WD 2005/ 004226 PCT/ EP2004/ 007161 DI E BONDI NG This invention relates to die
bondi ng. The use of dies with die attach filnms (DAF) transported on a base
material 5 carrier tape to provide direct bonding of dies to a die pad is
well known in the mcroelectronics industry. On picking up a singul ated die
fromthe caVPi2l5p423e, an adhesive layer is carried on RCIVERNM/08UST ace of
the die and, after placing the die on a die pad, the adhesive |layer is
cured by heating to adhere the die to the die pad. A cross-section of such
a structure 10 of a wafer 11 mounDdEBONIRING\F adhesive |ayer 10 12 and
carrier base 13 before dicing is shown on Figure 1. The wafer 11 and the
DAF 12 are singulated to forma singulated die and DAF 15, as shown in
Figure 2, as in dicing a wafer wi thout a DAF, by cutting a channel 14

t hrough the waf erThisivention relates fedio borgling. shal | ow trench 16 in the base film
carrier tape 13. Known dicing of a wafer with a DAF uses a nechani cal

saw but usi ng hi ghsruse1d diprewithrdi¢ ettashi AmsdiDAF) drapspryted aan b|bastemetesial used to
di f |t t ' ' ' th
o 5 e ke s e 8 S U SO 8 1 oo

bl ade. However, SucC I'cal cut

del am nat i on mfcrdeheetrbdies dndustoyn(@n pickimgamch siogulaied diecfrérrths carties tipeiang i n
yield loss. Burrs created by .the nechanjcal,. saw ca e 11 re long

2t rands of ¢ HENEAVEEN LS Capied on pIENE Srpch Ry Roe A5mEdH 46020 i ¢ h
an upper surf@geadfthé E&héﬂiv%daférﬁ@@ﬁre@ﬁy%htﬁ% ©oaHdhér8dhd Qieltqhs!BREFads Ul f ace by
the saw blade Or in subsequent handling and, in particular, may interfere
with a die atreschctmefcsyeh a siuatand 0904 sawferddaeinied onsa PAdcathesve layer vi dual
die after C | . Gl Fap e vigl d. th r ci ated
i th-del ab et S e B da ity i §%obl LRl CRRRLETE o700 21 PO
extremel y ti nPABdaswssingnlaedito fosh hisinigalated dRoandDAR 1 5yras ehigvacin Kigurk Reaspr esent

art - Accor di rf GanEa PRRE wiSpaHDAR U i Sigcdael T RETHe BAG 814 BABY ovi ded
a met hod and leaving a shallow trench 16 in the base film carrier tape 13.
Known dicing of a wafer with a DAF uses a mechanical saw but using higher
15  speed revolution of a dicing saw blade than used to dice a wafer without a DAF, to
avoid the adhesive layer adhering to the saw blade. However, such high-speed
mechanical cutting tends to cause delamination of the DAF and base film and to
create burrs, resulting in yield loss. Burrs created by the mechanical saw can be
millimetre long strands of the adhesive layer. These strands may come into contact
20  with an upper surface of the die, either by being carried to the upper surface by the
saw blade or in subsequent handling and, in particular, may interfere with a die
attach process. In some cases, adhesive is placed on individual die after mechanical
saw dicing in order to avoid the problems associated with delamination when using a

DAF and creation of burrs. This process is extremely time consuming and inefficient.

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

difficulties in the prior art.

According to a first aspect of the present invention there is provided a method
of die bonding comprising the steps of: providing a structure comprising a wafer
substrate separated from carrier base means by an adhesive layer; laser machining -

30 through the wafer substrate and through the adhesive layer no more than at most to

scribe the carrier base means to form a singulated die with an aftached singulated
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of die bonding conprising the steps of: providing a structure conprising a
waf er substrate separated fromcarrier base neans by an adhesive | ayer;

| aser machi ning 30 through the wafer substrate and through the adhesive
layer no nore than at nost to scribe the carrier base means to forma

si ngul at ed Y¥P %326 att ached si ngul ated CONFI RVATI ORCEEBONPI73E05/ 004226
PCT/ EP2004/ 007161 adhesive layer; curing the structure to rel ease the
attached si nguliasied l8@Rasiing thest@kturd toaBleisaahe atdched s1h§lﬂ@te&ﬁ&ib§weﬂiy'ékl ng and
placing the die and attached singul.ated adhesive |ayer on a die pad, and
curing the atTREhEE @rigshase Sipans Hdingeaqdaplaging dhe Qﬁh@deafqubeddﬁléglﬂﬁe‘i he die
pad. 5 Advant %fe@f-&é'w ertolﬁeaai d0fan® e Qhﬁﬂch%Hréﬁ?él%H 1%51% p§ ovi di ng
an adhesive | ayer adhered hé carr|er ase means ﬁe5|ve and
the step of edherm@etiiadoiher@gp@de conprises curing the f| rst adhesi ve.
Preferably, the step of |aser machining conprises |aser machining the wafer
substrate fisi ng aAd?mmgeémi,}erthbswm ofl provalifg assh'unumdr]icninqu'sqsrmbi/ﬂdmgoin

sel ected | aser uI S aser Ise r on, rate, ser S

ot h ) aser - BUEE Sayen e louhe BRten S Realn B et b AR SR B | aser
beamwith a S@ﬁg{g&h§b{ﬁﬁuﬁg@5ﬁ1§h§¢gc thé Brst sdhesfo&hi ne t he adhesi ve | ayer and
using a third laser beamw th a third such nmachining profile to machine the

carrier base nmeangreferdbly, thalst nss%id nfAthiffR gmoméﬁgeg ﬁtsernﬁ&h%ﬁ%@lemﬁﬂe{a _
providing a predeterm ned quality of singulated di es without 15 substanti al

del ami nat i on &fbstrafe usingedirstdasenheam withia firre maghiningprofils of salentesl laser pulse

bst ant th t
o a8, DARYS s B RGP RRL W Sl a5 MR b ld 5
profile are alsaneavekapihigiogg psabid Rser bésht svithageoorsd such miuehisingprefile eur i ng

the structure co rlse curing with 20 ultravjol et g nvemently, t he
step of curin§®f NG %?%@mtiai%aébamgﬁ eqmy, :L HBira sueh aching

profile to machine the carrier base means such that a speed of machining is

maximised while providing a predetermined quality of singulated dies without
15 substantial delamination of the adhesive layer and the carrier base means or
substantial production of burrs.

Conveniently, at least two of the first machining profile, the second machining
profile and the third machining profile are a same machining profile.

Advantageously, the step of curing the structure comprises curing with
20  ultraviolet light.

Conveniently, the step of curing the attached singulated adhesive layer

comprises heat curing the adhesive layer.

Advantageously, the step of machining the wafer substrate comprises
machining a blind via in the wafer substrate or a via through the wafer substrate and
25  a die attach film.

Preferably, the step of laser machining includes a further step, after laser
machining, of washing the structure to remove accumulated laser machining debris
from the singulated die.

Conveniently, the step of providing a structure comprises providing a structure.
30 having a protective film to protect the structure from debris produced during laser



conpri ses heat curing the adhesive |ayer. Advantageously, the step of

machi ni ng the wafer substrate conprises mnachining a blind via in the wafer
substrate or a via through the wafer substrate and 25 a die attach film
Preferably, the step of l|aser machining includes a further step, after |aser
machi ni ng, Vo9 200&8M2¥g t he structure to renove accunul at E§TERIWAO0EHN| ni ng
debris fromthe singulated die. Conveniently, the step of providing a
structure conpmh&esingand tdi €p &f Whshinpiths Structdd chApiing ra;abﬁh%\%id’ %xetef:ﬂi&em to
protect the structure fromdebris produced during |aser 2 20051004226
PCTI EP2004/ 00741 andasewmnplated dgbrs thereorst ep of washing the structure conpri ses
renoving the protective filmand accunul ated debris thereon. o

Advant ageousl y, t Hedvantageauslyp ihsistebpnef aroyiding taysteictuppeanpsisep povidingig a

structure havi B Blvily Syhet hithad RISwhDEM AR%idibons. thick. S
Preferably, the step o aser nmachining conprises providing an assi st gas
envi ronnentc for | chi ni_ng. nt ageousl he step,.of providing an
assi st gas Vi roﬁ)?n%ﬁa O%Qis.%gs()ﬁ%%v%g? "g céglghg%vp?ogﬁdf%fag i R EEn

phot o- di ssoci aénvironpemdociaser aichiviimgr adi cal s.  Preferably, the step of

provi ding a gas environnment reduces deposition of solid 10 machi ning debris
around a | aser - magAuvahtageosslye theCaey enipfivididg ah Esitagdsi @virbmEent B ipeisésS one
of. a dicing tape,. an inflexible tape_ suitable for thin wafer dicing or
backgri ndi ng; RIR¥dIE® 888 snvrongientin whichaheto-diptociatipn produges pgtivedadiels| y, t he
step of providing a structure conprises providing a structure including a
waf er substrate sdpeferablydthestepddprovidingra saberviranment| rpducegderiogifipe »f #ilid

transpareni, b gﬁi-ﬁl M cTo P 3 MEF .adhesi ve | ayer and the step of
| aser machlioni ﬁ‘glléu S pgérh?%lrsrreg ggg%g%ﬁlgn gs%éckgri ndi ng the wafer substrate.

Conveniently, the carrier base means is one of: a dicing tape, an inflexible tape
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suitable for thin wafer dicing or backgrinding; and a glass or other transparent solid.

Advantageously, the step of providing a structure comprises providing a

~ structure including a wafer substrate separated facedown from substantially

15. inflexible transparent backgrinding tape means by the adhesive layer and the step of
laser machining is performed subsequent to backgrinding the wafer substrate.

Alternatively, the step of picking and placing the die and attached singulated
adhesive layer comprises picking and placing the die and attached singulated

adhesive layer on another die to form a multistack die package.

20 According to a second aspect of the present invention, there is provided die
bonding apparatus comprising: laser machining means for machining a wafer
substrate and an adhesive layer attached to the wafer substrate and for no more than
at most scribing underlying carrier base means to form a singulated die with a
singulated adhesive layer; first curing means for curing the carrier base means to

25 release the singulated adhesive layer from the carrier base means; pick and place
means for picking the singulated die and adhesive layer from the carrier base means
and placing the singulated die and adhesive layer on die pad means and second
curing means for curing the singulated adhesive layer of the singulated die to adhere

the singulated die to the die pad means.

30 Preferably, the laser machining means comprises: laser source means for

providing a pulsed laser beam; laser beam scanning means; and control means for
3



Alternatively, the step of picking and placing the die and attached

singul ated adhesive |ayer conprises picking and pl acing the die and
attached singul ated adhesive |ayer on another die to, forma multistack die
package. 20 According to a second aspect of the present invention, there is
provi ded diV¥P 2098AUR¥g apparatus conprising: |aser nachi RCRFPHEYAY 141,
machi ni ng a wafer substrate and an adhesive | ayer attached to the wafer

substrate and dffolfiRg WPN&ast BAS of AhseFPrlse Séﬁéng,' e Qﬂ%lleﬂéﬂ,glﬁérfeb%m ase
means to forma singulated die with a singulated adhesive layer; first
curing neans ffeaqueneyi hasertrisecwidth, dasehbeam sramning speed3ind ol mumsker off scanis hyul at ed
adhesi ve Iayeythé ']ﬁggtdtl rﬁ@aﬂi er base neans; pick and place neans for

y! .

pi cki ng the sing dre and adhesive layer fromthe carrier base nmeans

and placing the si t i nd adhesi ve | ayer. on die. pad neans and

second curing rreﬁ‘ﬁggnft eg‘gs&gitﬁ%%sﬁemg‘?’ﬁ%ﬂq ares Iﬁﬁh%rscfo\ycqusgilgpmggfy PRES

si ngul at ed 5di eot @omtf eimeachiting poifilgol A least oile ef lagertpatse @h&rgp dasePBanéleng)

Preferably, the |aser,, i ni ng neans conpé%si%;mhl aser souyrce neans, for
a

provi ding & pURSEASRESLER THHFCY: FSeh PHen GORBaTI8RnIEH FPEN LR neans
for 3 VIO 200%4niércoltis byt dhARE] Bdum, RAUSL B tHeMon@dl hegs! one of | aser

pul se energy, |aser wavel éngthh, -l aser repetition frequency, |aser pulse

wi dt h, | aser beanpfe@é}g?k’gﬂ? 8Ressh s gsaﬁfﬁgﬁg?@;g mbdfig pul sed | aser

beam Advant ageous aser chi ni ng ans turt onpri ses menory

f : as n f |
gﬁgp;y, 5| ag;rS&g{,;ﬁg?\ng%gwg&%@&@ﬁﬁ‘%gm% Lond P38 nedl Gl rrﬁe%ﬁ%?;ep“ Se

aser repe ion frequency, wi dt h,

| aser beam,scanni spee d n er of scans the pul sed | aser beam
for use b?ot he coﬁg?“é eﬁgg’gtsﬂ? d%r%cfnéi{%barp ?raﬁé&?qdreg%(”aéﬁflg ﬁbe% MNVEIMBri ses
ul traviol et cusasenpacteming debridchonn tirgaulited did. he second curing nmeans conpri ses
heat curing neans. 10 Conveniently, the die bonding apparatus includes

washi ng neans for Adegdtigdesusly, the wafer substrate is provided with a protective film to
.protect the wafer substrate from laser machining debris, and the washing means is

- -arranged to remove the protective film from the singulated die.

15 Conveniently, the die bonding apparatus is adapted for carrier base means
* which is one of: a dicing tape, an inflexible tape suitable for thin wafer dicing or
backgrinding; and a glass or other transparent solid.

Advantageously, the die bonding apparatus is adapted for machining a structure
comprising a wafer substrate separated facedown from substantially inflexible
20 transparent backgrinding tape means by the adhesive layer.

The invention will now be described, by way of example, with reference to the

accompanying drawings in which:

Figure 1 is a vertical cross-section of a known wafer, adhesive layer and carrier
film structure;

25 Figure 2 is the vertical cross-section of Figure 1 after dicing;

Figure 3 is a perspective schematic view of laser machining, according to the

invention, of the wafer of the structure of Figure 1;

Figure 4 is a perspective schematic view of laser machining, according to the

invention, of the adhesive layer of the structure of Figure 1; and



| aser machining debris fromthe singul ated die. Advantageously, the wafer
substrate is provided with a protective filmto protect the wafer substrate
fromlaser machining debris, and the washing neans is arranged to renove
the protective filmfromthe singulated die. 15 Conveniently, the die

bondi ng app¥® 06804226 adapted for carrier base neans WhiPEREPYOHHEIE!  a
dicing tape, an inflexible tape suitable for thin wafer dicing or

backgri ndi ng; and Fq%}gggs§ P Ble LHRRSH o T Ye \VE t he

di e bondi ng apparattus is ad t?ortglgef% ?%r h@négﬁ?ﬁﬁ%ogﬁé‘lfr%ﬁgtﬁﬁéég&?gﬁgéj ?i?lr?g a

waf er subst r atieventiparofitieccattier fdmwf therstmvturead Faguré &l |y i nfl exi ble 20
transparent backgrinding tape neans by the adhesive |ayer. The invention

wi Il now be descr ilhé, Figyres\ike referenca nuheralsuiendte likd pargnce to t he

acconpanyi ng drawings in which: Figure 1 is a vertical cross-section of a
known waf er, adhe®Refarihgyethedtiguregrusingra ladekr lbeams 1311 82, B3etp A& Fs@ust@ed0i s t he
vertical cross-sectjon of Fjgur r dicing; Figure 3 _is.a perspective
schematic Vi eV§OBPTSRg @ Waelc W}tﬁg]ngéiimrlﬂfgd £B achrIer pasgeldy ftdhpossidla e waf er
of the structupgndfe HOUHE ts WABUTRA 4thb SDAFPHHBEC thikth %bﬁsﬁf&{n Virgw Of

| aser machining, according-to the invention, of the adr%Zsi ve g{}/yer f the
structure of FRielpmyination of the adhesiyelaps/10 eud caribrsEPoC4080g Sbstantialipyany 5 is a
per spective scghe | ¢ i of . L.as riping, according to the invention, of
the carrier fﬁuﬁﬁqgltfélf‘hfé}g’\flxrm@é?’tﬁee%?ﬁ\%lﬁgerrgg'l. In the Figures |ike reference
nuneral s denote like parts. erri-ng.to the Figures, usi.n | aser, beam 31,
32, 33 to dice a s’lﬁlﬁfpéfrfﬁ}% ?aé{o%ﬁrsef‘ﬁlﬁglg’ Wg/f O“E’lcwlflﬁﬁgn BhEseol Nt ed
on a carrigy hagstrya subbtahtallyaaSddible sipport iBeet ih fiin il Aitghy b ack@iinggsid t he

DAF wi t hout causing substantially any . . . ]
a glass or other transparent’solid.” Alternatively, the carrier base may an inflexible

transparent backgrinding tape with the wafer mounted facedown on the backgrinding
tape for dicing after a backgrinding process.

Referring to Figures 3 to 5, by controlling critical machining parameters of

15  pulse power, pulse repetition rate, pulse width, laser wavelength and laser beam scan
- speed of a laser beam 31, 32, 33, it is possible to dice the wafer 11 and the DAF 12
while only scribing the carrier base 13 and perform complete singulation without
problems of delamination and burr. These critical parameters of the laser beam can

be optimised for each layer 11, 12, 13 to use a laser beam 31, 32, 33 with a

20  respective different cutting strategy or machining profile for each of the three layers,

to maximise machining speed while obtaining a required.quality of machined die.

In this case, each layer 11, 12, 13 is scanned with a predetermined number of
one or more scans with predetermined machining parameters dependent on a known
thickness and known machinability of material of the layer. Where the thickness

25 and/or material are unknown, a nature of a material being machined and interfaces
between layers may be determined by observation of machining characteristics.
Alternatively, the parameters may be determined empirically from samples of wafers
to be machined.

In order to optimise efficiency of singulation, all machining of the wafer may
30 be performed before all machining of the adhesive layer, which may be performed .
before all machining of the carrier base or each dice lane may be completely

machined in turn, or a combination of such strategies may be used.
5



del am nation of the adhesive |layer 12 and carrier base 13 or causing
substantially any burrs, from for exanple, the adhesive |ayer 12. The
carrier base 13 nay be, for exanple, any known carrier filmas used in 10

i ndustry, a substantially inflexible support used in thin filmdicing or
backgri ndi N ¥05/004228| ass or ot her transparent solid. A PEFEBIOYYT he
carrier base may an inflexible transparent backgrinding tape with the wafer
nount ed facedown C L ndl - Lapekorafding Pd; r rLNdi ng
process. Referri n%%e%ﬁfﬁygg’r @E%é;q%ag&an%bgﬁé%}ﬁtorfo giﬁglﬁéﬁi%ar@?ﬁé hibhi ng

par anmet ers of sactiicpdifarevpralieproceptingspeed pesingld ortingsteategy r seachinittgprofilaser

wavel ength and, | aser am s spee fiha er heam 31, 32..33 it IS
possible to dits® § RSP P G e RIS 12110713 A5 R TR i‘sfd&ar"*“&f‘}%g‘“?%%
carrier base ¥or sdvthtieitioaofswbripyess.e si ngul ati on wi t hout probl ems of

del ami nation and burr. These critical parameters of the | aser beam can be

optim sed for eaci trwaltrahdlatid®tablkIndyheltvided t3 aR6WABSH: Sflthe Brder bedmbt h a 20
respective different cutting strategy or machining profile for each of the
three |ayers, allpartneficheivater imbamashigfdspeed whil e obtai ning a required
quality of. machined die. In this case, each layer 11, 12, 13 is scanned with
a predet erm ned nédthevghothe laser machining nrecess hed beenpdessdbed as reenvenieoty ni ng

par anet ers depe n 41 hi eSS Lnabili.ty_of

mat eri al of tﬁ%&q%%lf % érlsgs(%t emtl%%glﬁgn §%%°c%§8aa§%%}§@v%gge}?ri %I?Chéqﬂéé/ﬁ’ﬂnom, a
nature of a mbk daital atlhaiingrfacecfithesihasgivk lapérant satiRr bise] witksut Isipyiflcantlypy be
det er m ned by Obéﬁf(;jva I, on_ of n,ac]?i ning characteristics. Alternatively, the
par anet er d0naPr gl st the garEiApPas¢-cal | y from sanpl es of wafers to be
machined. In order_ to optimse efficiency of singulation, all machining of
the wafer may 30.TBelgsermeshining proces of the|inyaation Aaspen foynddo besaidabletor ayer |

ich may be a machi ning of the carrier base or eac
whi ch b Q%?r?ﬁ 0 Ale [ 1 hi ni f th i b h
e C | et T

dice | ane may y machined in turn, or a conbination of such
strategies my b e’Iﬂﬁqgser ﬁlachinjng process is suitable not only for dicing wafers but also for

machining via structures in wafers with a DAF.

15 The laser machining process of the invention may optionally be performed, in a
known manper, in an active gas environment or in a gas environment where photo-
dissociation produces active radicals. Laser machining in a suitable active gas
environment changes a chemical nature of debris produced. In particular, under
suitable conditions, a chemical reaction between a suitable active gas and the debris -

20 while in a molten state results in removal of debris in gaseous form, with

consequentially reduced deposition of solid debris around a laser machining site.

Following singulaﬁon, the singulated die may be washed to remove debris
produced during laser machining, before curing of the DAF. Alternatively, the wafer
substrate may be protected from such debris by a protective film and the protective

- 25  film and accumulated debris may be removed by washing.

Once the structure has been machined, die bonding of a singulated die proceeds
substantially as in the prior art. The carrier base 13, or an adhesive, not shown,
between the carrier base, tape or film and the adhesive layer, is cured with uliraviolet
light to release the singulated die 15 from the carrier tape or film 13. The singulated

30 die 15 is picked from the carrier base, tape or film 13 and placed on a die pad.
Alternatively, the die 15 may be picked and placed on another die to form a multi-

6



WO 2005/ 004226 PCT/ EP2004/007161 Alternatively, where machining quality of
the individual |ayers may be sacrificed for overall processing speed, a
single cutting strategy or nmachining profile is used to cut two or al
three layers 11, 12, 13, using an optim sed machining profile for a

combi nat i oWI00KWdIR6| ayers. 5 A known transl ation tabl ePEHFPHE/ME} ded to
all ow access of the |aser beamto all parts of the wafer to be machi ned.
Al t hough the lggledieFackagsi THe JAh&ERISyeh a8 tHRAaFuheIdié Ped 1Rat GREVRNIRAE | Y
scribing the carrier base, it will be understood that alternatively |aser
machi ni ng nay thesingylatedsdie ta the diei nad <araethergtie, fordughbordspya pregeesingand carri er
base, without significantly, 10 or at all, scribing the carrier base. The
| aser machi ning process of the invention has been found to be suitable for
wafers up to 800mthick. This |laser machining process is suitable not only
for dicing wafers but also for machining via structures in wafers with a
DAF. 15 The | aser nachini ng process of the invention may optionally be
performed, in a known manner, in an active gas environnment or in a gas
envi ronment where photo- dissociation produces active radicals. Laser
machining in a suitable active gas environment changes a chem cal nature of
debris produced. In particular, under suitable conditions, a chem cal
reacti on between a suitable active gas and the debris 20 while in a nolten
state results in renoval of debris in gaseous form with consequentially
reduced deposition of solid debris around a | aser machining site. Follow ng
singul ation, the singulated die nmay be washed to renove debris produced
during laser machining, before curing of the DAF. Alternatively, the wafer
substrate may be protected from such debris by a protective filmand the
protective 25 filmand accunul ated debris may be renoved by washi ng. Once
the structure has been nachi ned, die bonding of a singulated die proceeds



substantially as in the prior art. The carrier base 13, or an adhesive, not
shown, between the carrier base, tape or filmand the adhesive |ayer, is
cured with ultraviolet 1light to release the singulated die 15 fromthe
carrier tape or film13. The singulated 30 die 15 is picked fromthe carrier
base, tape or film 13 and placed on a die pad. Alternatively, the die 15
may be picked and placed on another die to forma nmulti- 6 WO 2005/ 004226
PCTI EP2004/ 007161 stack di e package. The adhesive |ayer on the singul ated
die 15 is heat cured to adhere the singulated die to the die pad, or

anot her diGLAIMS: further known processing. 7 CLAIMS: 1. A nethod of die
bondi ng conprising the steps of. providing a structure (10) conprising a
waf er substrate (11) separated fromcarrier base neans (13) by an adhesive

llayer (12) adhered hométhed 6fdié berdikasmphiia %ebsyepaoflgus\tldla heflst@rehedyneen the
carrier base (13) and the adhesive |ayer (12); |aser machining through the

waf er sub$PPBRENg ¢ H‘@qu|SP§$fa§o(Hékfe\Péfateérfﬂmt RIEETGPRsE Imeangitids by & adlesiveno nor e

than at MYHer {]19) %E}eﬁ‘%o HaRacRf Bds@'fne%ﬁﬁf amhés‘ﬂlef&f%en%esdaﬂwb()%?% die (15)
wi th an attached singul at ed adhesi ve (12); curing the structure to

rel ease t hned thetadbesing 13:{%@@)61@@&! rmhlemg\ﬁ Ouﬁy‘élp Wafes snbstratec therfirgtradhessie neans
by curing éhﬁ‘ghctdé?ﬁe dﬂgst.\%sl!gye?no gio%t'hﬁigat%élt | RGbd e {}ﬁerql % 35 gpned

si ngul at e Ve Tayer curing si ngul at ed
adhesi ve lazyenlated dafdﬁé) with lae atlached ﬂngdlm'edchdheqn@dayez (12 cmeingohb sgictuteatorred i n

claim1l, erei.n th tep . ,of ses C ing the
Garer subdt it IR el SRy Rk pEShe RGN B cp PRt i B Flof B g
profile Ofadliesivecpleldné aseplaging 8. JlowRr attabmes‘ngphkeﬁeadhésﬁ)et llaj(eriﬂ & dit @ad;| aser

pul se width | aser am scanni ng speed and | aser ave usi ng a second
aser beari SSEq Hag e SBEUREU STl Ve BUs MG IPGPF Rt Gegaeni no. t be

adhesi ve layer (12) and using a third laser beam (33) with a third such
machi ning profile to machine the carrier base neans (14) such that a speed

of machini ng i 3 maxPnimsdedvasi tlaimsd oipi elpiny 1 Whewsiethsr e &f lasgh machingg

comprises laser machining the wafer substrate (11) using a first laser beam (31) with a first
machining profile of selected laser pulse power, laser pulse repetition rate, laser pulse width,
laser beam scanning speed and laser wavelength; using a second laser beam (32) with a
second such machining profile to machine the adhesive layer (12) and using a third laser
beam (33) with a third such machining profile to machine the carrier base means (14) such
that a speed of machining is maximised while providing a predetermined quality of
singulated dies without substantial delamination of the adhesive layer and the carrier base

means or substantial production of burrs.

3. A method as claimed in claim 2, wherein at least two of the first machining
profile, the second machining profile and the third machining profile are a same machining

profile.

4, A method as claimed in any of the preceding claims, wherein the step of

curing the structure (10) comprises curing with ultraviolet light.

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

curing the attached singulated adhesive layer (12) comprises heat curing the adhesive layer.



singul ated dies wthout substantial delamnation of the adhesive |ayer and
the carrier base neans or substantial production of burrs. 3. A nethod as
claimed in claim2, wherein at least two of the first machining profile,

t he second machining profile and the third nmachining profile are a sane
machining profile. 4. A nethod as clainmed in any of the preceding clains,
wherein the step of curing the structure (10) conprises curing with
ultraviolet light. 5. A nmethod as clained in any of the preceding clains,
wherein the step of curing the attached singul ated adhesive | ayer (12)
conprises heat curing the adhesive layer. 8 6. A nethod as clained in any of

t he preceding ¢l ai ns, erein the ste f. machi ni t he wafer substrate
conpri ses machPni ngkd“%\F?%ﬁF F'&’e(éllﬂ)an?ﬁ?tth?epr\%ﬂgé!’rg ‘Q%B’é’t Pherein tE‘ii')epé’ltr a via

t hrough t Rachmihg kheSwarer suBbtfatd domprRBimhdhniRe D BRhd Gial (AW thel Fhfer dubstatf®t hod as
clainmed in any of the precedin wherein the step of |aser rmachining

cl ai s, I
i ncl udes &1 02 Hathregehghe ‘&?ft“e%“g?t@?éll1)rﬁﬂéFherﬁlhle,"eé§er\fd§hi ng the structure to
renove accunul ated | aser nachining debris fromthe singulated die (15). 8.
A method as claimed in claim7, wherein the step of providing a structure
conprises providi ngAanethadis claineedhinanyief the preesdingiclajms, herein e plepokletert he
structure 3 j i I L of
weshi ng ¢ REUaRE bz o BrREHSEE of b 00ma e TR AL P20t iR
accunul at ectuniglated daseimeachoring dbrisromthecihgaktedld&@ &)d i n any of the preceding
clainms, wherein the step of providing a structure conprises providing a
structure having a wafer substrate (11) less than 800 mcrons thick. 10. A
met hod as cl ai ged i A déodds ¢lhigep e CcRthh Mgwhtrainnie stop F @rdvidimea Streguref | aser
machi ni ng co rises_E%ovidin? an. assi st g: environnment for | aser machining.

a .
11. A net RYBPrSEs proxidpgd sicfediaying@ proffeiivetiim ip grotact e strugtis fom 8frisn assi st

gas enyi bﬂﬂﬁ&ﬁ%uﬁﬂﬂ%érﬁﬁ&h&ﬁ@ﬂn@itff@stﬁa SSashing thdfRAke EdpMIELRmoving
phot o- di ssoci ati on _produces )
the protective film and accumulated debris thereon.

9. A method as claimed in any of the preceding claims, wherein the step of
providing a structure comprises providing a structure having a wafer substrate (11) less than

800 microns thick.

10. A method as claimed in any of the preceding claims, wherein the step of laser

machining comprises providing an assist gas environment for laser machining.

11. A method as claimed in claim 10, wherein the step of providing an assist gas
environment comprises providing a gas environment in which photo-dissociation produces

active radicals.

12. A method as claimed in claims 10 or 11, wherein the step of providing a gas

environment reduces deposition of solid machining debris around a laser-machining site.

13. A method as claimed in any of the preceding claims, wherein the carrier base
means is one of: a dicing tape, an inflexible tape suitable for thin wafer dicing or

backgrinding; and a glass or other transparent solid.



active radicals. 12. A nethod as clainmed in clains 10 or 11, wherein the
step of providing a gas environnent reduces deposition of solid nmachining
debris around a | aser-machining site. 13. A nmethod as clained in any of the
precedi ng clains, wherein the carrier base neans is one of a dicing tape,
an inflexible tape suitable for thin wafer dicing or backgrinding; and a

gl ass or other transparent solid. 9 14. A nethod as clained in any of the
precedi ng clains, wherein the step of providing a structure conprises
providing a structure including a wafer substrate separated facedown from
substantially inflexible transparent backgrinding tape neans by the adhesive

| ayer and the ep qf |aser chinjing i erforped subsequent to
backgri nding t Tl wet_ﬂg&%?ﬁa’ﬁ%‘. In g8l ‘itﬁ%_{’% ingsclaimsi MEreitthaiFPott ¢ he
precedi ng pedviifBBa sRBITE icBmpris PERRIIMY a stRichiié RGIuBRG aPvarel Abstdie sépafitednd

attached singulated adhesi ve | ayer conprises picking and g;a0|n the die
and at t acK&qdeymem avlestpntigfheifledble pasparsnt bagkarinding dgns raesns by eadhgsivei st ack

die packager addtheAtdd & lQ&P%a’EHinﬁa@Hé‘ﬁ)@rtf&ﬁle&:Q{I&Eég&hf‘% bd RSBIdilPABIWHRO Means
arranged for nmachining a wafer substrate (11) and an adhesive | ayer (12)

adher ed t cubshiatewaf er substrate (11) and attached to carrier base neans (13)
by a first adhesive between the carrier base neans (13) and the adhesive
| ayer (12) and for no nore than at nost scribing underlying carrier base
means (13) to flor m & sethgdilaachingi m anytdf the prenglingatlethsacthesinvthe |stepest ( 15) ;

first curing nmeans arranged for curin first adhesive to.rel ease the

si ngul at ed’lcgg’ﬁeaé‘l \PZ“r%y@F %le( g at?’%l?% Sfr%gfaga’gﬂdb%sfveblg%eé RERFs Pickjne 3ck and
pl ace neamptachgtitdieshd Machd Glnigtigtel Béhesisé RGeH cataaokhéti e fdmad Avikistaek Ryer (15)
fromthe carrier base neans (13) and placing the singulated die and
adhesi ve IPASK38-(15) on die pad neans and second curing neans arranged for
curing the singul ated adhesive |ayer (12) of the singulated die to adhere

the singulated die to the die pad neans, . o
16. A die bonding apparatus comprising: laser machining means arranged for

machining a wafer substrate (11) and an adhesive layer (12) adhered to the wafer substrate
(11) and attached to carrier base means (13) by a first adhesive between the carrier base
means (13) and the adhesive layer (12) and for no more than at most scribing underlying
carrier base means (13) to form a singulated die with a singulated adhesive layer (15); first
curing means arranged for curing the first adhesive to release the singulated adhesive layer
(12) from the carrier base means (13); pick and place means arranged for picking the
singulated die and adhesive layer (15) from the carrier base means (13) and placing the
singulated die and adhesive layer (15) on die pad means and second curing means arranged
for curing the singulated adhesive layer (12) of the singulated die to adhere the singulated die

to the die pad means.

17. A die bonding apparatus as claimed in claim 16, wherein the laser machining
means comprises: laser source means arranged for providing a pulsed laser beam (31, 32, 33);
laser beam scanning means; and control means arranged for controlling at least one of laser
pulse energy, laser wavelength, laser repetition frequency, laser pulse width, laser beam

scanning speed and a number of scans by the pulsed laser beam.

10



17. A die bonding apparatus as clained in claim16, wherein the | aser
machi ni ng mneans conprises: |aser source neans arranged for providing a

pul sed | aser beam (31, 32, 33); |aser beam scanni ng neans; and contr ol
means arranged for controlling at | east one of |aser pulse energy, |aser
wavel ength, | aser repetition frequency, |aser pulse width, |aser beam
scanni ng speed and a nunber of scans by the pul sed | aser beam 10 18. A die
bondi ng apparatus as clained in claim1l7, wherein the |aser nachining neans
further conprises nmenory means for storing a machining profile of at |east
one of |aser pulse energy, |aser wavel ength, |aser repetition frequency,

| aser pul se widgh, |ase eam _scanni speed .and a nupber of scans by the
pul sed | aser bignl ﬁdﬁe ?@"ﬁymPﬂ@“Eﬁﬁﬁﬁs? HeaHE 1§®mﬂm&ﬁ%hﬁﬁﬂﬁ?ﬁ6m§pparatus
as cl ai megneais MAYeradoniprisds ey trfeads for WREINE iaNmidAming profile oTUit ildagk SRATS
conprises ultraviolet curing nmeans. 20. A die bonding apparatus as clai ned
in any of [RSPIRURE engey-daseowayiiraed; laser pepetitudirquencyy lpseh PHeaw thy basprrheads heat

curing megffning dpeefatl £nRRE bNQaRRAAAIHRd BRerHedth BHudeby WeoRirolGhahd™® 16 to
20, including "washing neans arranged for washi ng | aser “nmachining debris

fromthe singulated die. 22. A die bonding apparatus as clainmed in claim?21,
wherein the wafigr sybsts I V| | r fve di . r ot ect

t he waf er substlg'at egf(?%r?] Oglgge%p%ﬁgg iaﬁg%gnéé\fe%ﬁng& c%&rﬁ?ﬁ}\e’o &gagiﬁetérph}gans is
arranged tfiost ceningveeanh ecomprseewdtrawigetfcuting feanm t he singul ated die. 23. A die
bondi ng apparatus as clained in any clains 16 to 22, adapted for carrier
base nmeans which is one of a dicing tape, an inflexible tape suitable for
thin wafer dicktg oA dibhkokdng aygparagis aarthimedyinamg ofrclaithh &6 td [Hndpeedietie sol i d.

24. A die bon?inggggparatus.aﬁwq]aLned in any clains 16 to 22, adapted for
machi ni ng &8t f AL g A" Wa"8™substrat e separated facedown from

substantially inflexible transparent backgrinding tape neans by the

adhesive |l ayer. 11 . ) ) ) ) . .
21. A die bonding apparatus as claimed in any of claims 16 to 20, including

washing means arranged for washing laser machining debris from the singulated die.

22. A die bonding apparatus as claimed in claim 21, wherein the wafer substrate
is provided with a protective film to protect the wafer substrate from laser machining debris,

and the washing means is arranged to remove the protective film from the singulated die.

23. A die bonding apparatus as claimed in any claims 16 to 22, adapted for carrier
base means which is one of: a dicing tape, an inflexible tape suitable for thin wafer dicing or

backgrinding; and a glass or other transparent solid.
24. A die bonding apparatus as claimed in any claims 16 to 22, adapted for

machining a structure comprising a wafer substrate separated facedown from substantially

inflexible transparent backgrinding tape means by the adhesive layer.
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