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sawi ng and singul ati ng sem conductor devices prior to a final assenbly
step into or onto a carrier, lead franme, substrate or Printed Crcuit (PO
board. More particularly, the present invention relates to a nethod and a
means for maintaining bonding pads or bunps ultra clean during a sawi ng or
singulation process. 2. Description of the Prior Art Heretofore, dicing
saws fitted with thin dicing saw bl adds have been enployed to cut streets

or ker fNTPEIOEAMHE INVENIYON di e on a wafer nmounted on a dicing tape or
NI TTO. TM tape nanmed for the largest supplier of dici ng t apes. The sawi ng
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covers ng pa or elec State of
the art dicing saws enpl oy cooli ng and cI eanl ng water during the

saw ng to wash the wafer in a wafer washer after
saw ng @Ma%okzﬁgéjﬁmﬁmdust that collects in the recessed
bondi ng pads. Cooling water is sprayed onto the wafer and/or the saw bl ade
at the kerf being cut. Even though deionized (D.1.) water is used for
cutting. &ield wédie myentienwafer, friction can. cause el ectrostatic discharge
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fo a final assembly step into or onto a carner, lead frame, substrate or Printed Circuit
(PC) board. More particularly, the present invention relates to a method and a means
for maintaining bonding pads or bumps ultra clean during a sawing or singulation
process. ‘

2. Description of the Prior Art
Heretofore, dicing saws fitted with thin dicing saw blades have been employed to cut
streets or kerfs between individual die on a wafer mounted on a dicing tape or
NITTO.TM. tape named for the largest supplier of dicing tapes. The sawing operation
creates very fine silicon dust that deposits onto the die and covers the bonding pads
~ or electrodes on the die. Even though the state of the art dicing saws employ cooling
water and cleaning water during the sawing operation it is necessary to wash the
wafer in a wafer washer after sawing the wafer to remove silicon dust that collects in
the recessed bonding pads.

Cooling water is sprayed onto the wafer and/or the saw blade at the kerf being cut.
Even though deionized (D.l.) water is used for cutting and washing the wafer, friction
can.cause electrostatic discharge (ESD) that in turn may be great enough to damage
state of the art semiconductor devices, but also causes poor wetting of the silicon
dust which results in dry spot contamination of the bonding pads. Unless the silicon
dust is completely removed wire bonding and bond reliability problems will result.



dust which results in dry spot contam nation of the bonding pads. Unless
the silicon dust is conpletely renoved wire bonding and bond reliability
pr obl ers wDl2bowm@sizBt . WO 2004/ 008528 PCT/ SG2003/ 000161 PETISG206s/0ke16WN t hat
silicon dust particles build up on the blade of the wafer. These particles
cause bl ade | oadi ng which shortens blade |ife and al so causes chi pping on
the bottom of the wafer where the noving blade is exiting or |eaving the
cut. D.1. water available at sem conductor plants has a conductivity |evel
of 16 to 18 Meg OChns per centimeter. If processed in house by C02 known
techni ques and steps, wultra clean D.2l. water can be produced which
nmeasures up to 1 (one) Meg Ohm per centineter, and reduces ESD. This
special very clean D.I. water cones with a cost. A state of the art dicing

saw us#ds knewi thal sibiern gest pastieles Auild Lgronmtsidlade f he wader. Tbeseen gal | ons
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greater than 95% dust free bonding pads and to use less D. 1. water. It

woul d be highly desirable to provide a nethod and neans for elimnating the
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o proc IEteToBAd RURMEESD! T Shetial TR A TS . ot BEnRE8Ma ool or
and boAditate ofdtie aut ditirg saw uses fifty gallons per hour. A wafer washer uses three to

ten gallons of D.l. water per hour. The wash cycle and cooling water may be varied

to reduce the dust spots on the bonding pads. It is possible to add surfactant wetting

and cleaning solution to the wash and cooling water to achieve greater than 95%

dust free bonding pads and to use less D.1. water.

It would be highly desirable to provide a method and means for eliminating the need
for most if not all high cost ultra clean D.l. water used in dicing saws and wafer
washers and at the same time increasing the dust free percentage area on bonding
pads so as to enhance the strength of wire bonds.

SUMMARY OF THE INVENTION

It is a primary object of the present invention to provide a semiconductor wafer with
virtually dust free surfaces and bonding pads.

It is a primary object of the present invention to provide a novel method of preventing
silicon dust build up on wafers and bonding pads of die.

" It is a primary object of the present invention to eliminate the need for all or most of
all ultra-clean D.I. water and the use of CO2 processing of D.|. water.



It is a primary object of the present invention to elimnate the need for
all or nost of all ultra-clean D.I. water and the use of CO2 processing of
D. |. watwo.20dd®o2284/ 008528 PCT/ SG2003/000161 3 It is &CprsiGren3yoalsy ect of
the present invention to provide a nethod which virtually elimnates die
chi pping at the bottom surface of a wafer. It is a prinmary object of the
present invention to provide a water-soluble renovable non-ionic
protective filmfor wafers during sawi ng operations. It is a primary object
of the present invention to provide an electrostatic discharge protective
coating over conductive bonding pads 8nd the wafer during saw ng
operations. It is a primary object of the present invention to provide a

renmovabl e water-soluble mnon-ionic filmfor silicon wafers. It is a general
obj ect ltgs aprinareliaet oithemresent isventivn tecpraviser s otethod which visuplly
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requires less very clean D. |I. water when perform ng wafer washing
operatiqns and virtuall elimnates the need for ultra-clean D.I. water.

Accor diti§ 2Ry 'm_ﬁ'é/s‘ébjﬁﬁb‘)%thﬁ@* espidprention torropidesa matersalublegemaveble waf er s
ready th-iQﬁcﬁrBfe@ti@é filrf1 381 \ﬁ/gfé%tdﬂlrifrgrs%ﬂm‘s@BESr%%r -sol uble non-ionic film
agel, p pray of“a Vi stous

made from aste, or Spra I'qui d that is hardened by
heat such as ultraviolet, infrared, or convection. The hardened filmis

non-sol.ubl e in coal, t used for jcing, but is renovabl e after dicing
in a wifef %@ﬂ@rgmg%e%rﬂ??wtépv @rdpdiovide: an elsctiestatis disgharge ot ect i ve
coating virtually elimnates wafer dust deposits in the recessed bonding
pads of the sawn die.

protective coating over conductive bonding pads and the wafer during sawing

operations.

It is a primary object of the present invention to provide a removable water-soluble
non-ionic film for silicon wafers.

It is a general object of the present invention to provide a method for virtually

eliminating the need for D.l. water when performing sawing operations.

It is a general object of the present invention to provide a method which requires less
very clean D.l. water when performing wafer washing operations and virtually
eliminates the need for ultra-clean D.l. water.

According to these and other objects of the present invention clean wafers ready to
be diced are coated with a removable water-soluble non-ionic film made from a gel,
paste, or spray of a viscous liquid that is hardened by heat such as ultraviolet,
infrared, or convection. The hardened film is non-soluble in cool water used for
dicing, but is removable after dicing in a wafer washer using warm water and high
water pressure. The protective coating virtually eliminates wafer dust deposits in the
recessed bonding pads of the sawn die. |

BRIEF DESCRIPTION OF THE DRAWINGS



BRI EF DESCRI PTI ON OF THE DRAW NGS WD 2004/ 008528 PCT/ SG2003/000161 4 FI G

| is an isonetric view of a prior art clean silicon wafer before being
nount ed OWO 2804di08328g t ape and sawn into individual die; PETGG23i0801an

enl arged plan view of a prior art single die after being sawn or diced
froma wafer showing a plurality of bonding pads; FIG 3 is an enl arged
section in elevation taken through a bonding pad at lines 3--3 of FIG 2;
FIG 4 is an enlarged section in elevation taken through several die of a
prior art wafer nounting on an adhesive dicing tape after being sawn
through the full depth of the wafer &@nd into the dicing tape; FIG 5 is an
enl arged section in elevation simlar to FIG 4 show ng a renovabl e

protective coating applied to the present invention wafer before a saw ng
oper at Fla- 14 abmmeﬁw,lewma wrigrarkalean|siliogadvales beforeibeiry evaurnitethoof t he

waf er i . bei. wn t hrough the wafer but before
rem)va?rbgﬁwﬂgﬁ%péglﬁlﬁpesévﬁ/@?ébﬁwﬁg?l Cﬁ?’G 7 is an enl arged section in
el evation of another wafer of the type shown in FIG 5 where the saw cut

does nlgfﬁ,e tend through the wafer to avoid bottom surface cracks and
chi ps; cé'%awnéﬁ{g@ IPlany¥igvwsela paar AR single sie afiepbeingsawar of disedwn i n

FI G 7fr6H§W%‘§§§l€%\{3iggfé @Lqréﬁt?g??yp%mg%;been renoved by washing and a

second renova back grinding tape is added on
top of the wafer; FIG 9 is an enlarged section in elevation of the wafer
shown HGF G 8 a{ter renpval 2004/ 008528 PCT/ SG2003/ 000161

. 3 Is an eniarged section in elevation taken through a bonding pad at lines 3--3

of FIG. 2;
FIG. 4 is an enlarged section in elevation taken through several die of a prior art

wafer mounting on an adhesive dicing tape after being sawn through the full depth of .
the wafer and into the dicing tape;

FIG. 5 is an enlarged section in elevation similar to FIG. 4 showing a removable -
protective coating applied to the present invention wafer before a sawing operation is
performed;

FIG. 6 is an enlarged section in elevation of the wafer shown in FIG. 5 after being
sawn through the wafer but before removal of the protective coating;

FIG. 7 is an enlarged section in elevation of another wafer of the type shown in FIG.
5 where the saw cut does not extend through the wafer to avoid bottom surface
cracks and chips;

FIG. 8 is an enlarged section in elevation of the wafer shown in FIG. 7 after residue
from the saw cut has been removed by washing and a second removable water

soluble film and a back grinding tape is added on top of the wafer;

FIG. 9 is an enlarged section in elevation of the wafer shown in FIG. 8 after removall



5 of the dicing tape and a portion of the bottomof the wafer; FIG 10 is
an enl arged section in elevation of the wafer shown in FIG 9 after the
waf er i s weasheosszd dried and a second dicing tape i s apprisedotsmoetee bott om
of the wafer; FIG 11 is an enlarged section in elevation of the wafer
shown in FIG 10 after the back grinding tape and the second protective
filmis renoved; FIG 12 is a block diagram of a specific exanple of steps
enpl oyed to produce the, protected wafer shown in FIG 6 that may be
washed and dried to provide the wafer shown in FIG 4; and FIG 13 is a

bl ock di agram of a specific exanple of5 steps enpl oyed to produce the wafer
showmn in FIG 4 enploying the wafer shown in FIGS. 5 and 7 to 11.

DESCRI PTI ON. OF THE PREFERRED EMBODI MENTS Refer now to FIG 1 show ng an

i somet of thadlisingdapa and apodian ef thgrbatiam ebthavwiiéar; 10 before bei ng mount ed
on a dicing tape and sawn into individual die 11. In the early years of
dicing wafers into individual die, D.1. water was used to lubricate and

cool tAKGAiGuwan edirbed setsiein dlevatit bRthevafeshowst inlfa G @oafesh the prevent
heat frombuilding up simlar to adgcgrlndl ng wheel or cutoff wheel.

ExcessVatere yrashesh ang dried padiansecandcdiginospaeds appliedto e beftomwadthee . D. 1.
wat er gé the bl ade and hel ps keep the wafer clean. Sub-mcron size
silicon dust fromthe dicing operation produces particles which are very
difficult to wet and tends to accunul ate on the wafer surface, :

ad areas where gold or alumnumfine wires are

particlglcgrji .on thE bondi n ( |
bonded™ ¢ an eprgad seetivinbteleyation of the watarisbowsdaGe 10Mftar the esent
day di gagk §riMingtapé AROHE REbhaFrRiIPOAHR s rdtnoved:

FIG. 12 is a block diagram of a specific example of steps employed to produce the:
protected wafer shown in FIG. 6 that may be washed and dried to provide the wafer
shown in FIG. 4; and

FIG. 13 is a block diagram of a specific example of steps employed to produce the
wafer shown in FIG. 4 erhploying the wafer shown in FIGS. 5 and 7 to 11.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Refer now to FIG. 1 showing an isometric view of a prior art clean silicon wafer 10
before being mounted on a dicing tape and sawn into individual die 11.

In the early years of dicing wafers into individual die, D.l. water was used to lubricate
and cool the diamond dicing blade. The dicing blades must be cooled to prevent heat
from building up similar to a grinding wheel or cutoff wheel. Excessive heat destroys
the thin dicing blade and the silicon wafer. D.I. water cools the blade and helps keep
the wafer clean. Sub-micron size silicon dust from the dicing operation produces
particles which are very difficult to wet and tends to accumulate on the wafer surface,
particularly on the bonding pad areas where gold or aluminum fine wires are bonded
to make the interconnection to the carrier package. Most present day die are



covered with a thin |l ayer of passivation to protect and insulate the
circuitry on the wafer from damage during processi ng. However, the bonding
pads of gebatoospg28r or al um num do not have the passi yaTiSeaod3gyerwclt The
bondi ng pads are bare exposed netal and are bel ow the surface of the
passi vation | ayer. Each bonding pad is like a shallow well on the die.
Silicon dust in nost part will be washed off the wafer surface during the
di cing and after washing operations. However, the bonding pads accumul ate
the silicon dust as the dicing cooling water runs off the wafer during
dicing. The | owered surface of the bomdi ng pads trap the dust as the water
runs off the wafer. Larger wafers with smaller die create nore silicon
dust to contam nate the bonding pads. In recent years, the dicing
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bl ade ahmitueado mat hiage Weé passivatidramyept THeBonding pads e dsé expbded keepi ng
t he bondi ngagads clean. If there is an excess of sSilicon dust on the

bondi n§'etahaird arg belowhesuriacefiihe fassivgtian dayer nbagfy bandiggpsst isdikea uni num
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d i i]ity. Refer, ngw.to FI ¢ show ng_an enl arged plan view
of a pAESHMMate §% sllicofidustas ks dicing sealiopWatpe Ains o Uhpavaigiinsk 12. 'suct
di i ' | gle, , | own is
For 11 PIy T Rivelcld sBRaES Be 1Re6andito s tral S5 add i b Wl o "0 e
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a surfactants to reduce the surface tension of the D.l. water and help remove the

silicoh dust off the wafer surface. While surfactants have been somewhat successful

in cooling the blade and cleaning the wafer, it has not been fully successful in

keeping the bonding pads clean. If there is an excess of silicon dust on the bonding

pads, it reduces the bond strength of the gold, copper or aluminum wire bond. The

contaminated bonding pad can cause the circuit to fail after the device has been

bonded and packaged and installed into some electronic system. Clean bonding

pads will increase semiconductor yields and improve reliability.

Refer now to FIG. 2 showing an enlarged plan view of a prior art single die 11 having
several recessed bonding pads 12. Such die may have over 100 bonding pads on
each side, thus, the die 11 shown is for illustration purposes. In a preferred
embodiment, the die 11 is bonded onto a lead frame (not shown) and the electrode
or pads 12 are bonded with wires which connect the pads 12 to fingers or lead out
pads (not shown). ‘

Refer now to FIG. 3 showing an enlarged section in elevation taken through a
bonding pad 12 of FIG. 2.

The bonding pad 12 comprises a layer of conductive material 13 such as gold,



bondi ng pad 12 of FIG 2. The bonding pad 12 conprises a | ayer of
conductive material 13 such as gold, WD 2004/008528 PCT/ SG003/000161 7

al um numwp 200pPe328t hat connects to the circuitry (not ®ooweroddwoasd on t he
die 11. The recessed bonding pad 12 provides a trap for sub-mcron silicon
dust that is not easily renoved in a wafer washer. The die 11 is
preferably covered with a passivation layer 14 that is both insulative and
protective of the circuitry in and on the die. If a sufficient static
charge is applied to the electrode 12, the circuitry on the die 11 may be
destroyed. It is inportant to avoid ESD during the sawi ng and washi ng
operation of a wafer 10. Refer nowto FIG 4 show ng an enlarged section in
eIevathn taken througB several die 11 of a prior art wafer 10 that was

nount e@ %W“H“HPEP?@QF at gennegie tg Meosirauitry (natiseewnyin rad fonttheidie dAown

one. i ang repbded Bottifiy B! £PBrdiRicn fabdiP sftb-rBBraGlioof IR FhEIENAT e of ©
an i nchasili Emowed m)a wwemaashemThemeﬂﬂaﬁpweMblyz cover@dowitieat o about 450
Mls. A wafer and. washed as shown in FIG 4 can be used

in a dP@SS'%m%‘Yt?ﬁag tﬁ%ﬁl s gb%ﬂﬁtafeean Prajectivieref the cireiiryiin angdan thepe
carri efe, ¥ & BuffiRRsht tatic &'garﬂé gaéﬁl déd)ﬁptgtﬁréﬁétr&!i?tlga{h% él?c‘iﬂr)} Bn Bh& fiend

pl ace nmachines (not shown e nanufacturl and assenbl
oper at fldrmeay beed@amednkﬂ i msp@rbbntvkafaaoldsIESMunng:ﬂlﬁ saving amdtwashiad; Iy

I mredi at el neor 5\’/ into a systemand nust be protected before use.
Ref er RBW#'(? M@ § i ng an enl arged section in elevation of a clean
waf er 10 S|mlar to the wafer 10 in FIGS. 1 and 4 nounted on a flexible

di ci ng tape
Refer now to FIG. 4 showing an enlarged section in elevation taken through several

die 11 of a prior art wafer 10 that was mounted on a dicing tape 15. The prior art
street or kerf 16 is shown extending into the dicing tape up to 1/1000 of an inch
completely severing one die 11 from the other. The die are usually 6 to 20 one
thousandths of an inch thick (Mils) and vary in size from 18 Mils on a side to about
450 Mils.

A wafer 10 of die 11 sawn and washed as shown in FIG. 4 can be used in a die
bonder that selects good die for bonding or used to load tape carriers with good die
or used to load trays that are used in pick and place machines (not shown).
Depending on the manufacturing and assembly operations, the sawn and tested
wafer shown in FIG. 4 is not usually immediately incorporated into a system and
must be protected before use.

Refer now to FIG. 5 showing an enlarged section in elevation of a clean wafer 10
similar to the wafer 10 in FIGS. 1 and 4 mounted on a flexible dicing tape or
NITTO.TM. tape 15 before being diced or sawn. The wafer 10 is provided with a
protective layer or film 17. The film may be sprayed or applied in a photo-resist

spinner and then hardened by heat such as U.V. or L.R. or convectibn. Inthe
preferred embodiment the film is water soluble to warm water under high pressure
up to about 1400 pounds per square inch, but does not dissolve in the presence of



Nl TTO TM tape 15 before being diced or sawn. The wafer 10 is provided with
a protective layer or film17. The filmnmy be sprayed or applied in a
phot o- r eswet2004psszaer and t hen hardened by heat such asPOI$G2a13/0001&1 oOr
convection. In the preferred enbodinent the filmis water soluble to warm
wat er under high pressure up to about 1400 pounds per square inch, but
does not dissolve in the presence of WO 2004/ 008528 PCT/ S&003/ 000161 8
cooling water used in dicing saws. The non-ionic filmconprises water
soluble U V. curable protective coatings. The film17 is insulative and
covers the conductive electrodes or p8ds 12 shielding themfromsilicon
dust and ESD. Refer nowto FIG 6 showing the wafer of FIG 5 after being

sawn co t el r . t he waf and i.nt.o the dicing tape 15 | eaving
separ at 'ﬁ\ﬁﬁﬂf{ff}Q?@i?ﬂgwqq)sa\ﬁ@e@?%pﬂg-!omgg@mfgm "t’%gr\ﬁﬁh@lle Mwn in
FIG 6 twabRspretedtivedosBhgs. A 7ti ldtf0eldnd 8o¢kra! il dust is
renoved fraomthe vvafeer 10?§k}ﬁ?h% 1gr{g(ﬁqp§géést 12.ndThe C ég%%b\l/\]/gﬁgpei s ready
for furélpelrodeseecrads d2ishieldingrtherr fomtsilicopr dustendolB8Dng before wire

bondi ng. Refer nowto FIG 7 showi ng an enlarged section in elevation of a
wafer 10 of the type showmnm in FIG 5 after being diced or sawn with a

shal | owR&feIrfnow toSEIG: & stidingdRe wafBpbf BIG. S dftéibding Rawh & The
depth of the kerf 18 is sel gct ed to prevent crackT&Jng or brglgﬁelhzgw?)ﬁg?he

bot t om 6 Wafer ged intedhe pliging éape 48 deaning sepatated disx T sftaphed ko thenditing i s
hed I i nation byt d not
Fanove ERe S ¥ien 19 fRter AT & st ) < WA hadiarome i 187S° ™

pr ocessandRell silicow dusbisfremov@dshemithe vadfee 1 Kt U6 St pas 120 Ble¥ahhon of
t he waf er,_ shown | I%\ 7 after being washed and a second renovabl e water
sol ubl evater js @;dygoglgm &k gprocessing into Carriers etc. or die bonding before wire

bonding.

Refer now to FIG. 7 showing an enlarged section in elevation of a wafer 10 of the
type shown in FIG. 5 after being diced or sawn with a shallow kerf or street that does
not extend into the dicing tape 15. The depth of the kerf 18 is selected to prevent
cracking or breaking in the bottom of the kerf 18. Before proceeding to the next step
this wafer is washed in a wafer washer to remove all dust and contamination but
need not remove any or all of the protective layer 17 which can be done in this
process.

Refer now to FIG. 8 showing an enlarged section in elevation of the wafer shown in
FIG. 7 after being washed and a second removable water soluble film 19 is applied
on top of the first film 17, if present, or on top of the die 11 of the wafer. A back
grinding tape 21, also available from NITTO DINKE CORP., is applied on top of the
second film 19 to form a stiff or rigid sandwich having outer NITTO.TM. tapes 15 and
21.

Refer now to FIG. 9 showing an enlarged section in elevation of the wafer shown in
FIG. 8 after tape 15 has been removed and the bottom of die 11 (wafer 10) has been
ground or etched. Back grinding and plasma etch machines (not shown) are



on top of the first film217, if present, or on top of the die 11 of the
wafer. A back grinding tape 21, also available from NITTO DINKE CORP., is
appl i ed owotop/@Bs28he second film 19 to forma stiff oPCTiSg2eh3gandwn ch
havi ng outer NITTO TM tapes 15 and 21. Refer nowto FIG 9 show ng an
enl arged section in elevation of the wafer shown in FIG 8 after tape 15
has been renoved and the bottomof die 11 (wafer 10) has been ground or
etched. Back grinding and plasm etch nmachi nes (not shown) are WO

2004/ 008528 PCT/ S&2003/000161 9 commercially avail abl e. The bottom edges
22 of the die 11 are free of chips and cracks, which could affect the
circuitry as well as the exact size of small die. If the die 11 are to be
nount ed face dqwn th and Ball Gid Arrays & (B&),
per f ec COPBYSIGH ?@Lﬁ%@@q E'Jh& ﬁwe?sggafra?ﬁﬁﬁgh@ﬂé argfieqpf eips ANt G 9 i s
washed S 0 nove
i m 16 s apbier SR E%?'EL“% ARVKICks BIcr LA stieRor sl gROK the die UV
FIG 10 showing the sandwich of die 11 in FIG 9 after a second dicing

tape 2 ied t tto of .t arr of separate Ref er now
to b1 o1 e 3R B mgublhd Bedlivih Th@ Tip-chipiwith birens 560 BAIGSTIS BaVaI of  he
back gy rRIspEal r nd/ or

17, |n(gGw\2vaanr ?f%gg%%t}é@s%wls . vvgt e?P%tra uf.'g dlégT (’\%{)érl l‘i'rm%tgelré SO0 as
not t owashedtsoeas to mnaove abk geihding antier etzhing dust, buperoitedeniove fllontd di e 11
may be _cl.ea an Wa, with ultra c n tap water, however, this can
vary flagﬂquglf%g?nq %9\%1“1? qidﬁamyeﬂwpﬁﬁe%%% t he change I n process, since
the larger anount of D. |I. water has already been saved fromuse in the
dicing saw. It will be noted that the end result in FIG 11 is an array of

di e on Refeli rewdo Fige 10 Showing thesanduich of die 11 in FIG. 9 after a second dicing
tape 23 is applied to the bottom of the array of separated die.

a

Refer now to FIG. 11 showing the sandwich of die 11 in FIG. 10 after removal of the
back grinding tape 21 to permit removal of water soluble film 19, and/or 17, in a
wafer washer using D.l. water or ultra clean D.l. water so as not to harm the
protective electrodes 12. It is expected that some die 11 may be cleaned and
washed with ultra clean tap water, however, this can vary from wafer to wafer and .
'may not be worth the change in process, since the larger amount of D.I. water has
already been saved from Use in the dicing saw. It will be noted that the end result in
FIG. 11 is an array of die ona dicing tape 23 ready for use. |

Refer now to FIG. 12 showing a block diagram with seven blocks and a specific
example of steps 29-31 that may be employed to produce the protected wafer shown
in FIGS. 5 and 6. Since some of the steps may be done in a different sequence, the
example is specific and may be varied by those skilled in the wafer preparation art.

Steps 24 to 30 are considered self-descriptive and do not require an additional
explanation. However, step 28 calls for the cooling water when sawing the wafer. I
will be understood that ultra clean D.I. water is NOT required! Further, commercially
available D.I. water is NOT required, thus, a saving of 50 gallons of D.I. water per
saw per hour is available to those skilled enough to provide clean filtered cooling



Refer nowto FIG 12 show ng a block diagramw th seven bl ocks and a
specific exanple of steps 29-31 that may be enpl oyed to produce the

pr ot ect edwaaberoosizewn in FIGS. 5 and 6. Since sone of Prha/Sskaepgormay be
done in a different sequence, the exanple is specific and may be varied by
those skilled in the wafer preparation art. Steps 24 to 30 are considered
sel f-descriptive and do not require an additional explanation. However,
step 28 calls for the cooling water when sawing the wafer. It wll be
understood that ultra clean D.1. water is NOT required! .Further,
commercially available D.I. water islWNOT required, thus, a saving of 50
gallons of D. 1. water per saw per hour is available to those skilled
enough t rovide clegn filtered cooli WO 2004/ 008528 PCT/ SG2003/ 000161
70 wat diateh 1 gny Sugaf e metied frsult ga LltRclean sfiph GskhpodiandigPagis: - r ee

bondi ngoRgKiRh wede Wt Hos¥BiE h8Rliofepssi bl e heretofore. If the manufacturer is
skill ed enough to provide a clean filtered tap water, it can be used for

cooling water in the saw, however, the |last wash water in the washer needs
to be ra-clean D |. er. Refer nowto FJG 13 showi ng a bl ock diagram
Wit h fﬁ‘k@éﬁ%ﬁ%&%ﬁhﬁ %@&%@0%{‘% proyide glesn ”ieﬁe@vFoﬁFbWaEtheManrbeol ocks
32 10 48edTyr S50IMY WaRT IMtHRESMLKSwe vl theBENREsh W | vi ous
met hod in that tiv?g rotective films 17 and 19 aﬁdq{ J\%ﬁgﬁglér@gh:egg]ggasLS and
23 ar etehpluye¢legrel.luwatay. back grinding tape 21 to achi eve perfect bottom

edges 22 on the die 11. The nmethod shown in FIG 13 at block 36 permts the
sane saving of ultra clean D.I. water or D. |I. water as in block 28 of

FIG 1Refélonewes FIGN18Isaelwiy a bissiedibgrane witefitedrPb/ueR aRd dnotH@\isgfec!ific the
protective film 17 is not renoved fromthe el ectrodes or pads 12 until the
| ast waXAMPle & whichssteps in blocks 32 to 46 may be varied in sequence. This method

differs from the previous method in that two protective films 17 and 19 and two dicing

tapes 15 and 23 are employed when using back grinding tape 21 to achieve perfect

bottom edges 22 on the die 11.

The method shown in FIG. 13 at block 36 permits the same saving of uitra clean D.I.
water or D.l. water as in block 28 of FIG. 12. However, in block 37 there ié no need
to use D.|. water if the protective film 17 is not removed from the electrodes or pads
12 until the last washing step 45.

The steps set forth in blocks 32 to 35 are self-descriptive and do not require further
explanation in the specification and are incorporated herein by reference.

In summary, prior art wafers 10, having a clean upper surface with pads 12 (or
electrodes) are coated with a protective coating 17 before dicing which keeps the
pads 12 clean until the sawn die is ready for use. The film or protective coating 17
may be left on the wafer 10 until it is ready for use, thus, can serve as a protective
coating during shipping and handling.

Many manufacturers of wafers and die supply complete wafers to assembly
contractors that will place the die in carriers, in carrier tapes, in waffle trays or in
other forms of carriers or pick the die direct from the dicing tape. Thus, the present



The steps set forth in blocks 32 to 35 are self-descriptive and do not
require further explanation in the specification and are incorporated
herei n bywpebevr®ss2s. | n summary, prior art wafers 10, ha&¢irsg2e030bean upper
surface with pads 12 (or electrodes) are coated with a protective coating
17 before dicing which keeps the pads 12 clean until the sawn die is ready
for use. The filmor protective coating 17 may be left on the wafer 10
until it is ready for use, thus, can serve as a protective coating during
shi ppi ng and handling. Many manufacturers of wafers and die supply conplete
waf ers to assenbly contractors that Wil place the die in carriers, in
carrier tapes, in waffle trays or -in other forns of carriers or pick the
die direct fromthe dici Thus, esent WD 2004/ 008528

PCT/ SCHDGHBNEE eNTAINC AR hB HlaRNINGss O e P B3dE RUICPAHARS WESRORt ¢ he
bond p ovi des
addi ti gﬁgl g}ré?)?{a@ﬁ ﬁ% toéﬁm og/jﬁ easD%dlcgtléS‘ﬁél ro’ce]fbtl QS%@H ?W%rs%‘wg&[/i ng
expl ai natil magydbreused net hod and variations of its use to provide ultra
clean die pads and chip-free protected die, those skilled in this art may
change the sequence of steps w thout departing fromthe clained invention.
Bef or e HaRth i

appr vl g HEDSHRE PRoRrby ol cionuirchighs T ASTRE EprohiaE e Tl
2004/ od@spadspand sbipbesqootested di, trasalsillletl in.this arefaydchefngertieect i ng waf er
bondi ngﬁg gri f&gﬁ'ﬁéﬁ'ﬂﬁ%ﬁgﬂggém@f omeme cla?r?“nrétda}lmvg }o'noréqurre' A ahep ulation

or
tests with and without the protective film 17 show approximately 100% less silicon

dust residue on the bonding pads 12.



providing a clean wafer to be saw cut nounted on a dicing tape; applying a
neutral hardened water soluble filmover the surface of the wafer to be
cut; sawiwg 206wosipR sai d water soluble filmand sai d waPem/Senah3pastst al |y
into said dicing tape; cooling said wafer with cl ean cool water while
sawi ng the wafer without renoving the water soluble film washing said
wafer in a wafer washer using high pressure clean warm dei oni zed water to
renmove said neutral hardened water soluble filmfromthe surface of

i ndi vidual sawn die and fromthe sawn kerf in said wafer; and drying said
waf er prior to removing individual di¥ fromsaid wafer nounted on said

di ci ngCLAMES 2. The nethod as set forth in claim1l wherein said clean cool
wat er conprises a non- deionized water which would ordinarily react with

the eXPP.SR(ﬂn@deidTQ)rﬁt%@ﬁn?fvvaﬂ‘élﬁ ondihg padsrfrsm giliebaci#er dyst dvel neut r al
hardened water soluble fiIlm 3. The nmethod as set forth_in claim1 wherein

the stepntamiagtinrdugngsingulation orPigkge gompiistlo e si8PL i | m conpri ses the

vt or P PR WeBE s A PN A BB 00T 20T Foreh i
cl ai m gpplyiigea Rettial bardpnel Wwatedsoluble findoventhegustaicd of tié watemiprbies es

exposing Said filmto ultraviolet (U V.) or Infra Red (1.R) radiation. 5.
The me€Wlbd as set forth in claim1 wherein the step of applying a film over

T SHSITE B G SUABESPERELET 3Bl Pt gt sy
tape;
cooling said wafer with clean cool water while sawing the wafer without removing the
water soluble film; '
washing said wafer in a wafer washer using high pressure clean warm deionized
water to remove said neutral hardened water soluble film from the surface of
individual sawn die and from the sawn kerf in said wafer; and
drying said wafer prior to removing individual die from said wafer mounted on said

dicing tape.

2. The method as set forth in claim 1 wherein said clean cool water comprises a non-
deionized water which would ordinarily react with the exposed bonding pads of said

die if not protected by the neutral hardened water soluble film.

3. The method as set forth in claim 1 wherein the step of applying a neutral hardened
water sbluble film comprises the step of applying a viscous liquid uniformly to the top
surface of said wafer; and

hardening and drying said film.

4. The method as set forth in claim 3 wherein the step of hardening and drying said
film comprises exposing said film to ultraviolet (U.V.) or Infra Red (I.R.) radiation.

5. The method as set forth in claim 1 wherein the step of applying a film over the

surface of the wafer comprises applying a viscous gel, paste or liquid.



6. A nethod of protecting wafer bonding pads fromsilicon wafer dust and
contami nation during separation froma wafer by a saw ng operation,

conpri si ryotzher/008i2eps of 1 mounting a clean wafer to be PawrsGommodice on a
first dicing tape; applying a first neutral -hardenable water soluble film
on the top surface of the wafer to be sawn; hardening the water soluble
filmto prevent it fromdissolving in cool water; saw ng through said
water soluble filmand partially into said wafer; washing said sawn wafer
in a wafer washer to remove the wafer dust and water soluble film drying
sai d washed and sawn wafer; applying B second neutral hardenabl e water
soluble filmon the top surface of the wafer and into the sawn kerfs of

. ! . : .
ol ubl 6 Amehod.airofbrang viatek bandiRE RS R <DiForofetsy AsF B econg 11 1 m
rémovi antﬁﬁ{iﬂaﬁélgﬁﬂg?é t%ﬁgalfbegi%ﬂ‘fmﬁ PRLERBYS sawing Gpsratiah! soraprisingdher ;

renmovi ng a por ( ttomof said wafer to separate the wafer into
i ndi vi gtepls ofdi e having extrenely clean edges on the die; washing said sawn

wafer in a wafer washi t A f d el YL Ng. sai
haf o ; MRYINIGIA AN AL o Be SAaatR a8 o AT igHBEaBE S i el ng t ape: "and
removi Qgpgﬁﬁg '?iﬁ?(m&ﬁl‘dpﬁbfdbﬁa%ﬂ@mw Siilsle fitarpihehapadantatecofitht avafeol ubl e

filmor omsald wafer to provide individual die with burr and
crack tobesasges. 7. The nethod as set forth in claim6 wherein the step

'bg]::kr Sgg\pﬂﬁnrﬁ@g R Watd soliblk Him tg%tré\(?é’ﬂt% S dlsBHiRG if ST6Y Waks; et chi ng or
sawing through said water soluble film and partially into said wafer;
washing said sawn wafer in a wafer washer to remove the wafer dust and water
soluble film; | |
drying said washed and sawn wafer;
applying a second neutral hardenable water soluble film on the top surface of the
wafer and into the sawn kerfs of said wafer;
hardening and drying said second neutral hardenable water soluble film;
applying a back grinding tape on top of said second film;
removing said dicing tape from the bottom of said partially sawn wafer;
removing a portion of the bottom of said wafer to separate the wafer into individual
die having extremely clean edges on the die;
washing said sawn wafer in a wafer washing to remove wafer dust;
drying said washed and sawn wafer;
mounting said washed and sawn dry wafer on a second dicing tape; and
removing said back grinding tape and said neutral hardenable water soluble film or
films from said wafer to provide individual die with burr and crack free edges.

7. The method as set forth in claim 6 wherein the step of removing a portion of the

bottom of said wafer comprises etching or back grinding.

8. The method as set forth in claim 6 wherein the step of washing said washed and
sawn wafer after removing a portion of the bottom of said wafer comprises washing

with clean cool water so as to not remove the water soluble film or films.



8. The nmethod as set-forth in claim6 wherein the step of washing said
washed and sawn wafer after renoving a portion of the bottom of said wafer
conpri seswaashi/cgs28wi t h cl ean cool water so as to not r@cHse2003®onal er
soluble filmor filnms. WO 2004/008528 PCT/ SG2003/000161 14 9. The net hod
as set forth in claim6 wherein the step of renoving said neutral

har denabl e water soluble filmor filns fromsaid wafer conprises washing
said wafer in a wafer washer using high pressure deionized water to renove
all soluble filmand contam nates thereon. 10. The nethod as set forth in
claim6 wherein the step of sawing thiéugh said water soluble film and
partially into said wafer further includes applying a stream of clean

tral | i t t h l. f j Ci dtot f bei
cut 19 TR afol e St Buh S TR 6 wherdnahS st e tmouas dad Geiialeut ral |
cool i ngav@érfable WA SSEBITild GMMRR fdrhisRicdafécatBphides washing said wafer

in a wafer washer using high pressure deionized water to remove all soluble film and

contaminates thereon.

10. The method as set forth in claim 6 wherein the step of sawing through said water
soluble film and patrtially into said wafer further includes applying a stream of clean
neutral cooling water to the blade of a dicing saw and to the wafer being cut.

11. The method as set forth in claim 10 wherein said clean neutral cooling water
comprises a cleaned filtered tap water.



