WO 2006/ 048230 PCT/ EP2005/ 011671 | NCREASI NG DI E STRENGTH BY ETCHI NG DURI NG
OR AFTER DICING This invention relates to increasing die strength by

etching during or after dicing a sem conductor wafer. 5 Etching of
senmi conduct $05208¢/48238s silicon with spontaneous et chant sSPEHEPIABHASTN t h a

hi gh etch selecti v 0 Welg! ing. or encapsul ation | ayers
used in the sem co‘m&éﬁﬁﬁﬁ}&é%ﬁ&ﬁgﬁﬁﬂ%&G&Eﬁgﬁgﬁ%AET%%
under st ood etchants which etch without ipee for an external energy source
such as electricity, kinetic energy or thermal activation. Such etching is
exotherni ¢ so 10 t ha; (TRl & 18R RI15LYs toSndrBlsRBIRuBHEN DY etdhthg RARE PR AN 1S
used to break and ref (l)rm ilnt er-ast on‘Iilé go ds of %ﬂﬁe%greeactg;nts.EOUSSBGA%,074
di scl oses a net hing#é sehicondgctar wefsri conduct or wafer part way through with a

saw, |aser or nasked etch froman wupper side of the wafer to form grooves
at | east as deep as Ewhingrofreeiondicoknesdh apsilidire with fpentnequs| etthadtsfisom t he

waf er. A backside of the fer, opposed to the 15 upper. side, is dry etched,
for exanple wit Wna‘?"%bé %}Hett?hﬁggg%‘ﬂ?yetopar %}%&%Pgﬁg@mg’@éﬁmwglﬁn 'poi nt

at which the gragues usdd it XROS&RichrRIuERFONAIsHRANBY SspRffdnedu@SsttiaaRt will eSS from
sidewal I s and bottom edges and corners of the die, resulting in rounded
edges and cor nerudersioed gichpity which etshedthoyica negyd dor ansextgmal energpspyreasugh, s
used after grooyj . . i . e j i ring

et ching 20 and t%%%rc o@letg’t lﬁ%%mglf%ﬁ)lr&?%ﬁ%ﬂ&%lﬁ@@b%ucz{u‘lf}&aﬂclgwo&ﬁe \‘/:v(ag*Lj er from
et chant passiong thitmiaegherpiés gleamedatiringiohwareadtion ititanois degd tocbredkcdndfreformt he

backsi de of the wafer it is necessary t t .the wafer, 1 f.or
exanpl e, a'vorte‘&teﬁ%tﬁmt‘:%h‘?‘gélo? E%c,t%’_éﬁ"ti@rg_’% |41§°1?sﬁ%a”ﬁeﬁ]f%ir§%?‘P%Ee, in
order to etch thgmyh@ictdrWiphrORBPGkbRhSIifLa Edvd Tadeh8F ndabi@M etcdOiriiagh t he
wafer is grooved. It is an object of the present invention at |least to

amel i orate the afPperesids of the Wafar do frmgerpeves ablepitias deen as annateadet] thigknessa fir st
e hcine PIShi o SIMERILED SbCHE i PAOASS B nUShEK! oBlost 1 8. @
sem conduct or wafrer having-an active l'ayer conprising the S0P eps of

mount i ng t helSsenipparsidecisaitry ehel; farrxanplamithen awhdsphériveprassite\pdashayeath ofway

fromthe carrier;_at |east, parti.al.l di ci ng the sem .conductor wafer Qn the
CF,, past a pomP at whz%ch ¥he groove% are exposed to remove damage an8

resultant stress from sidewalls and bottom edges and corners of the die, resulting
in rounded edges and corners. Preferably a protective layer, such as a polyimide,
is used after grooving to hold the die together after singulation and during etching
20  and to protect the circuitry on the top surface of the wafer from etchant passing

through the grooves.

However, in order to etch from the backside of the wafer it is necessary to
remount the wafer, in, for example, a vortex non-contact chuck, after grooving the
upper surface, in order to etch the wafer from an opposite side from that from

25  which the wafer is grooved.

It is an object of the present invention at least to ameliorate the aforesaid

shortcoming in the prior art.

According to a first aspect of the present invention there is provided a

method of dicing a semiconductor wafer having an active layer comprising the

30 steps of: mounting the semiconductor wafer on a carrier with the active layer
away from the carrier; at least partially dicing the semiconductor wafer on the
carrier from a major surface of the semiconductor wafer to form an at least

partially diced semiconductor wafer; and etching the at least partially diced



carrier froma major surface of the sem conductor wafer to forman at |east
partially diced sem conductor wafer; and etching the at |east partially

diced 1 WO / 30 PCT/ EP2005/ 011671 sem conduct or er _on the
carrier froﬁ%’gwgé?% maj or surface with a spontaneous g\ﬁ»%hgﬁqos@dﬁpermve
sufficient sem cendemidoctormavafen an fieovaraiediflom pthedsadd dndjoonautfaee atit east

partially diced seniconductor wafer to ipprove flexural ben trengt h of
Phe dre. 5. ConveNPBITyS SHEn 1o sonpverifilas: Spurerey A drahe de

sen conduct or  Wap@Huced HORT the @leskt phriially diCedRicoAREIG WifeMBfiBbrove fek@hie! Y
t hrough the sem conductor wafer; and the step of etching the sem conductor

waf er conpri ses eandisirength efhediglt | s of the die, remaining portions of the die
bei ng masked §romt . i ti ayer
on the die. 1% Al tert%%r}v?@g@ﬁ Qﬁketg%ts %e%hg& 3@?@22{& %ar?igé fceﬁ%ﬁg%rn“\g/ﬁ?ljhe

sem conduct or waéeprisesodiping ks sepaicdridadtbywaler camplethly thenpl dreckemiiconduadrer

along dicing lanes to |eave ortiopns of sem.conductor material bridging the
di ci ng | anes; anﬁaqeﬁe“é‘fz}ff é'ieB %fi EWFW% ‘ﬁ‘ﬁeseg’é‘f?flg'ﬂ)%@u@iafﬁ' %H‘F@fse%_c?ﬁ‘ﬁ‘l‘q es

et ching sidewal | §d&¥alls her tHeCiB rdriifify RSt HiNBIdiaVEing RsRQI HofN $heOf

sem conductor material bridging the dicing lanes 15 to singulate the die.

Advant ageousl| y, $reataseavis gishanidy pertieas efthe actiye ddyer ethewligf er . Conveniently,
th t f hi i t i i i
c15tCb_cl g5 o0 o kil PO ABEBLR, LA COIR SESen SR D Yoo

di fluoride. Preferably, pont aneous

conprises 20 preonmisegpatialéy divinggthe Bamenduatod vetfehaloty tiietngskangsconidaset or
wafer within the etchi chanmper. Advant ageous]y,.the step qf etchi with
a spontaneous et RHEMRS o FRiROTNEtor e%aéwaﬂéﬂgﬁa dtcmﬁplaflgsesanﬁﬁ?isefv‘m

suppl yi ng the chapligg thef dehhiRAMIGNORAES conirEEAREIAS SidBwWAINH S¥0the ARG BN
chanber of spontaneous etchant for a plurality of 25 cycles. According to a
second aspect of andréchingawayi the portines & semicppdyglod aehtesialibridging the diranglanes f or

dicing a sem onﬁ havi ng an active |ayer conprising: carrier
means on V\Ihim(ll t éﬁ{éﬁ%"'\é@%g%u or wafer is nountable with the active
Advantageously, the semiconductor wafer is a silicon wafer.

Conveniently, the step of etching with a spontaneous etchant comprises
etching with xenon difluoride.

Preferably, the step of etching with a spontaneous etchant comprises

20 providing an etching chamber and etching the semiconductor wafer within the
etching chamber.

Advantageously, the step of etching with a spontaneous etchant within the
etching chamber comprises cyclically supplying the chamber with spontaneous
etchant and purging the etching chamber of spontaneous etchant for a plurality of

25  cycles.

According to a second aspect of the invention, there is provided a dicing
apparatus for dicing a semiconductor wafer having an active layer comprising:
carrier means on which the semiconductor wafer is mountable with the active
layer away from the carrier; laser or mechanical sawing means arranged for at

30 least partially dicing the semiconductor wafer on the carrier from a major surface
of the semiconductor wafer to form an at least partially diced semiconductor
wafer; and etching means arranged for etching the at least partially diced
semiconductor wafer on the carrier. from the said major surface with a

spontaneous etchant to remove sufficient semiconductor material from a die



/

| ayer away fromthe carrier; |aser or nechanical saw ng neans arranged for
at 30 least partially dicing the sem conductor wafer on the carrier froma

maj or surface of the sem conductor wafer to forman at |east partially
di ced seni cUWEEME230af er: and etching neans arranged fBETERFHYSHhe at

least partially Gb&Red froRThe ANEUEhMHialWadiSd seichiductR MWak&to fthpidvt Rexsal d
maj or surface wth a spontaneous etchant to renove sufficient sem conductor

mat eri al from a wnéstrenghefahodie048230 PCT/ EP2005/ 011671 produced fromthe

at least partially Qgod:SeM ﬁ{g{&g&ﬁ% ﬁ;@%‘é?{l agrfagﬁtjbdr%f ?i\éﬁlgfal i 3lafe2ENd

strength of the die. nvenreé aratus®i's arranged for
dicing a silicon wafAtvantagebusly} aheecatcting nidaes df corrangedretanstchs wathr agigad t o
etch with xenon 8 di fluoride. Preferably, the dicing apparatus further
conprises an et H 1€hanber arranged for etching the seni conductor wafer

nmounted on the carripeéfefBRNShe Widifly Dppdiftué trcited Lofdppiie hn é?élﬁﬁ%rcﬁ%bfer the
et ching chanber is arrangéd for cyclically supplying the 10 chanber with

spont aneous et c Hamngethéprpeielyng ghe semiserdvicioy veaRinbennted onsfisneagrieromsanst chant

for a plurality of,. I T?ﬁ vention will now be described, by way of
exanple, with re ghrngﬁ%ee %’gig elbgr(:corrpany'i ng drawings = which: Figure 1 is a
schematic fl ow di agiPa¢ferablya tlid etshing ndhaibereistarahgddhfori ayekeuliyosupplyingcthepr i si ng

active side di ci fallowed by spontaneoys etching; Figure 2 is a
cchematic 118 oﬁharap%mvafh SPOUEHRHS CTHEIRaI At PRRIEN T | SToHIRg grmbehi si ng
active face up Qggﬁt;l@éouggtgjlmf&glﬂlmﬁgopyycqgse rel ease by spontaneous
etching; Figure is a graph of survival probability as ordinates versus die

strength as 20 absdlihsdavestiomwilhgey-be desceibedt, by Waliof exampld, with eefereaeectied to
var0us xtent s uoRagtl g Gabiy fUGRH 00 o0 reasured by 3 s-pornt testi |
as abscissa of a saigwrel icodhedatinvilbe diaghnth vld firssembatiment of thainventidpnext ent s
according t105 ' hc%mipg\s/i%g tai:t?vré 81a e ur;T)e igiggr ?o(illoa'gd gy gp-og?aingcgustetei\:ﬂﬂg;

Figure 2 is a schematic flow diagram of a second embodiment of the
invention comprising active face up partial dicing followed by die release by
spontaneous etching;

Figure 3 is a graph of survival probability as ordinates versus die strength as

20 abscissa of a laser-cut control wafer and wafers etched to various extents
according to the invention as measured by a 3-point test;

Figure 4 is a graph of survival probability as ordinates versus die strength as
abscissa of a saw-cut control wafer and wafers etched to various extents according
to the invention as measured by a 3-point test;

25 Figure 5 is a graph of survival probability as ordinates versus die strength as
abscissa of a laser-cut control wafer and wafers etched to various extents
according to the invention as measured by a 4-point test;

Figure 6 is a graph of survival probability as ordinates versus die strength as
abscissa of a saw-cut control wafer and wafers etched to various extents according

30 to the invention as measured by a 4-point test;

Figure 7 shows micrographs of sidewalls of a laser-cut control wafer and of
laser-cut wafers etched to various extents according to the invention; and

Figure 8 is of micrographs of sidewalls of a saw-cut control wafer and of

saw-cut wafers etched to various extents according to the invention.
35 In the Figures like reference numerals denote like parts.
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25 Figure 5 is a graph of survival probability as ordinates versus die
strength as abscissa of a |laser-cut control wafer and wafers etched to

vari ous extents according to the invention as nmeasured by a 4-point test;
Figure 6 is VRO3M0ap4B2¥¥ survival probability as ordi nat es MAYERSHI®7St r engt h

25 o2oscissa of 2 SaNfkingBERks VLET 1AIBER] 31 ShaNeAhA ] S 1£X ot S

according 30 to the 1 nvention as neasure poi nt test; shows
m crogr aphs of siatéveak femef13ads imswted oot cewiet,mot shesine Thamafesfis diced esingait

waf ers etched to,various extents_ accqrdin o_the inyenti : Fi,gure 8 is
o o ot our anhs. of SR o PRt Sl S8 Rk (aRty kot Ser SER WAk 0 1Sl et
waf ers etched tomegriecalgiogxpamped atidatad ger] & niode-lokee MseOor thét 1adee

Figures like refer_eniqe nuneral s denote like parts. = 3 WD 2006/ 048230
PCT/ EP2005/ 01367 Suitakis &or, maghipigg phg semicondugtpy and gther |materialeyof dhe wafern a

standard dicing tsﬁﬁ@oléZlaéé?dvIa@aéngﬂEsﬁ%gl%ei Sel SR LR OfhRr&RTeh | ﬁfmﬁ@fé&

t
shown. The wafer is diced using a aser or a. nechanical saw on the carrier

to produce a di cedvelaigths.111. The | aser nmay be a di ode-punped solid-state
| aser, a node-|ocked | aser or any other laser 5 suitable for machining the
sem conduct or and ot fibe dived ewafealld] af pladed oncthecarrierSni 4 eltalebet &4 ahe vlmubeengt hs

may be selected framinfrared . to ultraviol et vel engt hs.  The .di waf er
111 is pl aced on"fYB8 E%F’rlqté’Pgilﬁ?ﬁniﬁh ?poftﬂfl,“zt\l\ﬁl’)‘ﬁfé%%ﬁﬁéfn dﬁ@f??%gééﬁz)i nl et
port 141 andign @HuhebthePsonfehéous@chafSofBilicse a8 ishvt ettt the (iiefgort 14110 or
any ot her spontaneous etchant of silicon, are input through the 1nlet port

141 and purged t AR pgeed theoughitheputlshpert 142or @ predeterained Bumbs@f cyrlessash of
| h of ' N, el ' b
cycles each of @ g?ﬁ%&&&ﬁﬂeﬁ%ﬂﬁhﬁmt@lﬁ}g@m gﬁ{:g@hﬂgg eanayf bd @agﬁ%cg Bgég&l aay be

carried out as a t1 nuous process, oun ess
efficient in ter wentofuoet plocessabu thisdaebeshadnindiwalpelessTéfficatnem ®mes ofhwech

released fromthe ta 12 and mounted 15 onto a.die pad 15 or another die
to forma nount e&atﬁF‘ggitﬁgmﬁé’f?egFr ‘ifﬁegg’f’%ar_ﬁiﬂbel‘}rrggis,ed%?né%ﬁ ARG lg%‘g@f’wgﬁ of
the inventions aon@fedie pdd 15 8¥ dnbtherdia & foMf a hiiffed dRPRI. DSt , 1s diced

foll owed by spontaneous etching. The- wafer 11 is nounted active face up on

a wafer carrier on aptRRfngl® ABeked, iR RGirst noRindeht of ARL inventiowi 4 Wvabdpq act i ve
| ayer away fromthe carrier. The wafer is diced
with an active layer uppermost, is diced followed by spontaneous etching. The
wafer 11 is mounted active face up on a wafer carrier on a tape 12 and a tape
frame 13, that is, with the active layer away from the carrier. The wafer is diced
20  with a mechanical dicing saw or a laser dicing saw on the carrier to form an active
side up, diced wafer 111. The diced wafer 111 is placed face up in an etching
chamber 14 and a spontaneous etchant 140 of silicon is input into the chamber 14
through the inlet port 141 to come in contact with the diced wafer 111 for a pre-
defined period. The etchant can be, but is not limited to, XeF, and can be either a
25  gas or liquid. The diced wafer 111 is held in place in the chamber 14 by the wafer
carrier, not shown, which can be made of any flexible or inflexible material that
holds the wafer in place either through the use of an adhesive layer or by
mechanical means such as physical, electrical or vacuum clamping. The wafer
carrier can be opaque or optically transparent. After etching, singulated etched
30 dies 16 are removed from the carrier and mounted onto a die pad 15 or another
die. In this embodiment, the active layer acts as a mask to the spontaneous etchant

and only the sidewalls of the dies are etched to remove a layer of silicon. The

etching of the sidewall changes the physical nature of the sidewall thereby



20 with a nechanical dicing saw or a laser dicing saw on the carrier to form
an active side up, diced wafer 111. The diced wafer 111 is placed face up
in an etchin chanber 14 and a spontaneous etchant 140 of silicon is input
into the cha‘gﬁéi’%@ﬂs”‘% hrough the inlet port 141 to cone iRCTHER0QHMI6H th t he

diced wafer 111 {Qf..8 - L h.0d - mehl W obig; Not
limted to, XeF2 nar?é gg?\&b%‘ggﬁ%t ﬁge‘}ug 5 ganée E‘r%eﬁ‘ggé}g‘pc %e fgl?gélg%vg?lgtr 111
is held in pl aceoifout-peinttestnrber 14 by the wafer carrier, not shown, which
can be made of any flexible or inflexible material that holds the wafer in

pl ace either throughRtfhgingse Figura? indle®nd embadierenoof thy inveetiduaaivasdr 1dipans
such as physical,.electrical or vacuum clanpjng. The wafer  carrier can be
opaque or opti caf"fts apragﬁg?)%ygnlgppeﬂqsgfs rg{)gﬁ?cln@c?wgﬂ%lﬂpaqréa e eﬂ’%éﬁpedi es 16
are renoved f§ onfrhfie 18 3hfal vedferddaetid ANTIRAV AR Qriderdi7@a 86 mhde Of adyptiogly di e.
In this enbodi nent, the active !rg%er acts as a mask to the spontaneous

etchant and onl tfanspereny fexile ps inflexiblgemaprial thatds atitehledor koldingdhewafer iyer of
silicon. The etghi : i | i he

si dewal | ther ebyIg IQ%J‘%%B%@%}Q%@%& /Ca E@%%%’%ﬁ%%%ﬁ%k%gﬁeﬁge* ﬁteas;ver age
di e strength, asmedmsaicak celé¢atriche sirreactum rclanpihg.aThdvesferpdl s paetiallf oditedpoi nt
test. Referring to Fiqure 2, in second enbodi pent of the inyention, a
wafer 11, with Sreisbaieng e afes 38 mseRaRHARRe et £ feeatiaae 5 b a
tape 12 and {@pefor o pahi@lyl@cAwaeMAREThE pdrfihle) dided wdiBe 1 VBfsSlaceddck @p, 17 can
be nmade of - any optically transparent flexible or inflexible material that is

suitabl e for hol et ribe tcABieiak/erin #n ejshingechambserl4t tor 6o/ge intee corfact owitly e

adhesive | ayer o hapi.cal . SUC ni g4l rical, or
vacuum ol amei ng. “PRRESEER CABYEP 1aTSAN Pt IRAAA A hos RIS B0l 21
18 wi th a nechanteamining porignsefvsiliconain! the elicedian¢sn Jhe aatehiant d4h bgrimat as petr ti al |y
di ced wafer 112. .The pargially diced.ywafer 112 is. pl.aced, face up, on the
carrier 17 in alinget B eiaremhen Bl St of HaSAC AR R anpy f ang T (O
spont aneous ¢4 Chaiilsicalht@e oF itlel F@RWaUNik lstrérideh Rlalddamhantdd bbasisethe AR apvay a
remai ni ng portion of silicon in the dice | anes. The etchant can be, but is
not |imted to, dixedsubstgatidlysimeltanpeustys agoidiag any strasg buigd upwhigh|mayeecwy a

change in 15 phyi%icgﬁben 'ﬁﬁzﬂ{fdi@d\;ﬂﬁ sidewal |, die strength is al so enhanced
because the dies are ced substanti al | y simul taneously, avoiding any

stress build up whi Cﬁen%}/ocgs%cgf the invention provides the advantages over other etch
processes, such as chemical or plasma etching, of being a fully integrated, dry,

20 controllable, gas process, so that no specialist wet chemical handling is required,
and clean, safe and user-friendly materials are used in a closed handling system

that lends itself well to automation. Moreover, since spontaneous etching may be
carried out in parallel with dicing, cycle time is of the order of dicing process

time, so that throughput is not restricted. Furthermore, the invention uses a tape-

25  compatible etch process which is also compatible with future wafer mounts, such
as glass. In addition, no plasma is used, as in the prior art, which might otherwise
induce electrical damage on sensitive electrical devices. Finally, the invention
provides an inexpensive process which, used with laser dicing, provides a lower

cost dicing process than conventional dicing processes.
30
EXAMPLE

Ten 125mm diameter 180um thick silicon wafers were coated with standard

photoresist. The wafers were split into two groups as shown in Table 1 with five



in conventional ly diced wafers. The process of the invention provides the
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After dicing the wafers were placed in a chamber and etched with XeF, for

a predetermined period of time. After this period the chamber was evacuated and

purged. This etch, evacuate and purge cycle was repeated for a set number of

times to remove a predetermined thickness of silicon. The numbers of cycles used

are given in Table 2.

Table 2. Etching parameters

Etch depth Number of Time per cycle (sec)
(um) cycles
Nof etched - -
2 um 8 10
3 um 12 10
4 pm 16 10
25 pm 100 10

After the wafers had been etched, the die strength of each wafer was

measured using 3-point and 4-point flexural bend strength testing.

The results for 3-point die strength testing are listed in Table 3 for laser-

cut wafers and Table 4 for saw-cut wafers. Corresponding graphs comparing the

survival probability for the control wafer with the four different etch depths used

are shown in Figure 3 for laser-cut wafers, in which line 31 relates to an un-etched

wafer, line 32 an etch depth of 2 um, line 33 an etch depth of 3 um, line 34 an

6




times to renove a predetermned thickness of silicon. The nunbers of cycles
used are given in Table 2. 10 Table 2. Etching paraneters Etch depth Nunber
of Time per cycle (sec) (gn) cycles Not etched -- -- 2 m8 10 3 p.m12 10
.4 pm 16 10WOHBRY 10 After the wafers had been et che@CTERMOFPHEH r engt h

of each wafer wagch B8R Of £ finbigidNthe35RAIRN daptH of 29 Rinnd fih Bigued fdReRkLcat I engt h
testing. 15 The results for 3-point die strength '?esting gfﬂfe listed in Table

3 for laser- cutwagfseinswhigh lingfilerelates ¢ a apeetaled wasireline 4Ton etchdspthi ofy
graphs conpari ng er: j i Gie B I - W t he
four different e%&lﬂl’(lj‘gp?%ghéggél%tg?g@gkdd\t}\%ei n rllzl}:%ﬁrdgﬁgto?g# asﬁqe\éuustghwaf ers,
in which |ine 3letkedegithof 26 pan Itwande cbandhatviaf eath ldseraut 32d saw-edtciafelelien of 2
pm line 33 ap efch depth of 3 Line 34 an, 6 2006/ 048230

BT/ EP2005/ 0167 36xtetl Rk phBaRued St Ac bt b ESherally TRUEHCLMHR FBAe m and
in Figure 4 for sawcut wafers in which line 41 relates to an un-etched
wafer, line 42 an etch. depth of 2 pm line 43 an etch depth of 3 m line 44

?Eatetfcgrdggm f)f Tébl_@m Easbrldub fafdrs B0LPoRlt O §8BAEhfeskS M It can be seen
int ..t . L i i t h,.et ch th. Tabl e3]
R85Mab &3 Tup StErlh WPAS EGORRE 13ad T B8R Mool no el

32

measured by a 3-
Laser cut wafers

for Xise laser diced wafers Cont]r gontrdIN] 32Rim4[PN3 g P HIAT at%ﬁ,
etched etched etjched Average (NPa) 223 p06 697{658 1381 Std Dey 83

178 162 131 417 |Max (MPa) 404 799 wefer opetcherh| etched | etched | etche
Average (MPa) 223 506 697 658 1381
Std Dev (MPa) 83 178 162 131 417

Max (MPa) 404 799 1077 920 2279
Min (MPa) | 100 221 446 403 663

Range (MPa) 304 578 632 518 1616

Coeff. of variance 0.37 0.35 0.23 0.20 0.30

10 Table 4. Saw cut wafers. 3-Point Die Strength Test

lNormalised Die Strength (MPa) for mechanical saw cut wafers

Control 2 ym 3 um 4 pm 25'pym

wafer | etched | etched | etched | etched
Average (MPa) 861 1308 1585 1427 2148
Std Dev (MPa) 181 593 623 457 601
Max (MPa) 1245 2250 2894 2119 3035
Min (MPa) 512 321 622 617 790
Range (MPa) 733 1929 2272 1502 2246
Coeff. of variance 0.21 0.45 0.39 032 | 028

The results for 4-point die strength testing are listed in Tables 5 and 6.
Corresponding graphs comparing the survival probability for the control wafer
and the four different etch tests are shown in Figures 5 for laser-cut wafers, in

15 which line 51 relates to an un-etched wafer, line 52 an etch depth of 2 um, line 53

7



M n(MPa) 100 221 446 403 663 Range (MPa) 304 578 632 518 1616 Coeff. of
variance 0.37 0.35 0.23 0.20 0.30 10 Table 4. Saw cut wafers. 3-Point D e
Strength Test Normalised Die Strength (MPa) for mechanical saw cut wafers
Control 2 pwo2o@wmsR3pm 25 pm wafer etched etched et chedP@UEPRES/011676r age
(1MPa) 861 1308 7, inat : (MPa)
1245 2250 2894 2%%3&3%% OfA%A]‘%ﬁ’( llvmgag)i @iézfdg&z@a)&f]z@%ﬁ‘?‘%%gg%Eegaﬁgé"@‘?%ﬁg@fns
1929 2272 1502 2246n @ubinfFigwt 6\far $aaacw veafad in0whih 0ng 6l telges ©.@8un-cfttedr esul t s

for 4-point die strepgt esti re,listedan bl e nd 6.:,.

Cor r espondi ng gr"gag?lrs H'gsoﬁnganr%%ﬂg&%hﬂgo@u%[\?i f\i/%%% o%%béepﬁ’[()?f%rfl’ %’}Slém(?gﬁtaflm '
wafer and the fewhr degtf 6fof pimt Itadat betsedt thatafor both Qxgar-tuit dntGuweast vafedd the

| aser-cut wafers, in 15 which line 51 relates to an un-etched wafer, |ine 52

an etch dept R offlexusy| strengib a8 measured by, nhponk sstasnealty metegees Motngsdeptih et ch
depth of 3 m |ine 54 an etch depth of 4 mand |ine 55 an etch depth of 25
mand in Figure 6 for sawcut wafers in which line 61 relates to an

un- et ched waf erTable néag2 cetrwadersi#-Beipt RieditrefgtinTesti ne 63 an etch depth of 3

m and line 64 a S 6 of—4 a—h : of—bet asey - cut
and saw cut waf éNGrmhdlfsed éngtlﬁqu?g’ohxa@e l#ef dickd Wifers4- poi nt tes
general ly increase M-t h dept h able 5. _laser cut wafer 4- Poj De
Strength Test Nornalised Die St|dremiiol H/Pa?)‘llmor X B® | fset HAl cdd 2Rey s
Control 2 pm3 pm4 pm 25 pm whfer che He hed eg ge
(MPa) 194 394 551 574 770  Std De\?ﬂ%al 2%"@&810 S 15%‘%&? (Nﬁgﬁ@4 588
743 762 1043 Mn AvélageRPa}96| 3709842 |54394 551 574 770
‘ Std Dev (MPa) 23 81 109 101 155
Max (MPa) 234 588 743 762 1043
Min (MPa) 139 296 370 342 543
Range (MPa) 95 291 373 419 500
Coeff of variance 0.12 0.20 0.20 0.18 0.20
10

Table 6. Saw cut wafers. 4-Point Die Strength Test

[Normalised Die Strength (MPa) for mechanical saw diced wafers

Control 2 ym 3 um 4 ym 25 pym
wafer etched | etched | etched etched

Average (MPa) 680 716 843 868 -
Std Dev (MPa) 137 425 399 357 =
Max (MPa) 863 1851 | 1608 1583 .
Min (MPa) 316 213 365 344 -
Range (MPa) 547 1638 | 1244 1240 ~

Coeff of variance 0.20 0.59 0.47 0.41 -

SEM images of the laser-cut and saw-cut wafers are shown in Figures 7
15 and 8 respectively. Figure 7(a) shows a laser-cut un-etched die corner at x200
magnification, Figure 7(b) shows a laser-cut un-etched sidewall at x800

8



Range (MPa) 95 291 373 419 500 Coeff of variance 0.12 0.20 0.20 0.18 0.20

10 Table 6. Saw cut wafers. 4-Point Die Strength Test Nornalised D e
Strength (MPa) for mechanical saw diced wafers Control 2 pm3 pm4 pm 25 pm
waf er et chewloeotmshesiset ched et ched Average (MPa) 680 716 BZAZE®6&/01t675t d Dev

MPa) 137 425 3 - - 1 0 6 213
$65 had .- Rang2’?“‘@%2%’5‘“%’4%%%%%&@%f4g§e}'°g§€g%f e L N
0.41 -- SEM i magegnificatidie Higiwer7(dushewsda dassr-cutt sidewall stched 4 pemnvat ix600-i gur es
7 15 and 8 respectively. Figure. 7(a) shows .aser-cuf ,un-etched die corner
at x200 magni fi g%?ﬁ“@ﬁ?m%’r é'Jﬁ:ﬁ“ge 7?%)588‘%{%\7(2333“[“35 f comer ﬁ{‘f—hg‘?@ﬁéﬂnﬁt Il at
x800 8 WO 2006/ndRi#3RidACTHiflrd OQB/ Shbhg 74l lasBRan| didesalll edhed RIULE af (k900 Shows a

| aser-cut die corner_ etched 4 mat x250 nmagnification, Figure 7(d) shows a
| aser-cut si dewaagnidicatingd gy aB(ax cbows riagaw it anieithed Fligueemer( &) x40bws a

| aser-cut die C‘BF@FI ed25. m i fd catl [ (f hows a
| aser-cut sidewa g‘t%{i:tﬁ%d Eléérr% a )xé%g’%S aﬁ%ic f| gg‘t%t%%.d ﬁ’.‘%ﬁ’?@ ét(a O@hows a
saw cut un- et chedhgdifieatiom; riigurat8(0d4€Hdws neasaw-tutcdit | aconper Fitchede4 b )at xB0s a
saw cut un-etched sidewal [,. at 0 magni fication, Figure, 8(c ows a

s Ut di e cor MRBRIECEHEY Fiptin ) Seuh & SH S FeTegist scieckh KB Rbws o
saw-cut si dewal k398 fBglifcdtRa] BiguRistd)@Rows dRad-cut 4RO AR Rhkd QQ?:thILx_SEO gure
8(e) shows a sawcut die corner etched 25 pmat x500 10 nagnification,

Fi gure 8(f) 18howmagaifisatione Kigwe ddiarhowst esew-cps sidewall stgmd Zpragniat ix38Q i on.

For both the S-Q,Qaigitﬁcg&ql_ 4-point tests, it can be seen that for both saw cut

and | aser-cut di e,g on average the etched dies had higher flexural strength

than the un-etched Boebothtigt 3-panf drebdipant tedts, énghtbeisnar thasfas buthtsawebapt h of
etch in the et Cg.nd laser-cut die, on average the etched dies had higher flexural strength than the
un-etched dies and the flexural strength increases with depth of etch in the etch
15 range 2 pm to 25 pm. ,
Although the invention has been described in relation to silicon and xenon
difluoride, it will be understood that any suitable liquid or gaseous spontaneous
etchant such as a halide or hydrogen compound, for example F3, Cl;, HCI or HBr

may be used with silicon or another semiconductor.



15 range 2 pmto 25 m Although the invention has been described in relation
to silicon and xenon difluoride, it wll be understood that any suitable

| i quid or gaseous spontaneous etchant such as a halide or hydrogen
conpound, for exanple F2, Cl2, HO or HBr nmay be used with silicon or

anot her seniigngﬂftor. 9 CLAIMS 1 A nethod of dicing a sem conductor wafer
havi ng an act+ ace and an opposed non-active face conprising the steps of
a. nounting the sem conductor wafer on a carrier with the non-active face
attached to the carrier; b. at least partially dicing the sem conductor

waf er on thd. cak rmehodyiof hlicing as eemicarductor hwaferc Akvisgwennedivs facorendhen acti ve
face of the seni conductor n at. |l east partially diced

. to,f
semi conduct or \ARPRYEd Ngpgciive é%%‘?ﬂ"?@"sﬂ%éﬂ]%%eﬂs st partially diced

sem conduct or Waf efoaling ke SAfithRIuchf Wiferidia Abrrey Vithahe nohlabtive farent aneous
etchant conprising xenon difluoride in an etch chanber, to renove

sufficient sem contiecdiedto thatcarriesl from a die produced fromthe at |east

partially diced _sem conductor wafer to.inmprove fl|exural bend strength of
Phe die, 2. A nbe rOlsagopeealgidiae e tomiinmuctiuster i Hielbeof g 80P L0t
partial |y dicing topencchatitd} R Widaflf ORI AE aCNBfabSEBthe isemit8ndiitforSedfb€ onduct or

waf er conpletely through the sem conductor wafer; and the step of etching
the at | east part itaform angit desst pastillychiendscmicondictor vederpendses et chi ng

sidewal I s of the di remaj ning. rtions of the diebeing masked fromthe
spont aneous et cﬁ'arﬁ“%gig tﬁ&at EB%g’dg}%ﬂytdﬁcggﬁslf‘fc%é]"fcéoéé’f af%;_ onA&ﬁﬁfmﬁgrggl cl ai ned
in claiml, whereithc hdtfreSh@Pwith adponteidous PRhintaohiprising ixefort BiFfluofigdirconduct or
waf er conprises partially dicing the seniconductor wafer along dicing |anes

to | eave portions afetelephasmhsrotromovmsifficiant smieryidugfor matariak fieg a(dihes; and
the step of et chl Noded Abal £7 S h&?{f}aﬁr@duqui&'d‘%%ﬁﬁ RELGONINES B b
st dewal I°s 0 e d e e

conpri ses etching cin anes an ching awa

portions of seni dierdtatbend strehgh ofithchtié. dgi ng the dicing lanes to singulate
the die. 4. A nethod as clained in any of the preceding clains, wherein the
sem conduct or

2. A mcthod as claimed in claim 1, wherein the step of at lcast partially dicing the
semiconductor wafer comprises dicing the scmiconductor wafer completely
through the semiconductor wafer; and the step of etching the at least partially
diced semiconductor wafcr comprises etching sidewalls of the die, remaining
portions of the die becing masked from the spontaneous etchant by portions of

the active face.

3. A method as claimed in claim 1, whercin the step of at Icast partially dicing thc
semiconductor wafer comprises partially dicing thc semiconductor wafer along
dicing lanes to leave portions of semiconductor material bridging the dicing
lanes; and the step of etching thc at least partially diced semiconductor wafer
comprises etching sidewalls of the dicing lanes and etching away the portions of

semiconductor matcrial bridging the dicing lanes to singulate the die.

4. A method as claimed in any of the preceding claims, whercin the semiconductor

wafer is a silicon wafer.

5. A method as claimed in any of the preceding claims, wherein the step of etching

the at least partially diced semiconductor wafer with a spontaneous etchant
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wafer is a silicon wafer. 5. A nethod as clainmed in any of the preceding

clains, wherein the step of etching the at |east partially diced

sem conductor wafer with a spontaneous etchant 10 within the etch chanber
conprises cyclically supplying the etch chanber with spontaneous etchant
and purging the etch chanber of spontaneous _etchant for a gl urality of

cycles, 6. A divityg thesgielr ghamber SPmHF%f'ﬁr‘r‘QCleaHléﬂ%‘lﬂ&é‘%eo?tcbvﬁ apberjtng an
active face and rﬂﬂ#&ﬂ?&%ﬁ ’lﬂ&‘ ete@ﬁ%h&rﬁ?@rdfa‘nﬂﬂa eﬁus Edhdnt r 4TEANS
arr anged to ITDUR? ereon UCt or wa ]} non- act I ve face

attached to t helaalityioficycles. Iaser or rrechanl cal sawi ng neans arranged to at
| east partially dice the sem conductor wafer on the carrier fromthe active
fact of the sem conductor wafer to forman at least partially diced

sem conduct gr fcd Finfs foPHfé @se‘i’iﬁ u&Bf @Qﬂ?ﬂa\%nﬂ%ﬁhh %Emtchﬁc@&nd east

partially dice emc uct or er on carrier active face
wth a spont aneanumpesedhmn{acnmﬁmcmprgamgenon di fluoride in an etch chanber,
to renmove sufficient, sem conduc material froma die rod ced fromthe at

| east partial | y®di@BT MG EHESE (0 FOMB B ?re%thcr%smeﬁ?edwt ST VB e strength
of the die. 7. A djgid gg g@ﬁtf"icHéd Rhetaliged in claim6, wherein the dicing

apparatus is arrange ice a silicon wafer. 8. A dicing apparatus as
clainmed in clai bs I&eomr TnedMHcélsawimmarrsMrmhgcd)&r af k:astpparmllyedkcwtlueh an

inlet port for the etch,chanber, to be su cl,i cal |. ont aneous
etchant and is pro6MfOAdyGeT Wafer A0 dhe g E"'f g@‘%h@"et‘& 3/"c\rl}dr‘;ﬁ;f"oe‘?fs be

purged of spont ane;eﬁs&oﬁaﬁéi&nWafe?ftoafo&huirﬁht !ééstOBaxﬁm)L%%edf?senﬁc&mhé}eﬂ of
di cing a sem conductor wafer substantially as descri’bed and as shown in the

acconpanying Fi gurveafer, ad A di ci ng appar atus substantially as described and
as shown in the 2% ?&IW n%éal?«gdrranggél to atch ]fhle at least partially diced semiconductor
wafer on the carrier from the active face with a spontancous ctchant
comprising xcnon difluoride in an ctch chamber, to remove sufficient
semiconductor material from a die produccd from the at least partially diced

semiconductor wafer to improve flexural bend strength of the die.

7. A dicing apparatus as claimed in claim 6, wherein the dicing apparatus is

arranged to dice a silicon wafer.

8. A dicing apparatus as claimed in claims 6 or 7, wherein the etch chamber is
provided with an inlet port for the etch chamber to be supplied cyclically with
spontaneous etchant and is provided with an outlet port for the etch chamber to

be purged of spontaneous ctchant for a plurality of cycles.

9. A method of dicing a semiconductor wafer substantially as described and as

shown in the accompanying Figures.

10. A dicing apparatus substantially as described and as shown in thc accompanying

Figures.
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