdeld pwedrd e ben sthstadunved ya1sd mdagr t o t hat
shown in Japanese Patent Application No. 1992-85827. [0008]In prior art
Figure 4A - aBoriteS@I9RT et WISt med HHeset i bt Hbove T4lom an acti ve

layer wafgr.ifA gnd atk?éjt@{‘{]ﬂée waf er e%ic%é M, 1 Gt eaé&ﬁvé he.actiye wafer Alis

ground at 1ts upper peripheral edge Eto formthe ledge L shown in Figure
4C. To comtwie ¢hle wafteroprocessimng of & gures 4k tsel eciiaemetahi ng,

POl S o0 o1, LAC (PVS01B. 201 1 o0 ot cal SLe ool pgocpses are usec
layer wafeiai\ sildis iethashdssdebd eved A9 be-sihst a | vedgo-simidar. to that
shown in WO 2012/ 014137PCT/ 1B2011/ 053282 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/as7acti ve | ayer wafer A includes a grooreTRBioor/n®sds2 n 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 A HeE rP byS +ret st divoe. "HFIF Gur@ SEPYF 1R M IS hetf or med on
waf er A on the opposite éérgeb%]rsoggrg he  gro Leeb& dhe unhonded portion of the
outer peripheral portion of the waf'er A can be rermved after grinding the
waf er to predetler monedl ¢tte ckalesis, as shown in the conpl ete wafer W of
Figure 5D. [0010] There remains an unfulfilled need for a wafer surface
treat ment net hod anﬂO fer fhatraddress thre déﬁadthant ages, of current
met hods of preventing del am nat i'on Of The ‘outerc pati phir at porti on of an
active | ayefe0fwar dorreith Studied Lﬁe;chzR}eEFRSiMM {001 I owne aspect, a
grinding tool for trape20|d grinding of a wafer on a rof|I|n rrachl ne
conpr i sesSWnt HfhR B WHeR I PIHE i ngf e et Y e ol er d fgunt i ng

the wheel,;on g,spinde.., fberv@elef{ # NGl udes, at @%tmé%cgrl%oves di sposed at

an outer edge of the mhee and the grooves are sized recei ving an outer
edge of thwel wafet .tAtbd easts toaet iofe tshes griolovest ¢ stredaptted f arn rigigh

gri ndi ng f ot waf er e r of the grooves is adapted for
e or DT TR oA he, S 6t 25 001 (LA ST PCT B0 | G 5 he
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 grinding tool for
trapezoid grinding of a wafer on a profiling machine
comprises an annular wheel including a central hole
adapted for mounting the wheel on a spindle. The wheel
includes at least two grooves disposed at an outer edge of
the wheel and the grooves are sized for receiving an outer
edge of the wafer. At least one of the grooves is adapted
for rough grinding of the wafer. At least one other of

the grooves is adapted for fine grinding of the wafer.



[0012] I n anot her aspect, the wheel of the grinding tool includes three or
nore grooves di sposed at an outer edge of the wheel and the grooves and

si zed forwoeoeio1#rsg an outer edge of the wafer. At | eas®ConB20i/0ig gr ooves
is adapted for rough grinding of the wafer and at | east one other of the
grooves is adapted for fine grinding of the wafer. Each groove is sized and
shaped so that only the upper peripheral edge of the wafer is ground.

[0013]In still anot ¥t dspectl’ Rt FRYOY- fioi griarii iy of'a wafer on a
profili n%m&f Wfﬂm@% anpul ar, wheel o %é’\%é’gdfs gale hole
noun el on a spindle. e

adapted for i ng the whe wheel 1ncludes three or
nore grocvesowisposere atf arhouttere ledyel ofhe heraviesd amtl sheeriooves are

sized for_receiving an outer edge of the fer. roove i s far rough

o1 ndli g ST AR S e TEatT (A grbaves 4o THAST 19 g ddihg of the
waf er. Eaghb @rooves hasad a4 shaperduyicrassndadd ion o st st zatdired ative to
the wafer so that only the upper peripheral edge of the wafer is ground.

[ 0014] VariAmst rets remsit Cextisd DfoRs fleatagartefbtedr ihin®l ation to the

above-meny . aned, aspects, LT Legt ures my; Ae0 e 1neanpgial g, in the

above- nmenti oned aspects as we ese refi nenments an eat ures
may exi stthaxdionldualley wrpd n @yl wond hatdon.ofForhe nedfancel s vari ous
features discussed belowin relation to any of the illustrated enbodi nents
may be i rn€ot ated into any of the above-described aspects, alone or in
any conbination. WD 2012/014137PCT/ 1B2011/053282 6 BRI EF DESCRI PTI ON OF

THE DRAW NGS [0015] Ri@utes 1ASDR@arel sdrte-nd eWss oW g grinding
tool for grinding of a wafer on a profiling machine
comprises an annular wheel including a central hole
adapted for mounting the wheel on a spindle. The wheel
includes three or more grooves disposed at an outer edge
of the wheel and the grooves are sized for receiving an
outer edge of the wafer. One groove is for rough grinding
of the wafer and at least two grooves are for fine
grinding of the wafer. Each groove has a V-shape in cross-
section and is sized relative to the wafer so that only

the upper peripheral edge of the wafer is ground.

[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.



prior art nmethods of making an SO wafer. [0016] Figure 6 is a flowhart
showi ng a net hod of manufacturing an SO wafer according to one enbodi nent.
[ 0017] Fi gmi0e812MA4IBE are a progressi on of side views showRCmgBzagpesss of the
met hod of manufacturing of Figure 6. p0O018]Figure 8 is a flowhart show ng
a nmet hod of manufacturing an SO wafer according to another enbodi nent.
[ 0019] Figures 9A-9D are a progression of side views show ng aspects of the

met hod of SiHufldctUri Mgt O & gurfe RATHEID] Fi gures 10 and 11 show a

gri ndi ng wheel of one enbodiment for perform ng a trapezoid grinding step.
[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.

[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.



[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 20r24peB0i d gri ndi ng. [ 0023] The figures are neCTiB2dC633Rs2 and
portions are enlarged for illustrative purposes. Corresponding reference
characters indicate corresponding parts throughout the figures. WD
2012/ 014137PCT/ 1B2011/ 053282 7 DETAI LED DESCRI PTI ON [ 0024] Referring now to
Figure 6 R ild 7 RESCRIPTION
[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

wafers. Both have mirror-polished front surfaces 101F,

103F and are relatively defect-free.

[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



7E, a nmethod 100 of manufacturing or processing a bonded wafer
(alternatively, a silicon-on-insulator structure or SO wafer) is shown. An
active waveno4snd a substrate wafer 103, such as thoPeTARAWN0F3R8Hi g 7A,
are conventional wafers. Both have mBror-polished front surfaces 101F,
103F and are relatively defect-free. [0025] Active wafer 101 and substrate
wafer 103 may be any single crystal sem conductor material suitable for use

in an SOO°it QR:%rhfe Theh gererat , I v er S0 nay! 58> conpusBisT & materi al
sel ected fromthe qquo s%é}?'aﬁjidgog ofnsidigom,gerymni um, | i um arseni de,
silicon germanium galliummnitride, alum num ni r| de phosphor ous, sapphire
and conbigratnainss tihereoftaldy qrmriéwbmti rr&nltr;g tc’he6@/(hfmssh QL h 103-Hr e nade
of silicon. [0026] A | ayer of o e is de ted gq efr nt surface of
Che act | VEESREE 00 dkion T8 1y Mot S patd aret b e VoriThai = or nace,
e.g. conmer£d add yzaglahilcalbiresﬁ\woo The front surface of the wafer is then
bonded 104 to the front surface of the substrate wafer to form a bonded

waf er 105 as shown |n Fig 7B. Bonding can be perforned in a conventional
hydr ophi | i ¢ bondi ngl Ptotless REIRF B 1DAISkicH s Mbdet: BAD 85D From EV

Group of @%é)&@é}ﬁﬁ%ﬂ&&?%%@ 106, d &y %E@P'J}’O@erérﬁi med 4.y an, g ectric

oven (such as no ue Mtrom TPS of Pennsylvania) to strengthen the
bond. The prexftostep, it rapezoichgrimadl g 08 g safpartdiers d%mq bed bel ow with
reference to 7C. _Surface grindi wn in F| is, suitably

per f or rreaa]d%%]rfggeatcsl? e $i4e r""i‘rhaaecflgd s%%@%&ol%iﬁoad]esl Iﬁf(-}%%%jf rom Di sco
Cor por at i 1 1 A 29 12/ O 14 3ARGT /1 JB20 053282 & ofudapsny, dheisard-ace

grinding 110 suitably includes a rough grinding step and a fine grinding

step. RougH Qrie i Ay 1% ity per %ﬁ@réepij%lkr@lfw 600° et aidth 20- 30
m crons size of 2-6
m crons. qféd%)kZ% égf erri ngfg%ta%éltqgl %é Spﬁ lh@%g 113“59} de 84 2

double-side polishing of both the front surface 105F and

back surface 105B. Finishing 116 of the bonded wafer 105
includes inspecting the wafer for all required parameters,
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



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 maQ 2812904132 used. Polishing 114 is then perfor medTaARZD11/853382 t ably a
si ngl 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 utEsS i Hspett Bhg e Wiy ol atlte rastfui fed st aneter’s? Such as

fl at ness %M%ﬂﬁcl e count, and then packaging the wafer for shipnent to
028] As

custonmers. |0 "can be seen fromFigures 7E and 13, the finished or

bonded wafer 105 has an upper portion having a trapezoid shape. Mre

specifically, the upp&tlportimidmecingiagpithet s eémed Nnd&d, ofn thetaacti ve | ayer
wafer 101 and .a relatively small_ portion of t substrate wafer is angled
at the OLReerrlpp%erri%heer%ee%%etr%eor%itolnvesow dt the lv\%?berroq(ﬁq%alindtcfo have a

t rapezoi ccehape: ofith titaperoitd shapmddl dossrsegitd o Notan theylower
portion of the bonded wafer 105 (which corre%[ponds substantially to the
subst r at eF e lerVaL0 i 1 hi SoenbBdh et )1 s &f doHv i Bifal"dlevdel or rounded

shape (broadl y,;a. curyed shage). Al § tso Q8! peripher al, edgs and, ¢ hus does

not have a trapezoid shape. The upper portion of the bonded wafer 105 is
WO 2012/ 0ilr} 13VIRCHIBRDId 1053282 shslbstambalt y7 toi Mieenigan th the active
wafer 101 in this enbodi nent 'd[002'9ﬂ Referri n.qbagai nto Fig. 7Cl an outer
peri pheral® DT HEBSHIVE Wit et 107 i S b Bught“$nts At with the
gri ndi ng sdeel i angr-dsngrounch @n am angherd ef@t ime to-the dg ont surface 105F
of the bonded wafer 105. The angle is suitably between about 3 and 10, and
in this enodimams tHy i@ i) absuto Tt e TR edyee G b rilgRy i sTiper f or ned
until the entir r i r i round hgz@ i i e 7D. The
grindi ng %ﬁell%nai{lnrg% gtgigni/bplﬁ%t C ikr?é tcﬁé;rgeguétlzcrkgperl ph%?ealSl e geﬂ rblfr?e&gggri ndi ng
may suit ablyldre donel suh gdatidrhel 4 engtveaf ddmweatanglmed ard sl dpedn,porti on
is between about 1 mmand 1.5 nm e.g. ahout 1.25 te that the angle
and deptIF 61~ GHITHE | & SUCH'T hAlC U Gl D0F (HBH 2 The TR tevel 130 of ¢ he
substr at %M&fisl%dﬁ freovedsghiri N thesd rapezad d g igdidg. 1 {9H030] I n
Figure 7C, the surface of the active wafer 101 is ground until it has a

t hi cknesstiof «AGstBR YR crors; 1683 showenav e glitiel TRD, tiNpt ter arre @ ¥dpezoi d

shape of Oéplen \ctive wafer 101 in Figure 7D. Also, the edge grind is
per formed suc ‘that a portion of the substrate wafer 103 is ground.

[0030] In Figure 7C, the surface of the
active wafer 101 is ground until it has a thickness of 40-
50 micronsg, as shown in Figure 7D. Note the trapezoid
shape of the active wafer 101 in Figure 7D. Also, 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



[0031] Referring to Figures 8 and 9A-9D, the grinding steps are reversed as
conpared to that of Figures 6 and 7A-7D. In other words, the surface of the
active wavero4i33 ground first, before the trapezoid gcrns2mgos3z$y s or der
of steps is shown in Figure 8. Again,10t he surface grinding step may include
a rough grinding step and a fine grinding step. Rough grinding is suitably
performed using a 600 nesh and grit size of 20 to 30 WO ,

2012/ 014 FBFPCIFABZ01 /0532 82 T i T rions3 O Hhd 9 §ther it | Fichi 'hg® 1% 3000 mesh and

grit size ofg2,{0 & dm Crﬂ[@-gﬂ%é@f@%é&nc@%@%% shown 4,n-Figure 9B,
and then the edge of the active wafer 101 1s next ground in Figure 9C until
t he edgesSthavend hehdnr apez gdbs hapettshoawtive Figige 90 {0082{tReferring to

Figures 10 and, 11, a gri ndi eel 151 (broadl trapezoi d grinding
tool ) of %Oeuréqrbjorbi%eﬁir? Séﬁg’sl? dForethe gbar‘%/éor %ctepadcfezt%ecgt rapezoi d
grindi ng e Theowheel HbShiids @sapted to be nounted on a conventional edge
profiling machine 152 that perforns the trapezoid grinding. In this

enbodi ment, the profiling machine is an STC EP-5800RHO machi ne adapted for
200 mm di anet er waf #&32The Wielgtr 1519 i '° rfotfit’erP o &#&Pihdl € 153 of the

profiling, machine taz i [Q033]he, yheel, 151,00, 1 s ermodigrentois o
ri ng-shaped or annular and has a central hol e 154 adapted for nounting the
wheel on drie ommddenaspi nd eldSilgrofd tier priof ipe nip mechiceo 15he The wheel 151

h di t D of 202, i tral hole di HD of .30 d
Ui chnesa GIE 20 HinS THE Wieel U1 B (HFLe bl Horte FA< b Uger o oove

155, a ceMudegraove diakand ehd ovweiggrpeaye 1:5% disposed a2 athouter edge
of the wheel. The tﬂ%;)oves 155, 157, 159 are generally V-shaped in this
enmbodi neriter Iutmes t THRPSHee] ABMGEYT al tier idtd v e araveeusttishe groove,

or practi ) r ) 00V kA hi he s S
di scl osur%ﬂ%%%%%lﬁgﬁ%@gggﬁ ﬁgeTnC?,EOE?hbgggouop%%ér mé%d{lrc}genta(r%%f)&ge?%of\/é}s 155,
157 are adaptred dirmdtiare wpigwh ng, Trandvtideel | loweri groovec b sa adapt ed for

O Ok S ED B VS Syl htes diamond orits. For fine
[0033] The wheel 151 of this embodiment is
ring-shaped or annular and has a central hole 154 adapted
for mounting the wheel on the on the spindle 151 of the
profiling machine 152. The wheel 151 has a diameter D of
202 mm with a central hole diameter HD of 30 mm and
thickness of 20 mm. The wheel 151 of this embodiment has
an upper groove 155, a central groove 157 and a lower
groove 159 disposed at an outer edge of the wheel. The
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



WD 2012/ 014137PCT/ 1B2011/ 053282 11 suitable. For rough grinding, 600 nmesh
or 800 nesh is suitable. The wheel 151 is suitably made of netal all oy,

al um numwaibI2012/01er37st ai nl ess steel, though ot her nateri CI/1R2081/053282
contenpl ated. [0035] Each groove wall ©Wf this enbodi ment slopes froma
bottom of the groove to a top of the groove and has a flat bottom In this

enbodi nent, the slope is at about a 70 angle. The width of the bottom of
the groovdi@Rlout M08 MAFDrI s it h & borrdy Wafdto H%ﬁ/fikhglsa t ot al

thi ckness, of . about 200 mmcsE that; 4 he, substy atesvaf er,ar, bach

(ajé: rface of
the wafer i's not in contact with the groove during trapezoid grindi ng. The
wi dt h of aaothirgmooviel &, idis siaeste pordtiaml ( ttheougdp afhdhengreonve)s i s about
3.5 mm The wall, of the groove curves into the bottom of the groove at a
radi us of®Ebout™ e Cg‘he groove depth GD is about 6.0 nm and the groove
root depth RDis about 8 0 nm [0036] The wheel 151 is installed on the edge

profiling machine 1535uch asa@n grspiddiel Dfot hen iSTEMRRGEMNRHO. Af t er
wheel installation, spindle height (vertical direction) and distance
(hori zont&ORRT eféfc?%rﬂ R ey ddfUstEP VS o ¢ Hatt gt NS5 G0 the wheel

151 and the, bonded mafer, J05,are gl igned as shohd n HOw e J2.; Note that

the outernpst portion of substrate wafer edge and t’he bottom surface are
not in contadtowii th thengliadi Mthgrooite 1565, thl'dﬂémtttcrmgefzdﬂcb grinding is
per for rred as_ descr |nd| n, be perforned with

i hed abov ezoi d
B hor TSt T SR o ARSI SN R B RSV T et
rough grid ww%hia@més nNer Hudugrony e, The grdnding dmysthesperformed as

a WD 2012/014137PCT/ 1B2011/ 053282 12
wafer or back surface of the wafer is not in contact with
the groove during trapezoid grinding. The width of each
groove at its widest portion (the top of the groove) is
about 3.5 mm. The wall of the groove curves into the
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 nmultiple pass process, depending, for exanple, on edge
quality requirenents. [0037] The above exanple nethods are applied to renove
t he unbormledotutier37peri pheral parts of an active | ayer waffaB2ionisesk on a
substrate wafer. This results in a borrded wafer having a nore securely
bonded outer peripheral portion. In a suitable nethod, after bonding of an
active layer wafer onto a support substrate and post-bond heat treat of the

bonded pai¥Ile Rz WHind iy RS appIIRF 0 FEve i%e titbonded out er
peripheral, parid on, of . fhe actime, |aver; wajsl.s An edge grinding wheel such

as wheel 151 may be used to performthe trapezoid grinding step. Anpbng
ot her advant ages, the bonded wafer according to enbodinents of this
di sclosure is less l0kElly to B farodelarmmatd ore thAdts td onadyd iedhe bonded

waf er i I’lhcl bits or pr eventl;sonrgc?er&l cl.e cant am.nation trhaasg m gaht ot herw se

occur due ¥ o ¥l Ahi nat ed “UHboHded Por thone B the Br'ocess/Hevice 15 nes of

t he waf erla {033 Mhendiddddiuci ng el eieds wirdhe presemdsdinventi an or the
enbodi ment (s) thereof, the articles "a", "an", "the" and "said" are
i nt ended Y GRGAT TR RS &t dOffe BICHoH e dTordRd tErdnts. The terns

" compri siggrspnd el ylingloand fihaying': avk indanded 1o de daelugd ve and
mean that there may be additional elenents other than the listed el enents.
[ 0039] As avardarousc thangesycouaf dxe arade 4 nsurde ath owed conste uotd ons wi t hout

departing fromthe scope of the_inventio it is intended that all matter
cont ai ned 1T THEGHIVE. deSttt pLi o Gt SHrsrPd I The- SCchyi ng dr awi ngl s]
shal | be gntredpieted asoiidustd atdveranthdatnddhded ididdng sense. WO
2012/ 014137PCT/ 1B2011/ 053282 13 WHAT IS CLAIMED | S:

peripheral portion of the active layer wafer. An edge

grinding wheel such as wheel 151 may be used to perform

the trapezoid grinding step. Among other advantages, the

bonded 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. Agrinding tool for trapezoid grinding of a wafer on a profiling

machi ne, the tool conprising: an annul ar wheel including a central

hol e adapwecofam4rsounti ng t he wheel on a spindl e, PChaBrheed32sncl udi ng
at | east two grooves disposed at an owter edge of the wheel, the grooves
sized for receiving an outer edge of the wafer, at | east one of the
grooves adapted for rou Squ ndi ng of the wafer, at | east one ot her
of the gr “eslsad%ﬁﬁ@@[?o? fine grinding of the wafer. 2. The

grinding tool of claiml wherein each groove is angled such that an upper

peripheral edge of 4:heyafercds gﬂ’&}l“@ré’g@z&%t tn@iﬂfw Perd pheral edge
of the wafer is not” groun . The grinding tool of claim2 wherein

t he groova haseart ahnigle et wieen, aﬂ:fmjttCBDJamjDHMJawdl@merel n the groove has a
flat bottomso that only the upper peri pheral edge of the vvaf er i s ground.

4. The gri ndi ng, t og{ loa{‘]i cl V%Hﬁrcﬁl eac@erg:;ﬁrroolveh aa &?pﬁof n
o) o Iy edge

Cross-section size er periphera he wafer is
ground. mountirbhy the @fééﬂdld‘rg d ogpirafle) aim 1 wherein the at | east two
grooves are disposed adjacent one another so that the wafer can be readily
noved from gr ocQ/e to groove. WO 2012/014137PCT/ 1B2011/ 053282
wheel 1ncluding at least two grooves disposed at
an outer edge of the wheel, the grooves sized for

receiving an outer edge of the wafer,

at least one of the grooves adapted for rough

grinding of the wafer,

at least one other of the grooves adapted for fine

grinding of the wafer.

2. The grinding tool of claim 1 wherein each groove
is angled such that an upper peripheral edge of the wafer
is ground and so that a lower peripheral edge of the wafer

is not ground.

3. The grinding tool of claim 2 wherein the groove
has an angle between about 3° and 10° and wherein the
groove has a flat bottom so that only the upper peripheral

edge of the wafer is ground.

4. The grinding tool of claim 2 wherein each groove
has a V-shape in cross-section sized so that only the

upper peripheral edge of the wafer is ground.

5. The grinding tool of claim 1 wherein the at least
two grooves are disposed adjacent one another so that the

wafer can be readily moved from groove to groove.



14 6. The grinding tool of claim1l wherein the groove for rough
grinding has a dianond grit size of about 600 to about 800 nesh, and the
groove fowof2oreigrsrndi ng has a dianond grit size of aboeCTABDA1/HE328boUt
3000 nesh. 7. The grinding tool4 of claim1 wherein the wheel

i ncludes two grooves for fine grinding and one groove for rough grinding.
8. Agrinding tool for grinding of a wafer on a profiling nmachine, the tool

conprising: ~ ©- Hif dinulEmDhEt! it uki iy T T dl Het et ed for
mounting ghe B’E@ng%{at&ﬁ;ir?dﬁ% ndle, diam%rgi‘sa%%eeéii@%fjdékg%ﬁ h&s Q) nore

grooves di spose n outer edge of t the grooves sized ftor
recei vi nplam ot & retije, afnd hehavaferqve for fatnd eastndiney dfag he grooves

adapted for rough grinding of the t t one other of the

gr ooves a%aad?oe‘Hgf tfi%er%rcf%oﬁi%f%?gﬁpe %faekﬁ?uafangcpe&s mesnr1=,~'ach groove sized
and shaped so that only the upper peripheral edge of the wafer is ground.

9. The grinding. t ome ofricl@ing & odieref nceaah gramseis anglwdtsuch that an
upper peripheral edge of the wafer is ground and so that a | ower peripheral
edge of tH&E IR §v° mptogivuner fine gnimdiyke &4 Mith@ivoIe ofotlaim 9
wherein the, gropve, has, an angle of about 7 and wherein the groove has a
flat

8. A grinding tool for grinding of a wafer on a

profiling machine, the tool comprising:

an annular wheel including a central hole adapted for

mounting the wheel on a spindle,

the wheel including three or more grooves disposed at
an outer edge of the wheel, the grooves sized for

receiving an outer edge of the wafer,

at least one of the grooves adapted for rough

grinding of the wafer,

at least one other of the grooves adapted for fine

grinding of the wafer, and

each groove sized and shaped so that only the upper

peripheral edge of the wafer is ground.

9. The grinding tool of claim 8 wherein each groove
is angled such that an upper peripheral edge of the wafer
is ground and so that a lower peripheral edge of the wafer

is not ground.

10. The grinding tool of claim 9 wherein the groove

has an angle of about 7° and wherein the groove has a flat



WO 2012/ 014137PCT/ 1B2011/ 053282 15 bottom so that only the upper peripheral
edge of the wafer is ground. 11. The grinding tool of claim10
wher ei n esiolrograemse has a V-shape in cross-section. PCT/IBD11/033e8Qr i ndi ng
tool of claim 11l wherein the grooves ®re di sposed adj acent one another so

that the wafer can be quickly noved from groove to groove.

13. The

grinding tool of claiml wherein the groove for rou%h grinding has a
t

di amond dr3Et &R 2° ofhadbdtitl 606 ¢ G RRBUtP VO s,

He groo@&tsor fine

grinding has;a,di@anmond grit size of about 2000 to about 3000 mesh.
14. The grinding tool of claim13 wherein the wheel includes two grooves

for fine grinding and one groove for rough grinding.

15. A grinding

tool for grindilhg Bfe aywaf@mone prof idliaign nde hitrese ttheea@ol 9o i si ng:

an annul ar_ whe i.ncludi ng a central.
a spi ndl gh,as & e\}_%kh"jéoe\/\/nlene?CriOnScﬁ_uSoleicatl

hol e adapted for nounting the wheel on
hg Three or nmore grooves di sposed at an

outer edge of the wheel, the grooves sized for receiving an outer edge of

t he waf er, 12. The grinding tool of claim 11 wherein the

grooves are disposed adjacent one another so that the

wafer can be quickly moved from groove to groove.

13. The grinding tool of claim 1 wherein the groove

for rough grinding has a diamond grit size of about 600 to

about 800 mesh, and the groove for fine grinding has a

diamond grit size of about 2000 to about 3000 mesh.

14. The grinding tool of claim 13 wherein the wheel

includes two grooves for fine grinding and one groove for

rough grinding.

15. A grinding tool for grinding of a wafer on a

profiling machine, the tool comprising:

an annular wheel including a central hole adapted for

mounting the wheel on a spindle,

the wheel including three or more grooves disposed at

an outer edge of the wheel, the grooves sized for

receiving an outer edge of the wafer,

one groove for rough grinding of the wafer,

at least two grooves for fine grinding of the wafer,

and

each groove having a V-shape in cross-section and

sized relative to the wafer so that only the upper

peripheral edge of the wafer is ground.



one groove for rough grinding of the wafer, at |east two grooves for fine
grinding of the wafer, and each groove having a V-shape in

Cross- secwpani2zandi3gi zed relative to the wafer so that oRCY/IBIva1/0§3pexr

peri pheral edge of the wafer is ground. WO 2012/014137PCT/ 1B2011/053282 16
16. The grinding tool of claim15 wherein the groove has an angl e of about
7 and wherein the groove is a flat bottoned V-shape so that only the upper
peripheral edge® of TiheI et ®rRg stfplouid.claim 15 mhermd i P ¥ool  of

cl ai m 16 whergi n,the, grpoyes, are dizposed-adj agenty . ang anot hers 8o that the

waf er can be quickly noved from groove to groove. 18. The grinding

t ool of diatimuied wherleipe tdre tgradoven forthreoughpar vl nghdresl edianphd grit
si ze of %5$Ut 600 to about 800 nmesh, and the groove for fine grinding has a
di anond ¢rit "§7€" of° aboutt™ 2000 to about 3000 nesh.

17. The grinding tool of claim 16 wherein the
grooves are disposed adjacent one another so that the

wafer can be quickly moved from groove to groove.

18. The grinding tool of claim 17 wherein the groove
for rough grinding has a diamond grit size of about 600 to
about 800 mesh, and the groove for fine grinding has a

diamond grit size of about 2000 to about 3000 mesh.



