ULTRASONI C CLEANI NG MODULE Field of Invention 5 The invention relates to

t he cl eaning of singul ated sem conductor or electronic packages using
cleaning fluid ejected onto the packages. Background and Prior Art 40 In
nost sem conduct or manufacturing techni ques, a nunber of individual

el ectronic packages, such as sem conductor Chip Scal e Packages (CSP) are
formed on a single substrate. These i ndi vi dual packages have to be

singul ated or separated before use. One nethod of substrate singulation is
to use a dicing saw to cut t t n.Ji~4.s_mounted on a cutting
chuck. Each substrate typi%ﬁﬁsmg QEEWEMQQHEE an array of integrated
circuit devices or sections of nultiple arrays called panels. These panels
may be arranged in groups of three to five that are equally spaced al ong

t he | engltiglchef inhenkiemstrate. The dicing process produces arrays of sawn or
si ngul ated el ectroni c packages which need to undergo further cleaning,
rinsing and drying processes. The said processes should preserve the

rel atg veTR® ineshtidrPnelaed t@%@%l@bh@i@s oPfsindifateds sagidctdedtdask aligdroiigd must
not cause packages to tilt and overlap in order not to create handling

di f f i cul packegeasing cleabingdluichejgstest eslodbedtiashggen assenbly line. One way of
cl eaning and drying singulated substrate is by the use of a pressurized 25
wat er nozzle and air bl ower wherein the singulated substrate is nmounted on a
hol di ng PaSgransd aAY e At h porous material. However, such pressure-rinse
nozzle cleaning causes difficulties in humdity control, thus incurring
overheads in drying tine of the singulated substrate and may affect t he
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pressurigfikagbanech ta3 samidoneluttdri ORipNScaldnPhbkdges?(CSP) are formed on a

single substrate. These individual packages have to be singulated or separated

before use. One method of substrate singulation is to use a dicing saw to cut the
substrate when it is mounted on a cutting chuck. Each substrate typicaily consists of
15 either an array of integrated circuit devices or sections of multiple arrays called
panels. These panels may be arranged in groups of three to five that are equally
spaced along the length of the substrate. The dicing process produces arrays of
sawn or singulated electronic packages which need to undergo further cleaning,
rinsing and drying processes. The said processes should preserve the relative
20 positions and orientations of these singulated packages and must not cause
packages to tilt and overlap in order not to create handling difficulties during

subsequent processes along an assembly line.

One way of cleaning and drying singulated substrate is by the use of a pressurized
25 water nozzle and air blower wherein the singulated substrate is mounted on a
holding nest and covered with porous matenal. However, such pressure-rinse nozzle
cleaning causes difficulties in humidity control, thus incurring overheads in drying
time of the singulated substrate and may affect the circuitry of the egquipment.
Furthermore, it necessitates complicated design and fabrication of tools for holding

30 the substrate in position within a pressurized chamber to carry out rinsing. Anoather



way is to use an ultrasonic tank, wherein the singulated substrate is
nmounted cn a nesting structure, covered, and is imersed in an ultrasonic
cleaning liquid. However, the set-up of the said ultrasonic tank is
conplicated and usually results in |onger processing tinme, |onger drying
time and difficulties in contam natiorn, 5 managenent of the ultrasonic
cleaning liquid. In addition, the driving frequency of such a conventi onal
ultrasonic tank nmay not be appropriate for cleaning the wire bonded

el ectronic devices. Athird is,to.u centrifuygal c¢leaning. A singulated
Subst r avty 5 TRe6E o wliasbiedBhs, Mhefeit e iliint ShivsTel 1 Evptachodd ne

qui ckly neafiflgt BRUSHIRS! cBV8rddS Bh8SRJ ihaIE68 S iage ditiiddRlic r\ﬂééﬁiﬁg, ﬁ(?\ﬂd.t hen
dried by the 10 spinning notion. However, water and debris wll diffuse

t hr ough Hawevgiptha set-hie of $hengaldaulasenisdaniise cameglitated ranspestiallydesnitsmirh t he
substrate due to the vaﬁuum or ce ,of. th@mcarri er nt ual Ig wat er mar ks
f
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down to submcron levels and to shorte e cycle t or “the'entire
cl eani nguph oz essventBnatatlitrasénicHank nwentnaroe @pptopratarfoobjearing the hare
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provided an ultrasonic cleaning” 25 nodul e conprising a cutting chuck "havi ng
a surf a@edwihen sabplrateals ripsed yupressyrized cuvalee nageiesnaadithentdrest bynthisl i ng a

cuffing device to.separate individua L ect rani. kages.froma .substrate
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packages on the chuck such that the pul sator nozzle may emt fluid toward

t he - 3- force of the carrier. Eventually, watermarks and contamination are formed on

surfaces of the singulated substrate.

15  There is a need for an improved process to clean the singulated substrate down to

submicron levels and to shorten the cycle time for the entire cleaning process.

Summary of the Invention

20 ltis an object of the invention to seek to provide an improved moduie and methaod for
cleaning a plurality of electronic packages in order to obviate some of the problems

of the prior art.

According to a first aspect of the invention, there is provided an uitrasonic cleaning
25 module comprising a cufting chuck having a surface with a plurality of cutling
recesses defined in it for enabling a cutting device to separate individual electrenic
packages from a substrate having a plurality of electronic packages on the surfacz of
the chuck; a pulsator nozzle supported above the chuck and the separated electronic

packages on the chuck such that the pulsator nozzie may emit fluid toward the



packages; and an ultrasonic generator associated with the nozzle that is
adapted to wultrasonically energize fluid that passes through the nozzle.
According to a second aspect of the invention, there is provided a nethod of
formng 5 electronic packages froma comon substrate having a plurality of
el ectronic packages and cl eaning the ilectronic packages, conprising

pl acing a substrate of electronic packages on a surface of a chuck; hol ding

the substrate to the chuck surface; separating the substrate into

i ndi vi dual el ectronic ckages whil e hol di.n t ubst r at nd_ packages to
the chucheckiski. st BESRAferEraltr a3sPttha Hf B As=2E b Rcafiad &8

el ect r onygrapaficade enkRyig ohidahBtbasdcll thigkl theditizzRCt | vating an ultrasonic
generator to apply ultrasonic energy to the fluid that passes through the

nozzle. It would be convenient hereinafter to describe the invention in

one. embodiradnel 7 Recb SRR Renesphr TREH PHEItn IR iR s he”
rel ateed diesfbhiet pabkaged Gtorh Oa b€omHiE sSberateahasingeas pHirattyt be dengsmtity
of the broad identification of the invention as defined by the clainms. 20
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usi ng pressurised water nozzle cleaning and air-drying of a singul ated
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chuck;
nozzle.

It would be convenient hereinafter to describe the invention in greater detail by
15 reference to the accompanying drawings that illustrate one embodiment of the
invention. The particularity of the drawings and the related description is not fo be
understood as superseding the generality of the broad identification of the inventian

as defined by the claims.

20 Brief Description of the Drawings

Fig. 1 shows a plan view of a vacuum cutting chuck for holding a substrate;
Fig. 2 shows a plan view of the vacuum cutting chuck with a substrate comprising
three panels mounted thereon;

25 Fig. 3 shows a sectional view of a prior art cleaning apparatus using pressurised
water nozzle cleaning and air-drying of a singulated substrate;
Fig. 4 shows a sectional view of a prior art cleaning apparatus with a singulated
substrate immersed in a container of cleaning fluid,
Fig. 5 shows an isometric view of a prior art cleaning apparatus using centrifugal

30  cleaning to clean a singulated substrate held on a vacuum chuck;



-4- Fig. 6 is a schematic diagramillustrating an ultrasonic cleani ng nodul e
for cleaning a singulated substrate according to a preferred enbodi nent of
the invention; and Fig. 7 is an isonetric view of the ultrasonic cleaning
nodul e for cleaning a singulated substrate when in use. 5 Detailed
Description of the Preferred Enbodi nent of the Invention Referring to Fig.

1, shows a plan view of a vacuuntcuttlﬁg chuck 13 for holding a substrate.
The cutting chuck 13 includes rows and col unms of patterned cutting 'O

2 that all tt t h t bst r at
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recesses f; | ronic
packages Sl%r?% tléﬁgd sﬁﬁgtlrﬁféﬁﬁcacﬁglﬂg ggs%? r%&ﬁ%eﬁ{%@%ﬁﬁﬁ%@aa@é‘@o&%ﬁé f or med
wi t h vachign/hislassisemetiiogimmeds the yhesonioseaningacidude tartaleaning padhagatetio be
separ at ed to. hold the 15 individual packages 1 onto the chuck 13
after 5%{6%&{%’}8#‘”’%@‘1? 'shows a plan view of the vacuum cutting chuck 13
W th gan unsi ngul ated substrate 28 conprising three panels of electronic
packages nount ed thereon 20 F| g. 3 shows a sectl onal view of a prior art
cl eani ng Retdigdalpe tiongofghe SyatareseiE mbodé grtiinng and air-drying
of a singul at ed substrate 1 of el ectronl C packages. The singul at ed
substrate 1 is nmounted on a nesting tray 2 and covered wth porous materi al
3. The t%féﬁh?rtorﬁ@sq RPGHES pﬁarﬁﬂ%mb@t? Ta%ddu%%uﬂf?\@zélﬂ%khﬂf@ﬁ AYiding a
pressurised water onto the singulated substrate 1 ter which the top air
25 nozz| esbetratad Tihiee cottngoohatk 1aoszL@sSHOMSoandrgotunmssqfnpaﬁatred Etheger
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for holding the singul ated substrate 1 ese
designed according to the arrangement of the electronic packages in the

unsingulated substrate 28. The cutting chuck 13 is formed with vacuum holes 27
located at positions of each electronic package to be separated such as to hold the

15  individual packages 1 onto the chuck 13 after separation.

Fig. 2 shows a plan view of the vacuum cutting chuck 13 with an unsingulated

substrate 28 comprising three panels of electronic packages mounted thereon.

20 Fig. 3 shows a sectional view of a prior art cleaning apparatus using pressurised
water nozzle cleaning and air-drying of a singulated substrate 1 of electronic
packages. The singulated substrate 1 is mounted on a nesting tray 2 and covered
with porous material 3. The top water rinse nozzles 6 and bottom rinse nozzles 7
spray pressurised water onto the singulated substrate 1, after which the top air

25 nozzles 4 and the bottom air nozzles 5 blow-dry the substrate. However, the biow-
drying process produces mist, which in turn increases the surrounding humidity and
affects the drying time of the singulated substrate 1. The nesting tray 2 has a
nesting design that uses partitions for holding the singulated substrate 1. These
partitions hold the substrate 1 bui could interrupt the water spray, thus resulting in

30 poor cleaning since the substrate 1 is partially covered by the partitions.



partitions hold the substrate 1 but could interrupt the water spray, thus
resulting in 30 poor cleaning since the substrate 1 is partially covered by
the partitions. -5- Fig. 4 shows a sectional view of a prior art cleaning
apparatus with a singulated substrate 1 imersed in an ultrasonic cleaning
tank 11 containing cleaning fluid. The singulated substrate 1 is nounted on
a carrier 9, covered with a cover 8. and 5 placed on an ultrasonic
transducer 10 inside the ultrasonic tank 11 with ultrasonic <cleaning |iquid
12. Such tank inmmrersion is inefficient and takes a great deal of tinme to
operate and nmintain, due to the nunmber of handling sequences and
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is mount gd ont ar r.i his . jn turn unted onto a, centrif
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centrifugal table 30 spins in a certain direction 3 dry the substrate
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gaps 22 in the singul ated substrate 1, which |eads to surface contam nati on.

25 Fi g. ®ayafiecs hewreiondedgrlastronic devicasimiheapubatiatadoni ¢ cl eani ng modul e
for cleaning a singulated substrate 1 according to a preferred enbodi nent
of the invention,

Fig. 5 shows an isometric view of a prior art cleaning apparatus using centrifugal

15  cleaning to clean a singulated substrate 1 held on a vacuum chuck. The singulated
substrate 1 is mounted onto a carrier 29 which is in turn mounted onto a centrifugal
table 30. F’ressdrised water nozzles 6 produce water jets to rinse the singulated
substrate 1 held by vacuum on the carrier 29. Thereafter, the centrifugal table 30
spins in a certain direction 31 to dry the substrate 1. However, the said rinsing and

20  spinning steps result in contamination and watermarks on the singulated substrata 1.
The combined effect of holding the singulated substrate 1 by vacuum and the
centrifugal spinning 31 provides a driving force for the water and debris to diffuse

through gaps 22 in the singulated substrate 1, which leads to surface contamination.

25 Fig. 6 is a schematic diagram illustrating an ultrasonic cleaning module for cleaning a
singulated substrate 1 according to a preferred embodiment of the invention,
whereas Fig. 7 is an isometric view of the ultrasonic cleaning module for cleanirg a
singulated substrate when in use. The substrate 28, 1 has a plurality of electronic
packages. A cutting chuck 13 holds the substrate 28, 1 before and after separation

30 of its electronic packages. The cutting chuck 13 has a piurality of cutting recesses



whereas Fig. 7 is an isonetric view of the ultrasonic cleaning nodule for
cleaning a singul ated substrate when in use. The substrate 28, 1 has a
plurality of electronic packages. A cutting chuck 13 holds the substrate
28, 1 before and after separation 30 of its electronic packages. The cutting
chuck 13 has a plurality of cutting regesses -6- defined in it for enabling
a cutting device, such as a dicing saw, to separate individual electronic
devices fromthe substrate 28 on the surface of the chuck 13. The surface

of the c I3 e ol y f I ric rji.al,.such as an
anti st at Bgﬁljﬁ%%ﬁrér'? rrfg{ .e%%ﬁ?gmﬁrg}%ggl %%C%hgﬁélﬁb 1 raatdm ¥ ’cg%fsgpﬁﬁstg t he
surface moidusindleseesic iBviiasgiref inel sutsstr0é 28hen IwdSUHate od8&heaHuaR Thuck
13. Moreover, such elastoneric material pronotes frictional cleaning of
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i ndi vidual electronic packages of the singulated substrate 1 renmain held

ont o t heelggtameric sratexal pronmgtes ftctional wlaarong oh elasgienicpackageasabys rubtreg

ndapt ed TR RBP4 SERThe MeoRlY BRRR 20O BR Sl B Tt thdek Pacplipd e
separat i gﬂgghtédwgusétmbr'p@ slidoalokgars stirfade o ehes URSEN @8 @s tR8y andfernbesgaf ter
to hold individual packages on the chuck 13 after separation of the

subst r at Borghefwckdd vi dual el ectroni ¢ packages. A pul sator nozzle 14 is

supp@_{ted above the chuck and the separated electronic 20 packages of the
singul ated substrate 1 on the chuck such that the pul sator nozzle 14 rmay

em t eneFglicvdgfthei skgzputon df lthe pelettr@®s . padhages faserthe geraadd, andilitiuas
associated with the pul sator nozzle 14 such that fluid flow through the
pul sat orelectronic packages of the singulated substrate 1 remain held onto the cutting chuck
13 by vacuum suction through vacuum means. The vacuum means may comprise

vacuum holes located in the cutting chuck 13 adapted to hold an entire substrate of

15  electronic packages before separation of the electronic packages from the substrate

28, and thereafter to hold individual packages on the chuck 13 after separation of the

substrate 28 into individual electronic packages.

A pulsator nozzle 14 is supported above the chuck and the separated electronic
20 packages of the singulated substrate 1 on the chuck such that the pulsator nozzle: 14
may emit energized fluid toward the packages. An ultrasonic generator 17 is
associated with the pulsator nozzle 14 such that fiuid flow through the puisator
nozzle 14 is energized by the ultrasonic generator 17. The ultrasonic generator 17
operates at an ultrasonic frequency that can energize the stream of fluid when it
25 passes through the nozzle. The fluid may be deionised water 24. A deionised water
valve 20 is turned on and deionised water 24 passes through the pulsator nozzle 14
(for example, the W-357P-50 pulsator nozzle from Honda Electronics Co Ltd) which
moves in a back and forth direction above the cutting chuck 13 while directing

deionised water at the singulated substrate 1.
30



nozzle 14 is energized by the ultrasonic generator 17. The ultrasonic
generator 17 operates at an ultrasonic frequency that can energi ze the
streamof fluid when it 25 passes through the nozzle. The fluid may be

dei oni sed water 24. A deionised water valve 20 is turned on and dei oni sed
water 24 passes through the pulsator nezzle 14 (for exanple, the W357P-50
pul sator nozzle from Honda El ectronics Co Ltd) which noves in a back and
forth direction above the cutting chuck 13 while directing deionised water
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carry ultrasonic energy. When the singulated substrate 1 is brought under the path of
the flowing medium, a high level of cleaning occuts for the removal of particles of
15 submicron to micron size, thus removing the dust particles formed during the

substrate singulation step.

After the cleaning process, the deionised water supply is turned off. An air dryer 15,
which may be in the form of air knives or air nozzles, move back and forth at a
20 postlion directly over the cutting chuck 13 and singulated substrate 1 to direct air at
the singulated substrate 1 to blow away or displace the water remaining on the

surfaces of the substrate 1.

The invention described herein is susceptible to variations, modifications and or
25 additions other than those specifically described and it is to be understood that the
invention includes all such variations, modifications and/or additions which fall within

the spirit and scope pf the above description.



which may be in the formof air knives or air nozzles, nove back and forth
-at a 20 position directly over the cutting chuck 13 and singul ated
substrate 1 to direct air at the singulated substrate 1 to bl ow away or

di spl ace the water remaining on the surfaces of the substrate 1. The

i nvention described herein is susceptibl8&-to variations, nodifications and
or 25 additions other than those specifically described and it is to be
understood that the invention includes all such variations, nodifications
~and/ or addCLAMMS:which fall within the spirit and scope pf the above
description. -8- CLAIMS: 1. An ultrasonic cleaning nodule conprising: a
cutting chuck having a surface with a plurality of cutting recesses defined

in 5it fer enaRlulthdschic diehhing edieecdrapssiagr at e i ndi vi dual el ectronic
packages froma substrate nmounted on the surface of the chuck having a

plurality of el@cuting ehugsdikirg 9;susfasel with arplwistin of eutling recassad sigfined an
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t hat passes through the nozzle, whereby the wultrasonically energized fluid
i s direct eP@@f@98Sand cl eans the el ectroni c packages after they have been

separated whil e, ﬁ%dlééto%%%l?ﬁsn%b&rt& %p[e);[éé e CéHka'ar?tg é%% s-agﬁgré}?tgﬁlﬁct%nic

claim1l, includi an-air er 'suppo f'or Toving

directly opgtkdgee arid dperatied wwHiradtd|uid aptecthet sepairstedtel@dtrorid phbleagegpanat ed
el ectroni ¢ packages to displace fluid renaini nFc_Ij on the el ectroni c packages.
3. Theltodul e ofn cHifAsPRIC \GEBEEIIAT t Frsogiated r Yith the seezzis dhat risnpdaptegr dop

20 consi st aaBhically KR 2AGid? thal'0p4é&% through the nozzle, whereby the

ultrasonically energized fluid is directed onto and cleans the electronic packages

after they have been separated while still mounted on the cutting chuck.

15 2 The module of claim 1, including an air dryer supported for moving back and
forth directly over the cutting chuck and adapted to direct air at the separated

electronic packages to displace fluid remaining on the electronic packages.

3. The module of claim 2, wherein the air dryer is selected from the group

20 consisting of air knives and air nozzles.

4, The module of any one of the preceding claims, wherein the pulsator nozzle is

tited at an angie that is less than 30 degrees to the vertical.

25 5. The module of any one of the preceding claims, wherein the pulsator nozzle is
supported at a height of between 5 and 20 mm above the separated electronic

packages.

B. The module of any one of the preceding claims, wherein a rate of fluid flow

30 through the pulsator nozzle is generated at 3.5 liters per minute or higher.



4. The nodul e of any one of the preceding clains, wherein the pul sator
nozzle is tilted at an angle that is less than 30 degrees to the vertical.
25 5. The nodul e of any one of the preceding clains, wherein the pul sator
nozzle is supported at a height of between 5 and 20 mm above the separated
el ectronic packages. 6. The nodul e of -g¢hy one of the preceding clains,
wherein a rate of fluid flow 30 through the pul sator nozzle is generated at
3.5 liters per minute or higher. -9- 7. The nodul e of any one of the
preceding clains, wherein the fluid is deionised water. 5 8. The nodul e of

any one o7\ e BRESRIMIG of Ay Bhe YRESBodig LARKCRRL G 1L iF RN SnigDs" oY

generated by the ultrasonic generator 1S 1n the order o

ki | ohertz.w8terThe nodul e of claim8, wherein the frequency of ultrasonic
energy generated 10 is approximately 400 kHz. 10. The nodul e of any one of
the preceding clains, wherein the surface of the <cutting chuck is nade of
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15 11. The nodul e any one e I"ai s, 1 ncludi ng va

associ at edulviasbnictenergy gengratéd ok the ulttasiotiongeridrateelie ot thendrdepaf kaggeds ®ft he
chuck by vacuum suction. 20 12. The nodul e of claim 11, wherein the vacuum
nmeans corrplf' acuum holes located in the cutting chuck adapted to hold
an entire substrate of electronic packages before separation of the

el ectroni c packages, and thereafter to hold individual packages on the
chuck aft e®. sep@ihatmadulefoftdieensdbeherdire tharfrequencw otlultdasonic energy generated

10  is approximately 400 kHz.

10.  The module of any one of the preceding claims, wherein the surface of the
cutting chuck is made of an elastomeric material to enhance holding and cleaning of
the substrate.

15
11.  The moduile of any one of the preceding claims, including vacuum means
associated with the cutting chuck for holding the electronic packages to the chuck by

vacuum suction.

20 12. The module of claim 11, wherein the vacuum means comprises vacuum holes
located in the cutting chuck adapted to hold an entire substrate of electronic
packages before separation of the electronic packages, and thereafter to hold
individual packages on the chuck after separation of the substrate into individual
electronic packages.

25
13. A method of forming electronic packages from a common substrate having a
plurality of electronic packages and cleaning the electronic packages, comprising;
placing a substrate of electronic packages on a surface of a chuck; holding the
substrate to the chuck surface; separating the substrate into individual electronic

30 packages while holding the substrate and packages to the chuck; thereafter directing



el ectroni ¢ packages. 25 13. A nethod of form ng el ectronic packages from a
common substrate having a plurality of electronic packages and cl eaning the
el ectroni c packages, conprising; placing a substrate of el ectronic packages
on a surface of a chuck; holding the substrate to the chuck surface;
separating the substrate into individualOelectronic 30 packages while

hol ding the substrate and packages to the chuck; thereafter directing -10- a

streamof fluid onto the separated el ectronic packages through a pul sator
nozzl e and sheam af flHg amtouhersersiatedyRigeiranis Packadsp throwghra Pulsatorenzzs t o

the fluid éﬁfgﬁ t A | e. 4. ; akmyl
further co%rrg?itag F!gg %nsgré%ggplcdgﬁ%tgﬁgﬁaﬁap& I tg%gg@%@eérﬁlﬁgyg&:ug? gﬁﬂg ﬁ?(ta
el ect r oni cpasseisdprmughathdirpziziece flui d remai ning on the el ectronic packages.

15. The method of claim 13 or claim 14, wherein the step of directing air
flow over 10 the chuck and the el ectronic packages is a device sel ected

fromt gipup b Sl . i i ; i . d
of any ona Bt ol o racthRHS s el cbipiingPing AeETrIrechRo sl ol dygPy
angl e t hattheschmatk amd ¢he elct@dicipaciesestto dibplace flid admaibingl én thbesleettdvid of
any one of clainms 13 to 16, including supporting the pulsator nozzle at a
hei ght of PREKAYER- 5 and 20 nm above the separated el ectronic packages. 20
18. The method of any one of clains 13 to 17, including generating fluid
flow through the pulsator nozzle at a rate of 3.5 liters per mnute or

hi gher. 1915 TheThenhetbiodfof alajmotieonélairh ddnwhesein dha 8tepnbidiedstinghar flbwialker s
dei on|1soed the chuck and the electronic packages is a device selected from the group consisting

of an air knife and air nozzles.

16. The method of any one of claims 13 to 15, including setting the pulsator
nozzle at an angle that is not more than 30 degrees to the vertical.

15
17. The method of any one of claims 13 to 16, including supporting the pulsator
nozzle at a height of between 5 and 20 mm above the separated electronic

packages.

20 18. The method of any one of claims 13 to 17, including generating fluid flow

through the pulsator nozzle at a rate of 3.5 liters per minute or higher.

19. The method of any one of claims 13 to 18, wherein the fluid is deionised
water.

25
20. The method of any one of claims 13 to 19, including generating the frequency

of ultrasonic energy in the order of hundreds of kilohertz.

21. The method of claim 20, wherein the frequency of ultrasonic energy

30 generated is approximately 400 kHz.



water. 25 20. The nethod of any one of clainms 13 to 19, including generating
the frequency of ultrasonic energy in the order of hundreds of kil ohertz.
21. The nmethod of claim 20, wherein the frequency of ultrasonic energy 30
generated is approximtely 400 kHz. -11- 22. The method of any one of clains
13 to 21, wherein the step of separatind10f the substrate conprises cutting
the substrate held on the chuck to formindividual electronic packages. 5
23. The nmethod of claim 22, further conprising holding the substrate and the
separated el ectroni c packages to the chuck by vacuum hol ding of the

substrate d LBHAW! rp4)} e ny
one of cl a?%; 1gm'tg omggi,dﬂf %ﬁ%?h?gﬁlﬁ?ﬁg@%%t 2"5‘ e(%‘?' néﬁ?cﬁ-{%g O?Ftﬁgggal}@gt(?at e
al ong t he she sabstrate ¢drapdses kutiingl ther sutrshiate hielhe osuthet clanek fo ot irgividbalck

to frictioréflll clean the substrate. 25. The nmethod of claim 24, wherein the
surface of SRORKRAKAICRade of an 15 el astoneric material .

5
23. The method of claim 22, further comprising holding the substrate and the
separated electronic packages to the chuck by vacuum holding of the substrate and

the individual electronic packages.

10 24. The method of any one of claims 13 to 23, further including the step of sliding
the substrate along the surface of the chuck while removing the substrate from the

chuck to frictionally clean the substrate.

25. The method of claim 24, wherein the surface of the chuck is made of an

15 elastomeric material.



