-1- ULTRASONI C CLEANI NG MODULE Field of Invention 5 The invention rel ates
to the cleaning of singulated sem conductor or electronic packages using
cleaning fluid ejected onto the packages. Background and Prior Art 10 In
nost sem conduct or manufacturing techni ques, a nunber of individual

el ectroni c packages, such as sem compductor Chip Scal e Packages (CSP) are
formed on a single substrate. These individual packages have to be

singul ated or separated before use. One nethod of substrate singulation is
to use a dicing saw t 0 CULTRASORWCLUEBARINGNMODULE nounted on a cutting
chuck. Each substrate typically consists of 15 either an array of integrated
circuit devices or sections of nultiple arrays called panels. These panels
may be [r@ qﬁd i% groups of three to five that are equally spaced al ong

t he Ieﬁgﬁgiﬂ¥—¥ﬂg—§hbstrate. 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 &t i veheonysidioni siateantd dhe ctieaningnef singtisted ssimiganduelar packiggisniend nust
not cause,_packages to .tilt.and over]l in_order not to create handling
diffi CLﬁqcikgge%iHF ﬁ&le%%gaﬁﬂgc%go%gg@%%pg% San assenbl y 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 nounted of a
hol di ngBagkaroundiand Paipedrtini t 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 nay affect the

ci noui tinymoeét $drriceAdueBE Manufattuting neetirqués, snageber ohtisgvidoapeleeabaid desi gn

and fabrication of tools for holding
packages, such as semiconductor Chip Scale Packages (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 typically 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 o1 a
holding nest and covered with porous material. 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 equipmant.
Furthermore, it necessitates complicated design and fabrication of tools for halding

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



30 the substrate in position within a pressurized chanber to carry out
rinsing. Another -2- way is to use an ultrasonic tank, wherein the

singul ated substrate is nounted cn a nesting structure, covered, and is
imrersed in an ultrasonic cleaning liquid. However, the set-up of the said
ultrasonic tank is conplicated and w@ually results in |onger processing
time, longer drying time and difficulties in contam nation 5 managenent of
the ultrasonic cleaning liquid. In addition, the driving frequency of such
a convemdy niml use 1anasltrai;cnitatahk nwyemarm thoe simppfaded isaibetraier iscrheaniemigcm e wire

bonded el ectropi c devi ces. |€th0 usec ntrlfu ¢l eanin
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and then dried spi nni ng notion. However, water a rrs wil
di f f usdonderoygbcessngatimei nloniger diyingul timed asdbstiffiatiieanih beorttaapeibn

under neath the substrate due.to the vacu f e of t ecar ier.
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t he singul a strate down to cron | to shorten the cycle
time fdrortdeel elaciromccdeya'xmsn@ hickesy.is tGusementifugaheleaningnt Acin@dated i s an
obj ect of
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there is provided an ultrasoni'c cleaning 25 nobdule conprising a cutting
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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 Itis an object of the invention to seek to provide an improved module and methad 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 ultrasonic cleaning
25 module comprising a cutting chuck having a surface with a plurality of cutting
recesses defined in it for enabling a cutting device to separate individual electronic
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 nozzle may emit fluid toward the



t he chuck; a pul sator nozzl e supported above the chuck and the separated
“electronic packages on the chuck such that the pul sator nozzle nay emt
fluid toward the -3- packages; and an ultrasonic generator associated with
the nozzle that is adapted to wultrasonically energize fluid that passes

t hrough the nozzle. According to a sécond aspect of the invention, there is
provided a nethod of formng 5 electronic packages froma conmon substrate

having a plurality of electronic packages and cl eaning the electronic
packagepackagesi Al /@y wiraspnig gensndtor paseciated with the oarde ghalkiagsiapde o
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substrate and packages to the chuck; thereafter directing a streamof fluid
onto 10 the separated el ectroni c packages through a pul sator nozzle and

act i vat Aagerding 9l a paedit asprAief e investiapgheraiistpravigdede@ emesheg ot orairg f 1 ui d
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aCCOrrpaFa&medrm RERaNifAthd kleetiohr! paciaesMeefipiBiMg Phaciiiea dubsgbid en. The
particularity of the drawings and the related description is not to be
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Fig. 2 geoyébsirape andvpsokagbs ttbehy abuokn thetddfiey difedtikg \W $thedin oflikid ahéo
conprising three panels nounted thereon; 25 Fi (1; 3 shows a sectional view

of B priher sgparate RieeEORip RATEAISS ULTOIP D% PulsaieTedOZ5iAL @R rASEYABNG | &ani ng
and air Df?r@ébﬂlg, é)éne%ﬁ)'rqg%p%tlfgjlt%&ﬂcr Qﬂgﬁgy to the fluid that passes through the

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 to be
understood as superseding the generality of the broad identification of the invention

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;



Fig. 4 shows a sectional view of a prior art cleaning apparatus with a
"singul ated substrate immersed in a container of cleaning fluid; Fig. 5
shows an isonetric 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 diagramillustratingtan ultrasonic cleaning nodule for
cleaning a singul ated substrate according to a preferred enbodi nent of the
invention; and Fig. 7 is an isonetric view of the ultrasonic cl eaning nodul e
for cl eliy. Bgsa sihematit didgrasalibistratieg ahestrasonic eleabirigemadutedfobeleaming aon of
the Preferr nbodi ment of .the Inveption Referri o Fig. .1, shows a plan
i ew of SHOEeR O s Oibe To 3 HEfrie gt e by e IBntdheiudy ti ng
chuck 1Big. Gk hesomec wed siahe W%éﬁni@élbbﬁfn@%o@Ultetbe‘GIea?aﬂwgr SChYRied? t hat
allow a cutting saw (not shown) to singulate™a substrate having a plurality
of el ecsulbstrate pdkaigasse. The arrangenent of these cutting recesses 2:2 is
designed according to the arrangenent of the el ectronic packages in the
unsihgul at ed substrate 28. The cutting chuck 13 is formed wi th vacuum hol es
27 | oc gicpslicdt DESSIptioANS thé Peaeiredl EpbbaimentRtkedsvdnbioRe separated such as

to hold the 15 1ndividual packages 1 onto the chuck 13 after separation.
Fig. 2 shows a plan view of the vacuum cutting chuck 13 with an unsingul ated
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pressur sgstrateatTele bR eclckan ngclabds abwsdad Nl@hng & patterab8dcgtihgt r at e
1 of electronic ackages. The singul ated substrate 1 is nounted on a

nest@ ngrecespes 22niat @llewedl cuilinghspirpoksheawey tcasingulaipe suWstiae devindnae
nozz| es pﬁ:rglﬂg c;?oélggt%rﬁi'crgaeck%éé.l ?ﬁe7arrangement of these cutting recesses 22 is

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 blow-
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. Thsse
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.



spray pressurised water onto the singul ated substrate 1, after which the top
“air 25 nozzles 4 and the bottomair nozzles 5 blowdry the substrate.
However, the blow drying process produces mst, which in turn increases the
surrounding humdity and affects the drying tine of the singul ated
substrate 1. The nesting tray 2 has-®&- nesting design that uses partitions
for holding the singulated substrate 1. These 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_sectipnal view.of a.pri art cl eani ng apparatus w,th a singul ated
substrafl ¢ FhRERstasrional Pt ey At d BRI sk A FRGL BRI ng
fluid. sihsrdie"Dithaeded iR altfasbnics clRRRHMEARN 18 GMtdihRig SleafiPiefi@d. Wi th a
cover 8, and 5 placed on an ultrasonic transducer 10 inside the ultrasonic
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table 30 spins in a certain direction 31 to dry the substrate 1. However,
the said rinsing and

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. Pressurised 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 substrat= 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 plurality of cutting recesses



20 spinning steps result in contam nati on and watermarks on the singul ated
“substrate 1. The conbined effect of holding the singulated substrate 1 by
vacuum and the centrifugal spinning 31 provides a driving force for the

wat er and debris to diffuse through gaps 22 in the singul ated substrate 1,
which | eads to surface contanmination825 Fig. 6 is a schematic diagram
illustrating an ultrasonic cleaning nodule for cleaning a singulated
substrate 1 according to a preferred enbodi nent of the invention, whereas
Fig. 7 defingd i dhder ienabliegy arcuttieg Weaviaes osich @seandistpdmsaw dof sepaidéanirg a
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and af t he SEQHatelof te 3AuEK 18tis peéfeealslp Mhaded af kAagasstomfegicanbtdriay sUvicks 13 has
a plurality of cutting recesses -6- defined in it for enabli ngﬁa cutting

devi ce, aB @okistadic sukhesi matesiah,whish adpws dhe substiteiZfuig canfern to the sddate es
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anti st aglagtonvérize mat@isrpramotediifiidiionll elsantriteotglestroaicepadkages anfulimg o t he
surface 5 and enhances hol ding efficiency of the substrate 28 to the chuck

13. Nor Bliep betwesn the glackioniq packagesiand feoswtace ot the ¢l T3 when e of
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t he surframethefchiubk 18huck 13 as they are renoved fromthe chuck 13. 10

Fol | ow ng the separation of the el ectronic packages fromthe substrate,
i ndi@i dual el ectronic packages of the singulated substrate 1 remain held

ont o t heofdhihg e Célégéfatiér? oPXhe %}é'ch’tFE}rﬁé‘ ‘Haicﬂa?w W9 iy %%%ffbfé?alﬂﬁivicyéf
vacuum neans y conprise vacuum holes 'l ocated in the cutting chuc 3
adapt edelectrboicparhages of thessibgulatedsatbstrate 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 fluid flow through the pulsator
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 i

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



15 el ectroni ¢ packages before separation of the electronic packages fromthe
"substrate 28, and thereafter to hold individual packages on the chuck 13
after separation of the substrate 28 into individual electronic packages. A
pul sator nozzle 14 is supported above the chuck and the separated el ectronic
20 packages of the singul ated substrdte 1 on the chuck such that the

pul sator nozzle 14 may emt energized fluid toward the packages. An

ultrasonic generator '17 is associated with the pulsator nozzle 14 such
that f1 0heNoEalw is hitsd @t amanglal e%ﬁf%rrablm@tznn@rqﬂ1ars3@ﬁ@g@¢%@ e vejtical,
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val ve 20 is turned on and d d water 24 thr h the ulsator
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low is prefera Itres per mnute I'gher. Therefore, the flow 5
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frequency I n the order of hundreds” of | ohertz. Preferably, the frequency
of ult rlasonacsieeangyf dgiorised avhtes Zépeputmg fratrethg pulsator nozzle 14 which will
carry ultrasonic energy. When the singulated substrate 1 is brought under the pati of
the flowing medium, a high level of cleaning occurs 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 position 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 anc 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.



10 400kHz, which is far fromtypical resonance frequencies of bonding wres
in the electronic devices. Utrasonic energy is transferred to the water
nol ecules in the |am nar stream of deionised water 24 exiting fromthe

pul sator nozzle 14 which will carry ultrasonic energy. \Wen the singul ated
substrate 1 is brought under the pat8-of the flowi ng nmedium a high |evel
of cleaning occurs for the renoval of particles of 15 submcron to mcron
size, thus renoving the dust particles formed during the substrate

si ngul a€LAIMSt ep. After the cl eaning process, the deionised water supply is
turned off. An air dryer 15, which may be in the formof air knives or air
nozzl es, nove back and forth at a 20 position directly over the cutting

chuck 18 andagiuitddontceeleanibgtrhad@eonfpriingct air at the singul ated
substrate 1 to bl ow away or displace the water remai ning on the surfaces of

t he subst r at@ cuttingtehuck@yindoa syefaee ivibda Ritrality af susting-egsespeedetned in
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scope pf the above description. -8- CLAIMS: 1. An ultrasonic cleaning nodul e
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el ect r opackageskages on the surface of the chuck; a pul sator nozzle supported
above the chuck and the separated el ectronic packages on the chuck such
t hat0 t he pul 3at Wiragenis| Qeﬁﬁﬁat@quSPP'@FQﬁ tWitar et H‘@ZZlﬁaé’k%Fgéfs;a%ﬁfﬂed to

ultrasonically energize fluid that passes through the nozzle.

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

15  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

consisting of air knives and air nozzles.

20 4. The module of claim 1, wherein the pulsator nozzle is tilted at an angle that is

less than 30 degrees to the vertical.

5. The module of claim 1, wherein the pulsator nozzle is supported at a height of
between 5 and 20 mm above the separated electronic packages.

25
6. The module of claim 1, wherein a rate of fluid flow through the pulsator no:zzle

is generated at 3.5 litres per minute or higher.

7. The module of claim 1, wherein the fluid is deionised water.
30



10 an ultrasoni c generator associated with the nozzle that is adapted to
ultrasonically energize fluid that passes through the nozzle. 2. The nodul e
of claim1, including an air dryer supported for noving back and forth
directly over the cutting chuck and adapted to direct air at the separated
15 el ectroni ¢ packages to displace fI9i d renmmining on the el ectronic
packages. 3. The nodule of claim2, wherein the air dryer is selected from
the group consisting of air knives and air nozzles. 20 4. The nodul e of

cl ai m 18. wheFlké madide pfiickdmot, wioereirethesfrequersmy cftultiaserriglepergyageneratedtss

than 30_degrees to the vertical, 5. The nmodule of, .claim 1, wherein the

pul sat oY ﬁ%z‘ilﬁés%'cﬁfﬁﬁ@ B 19ithe; Orae thwre(g%f’f/@gwegzand 20 mm above the

separated el ectroni c packages. 25 6. The nodule of claim1l, wherein a rate

of fluid flow throug?h the pul sator nozzle is generated at 3.5 litres per

m nute 9r hi §hemodule Dhelaimdd wherkircthe iequendyesfailiiasonric fenergy penereiteshi sed
ule of claiml, wherein the frequency of ultrasonic

wat%r. . 30 -9-. 8.t ITQ% Hg_g
energy 'SearPé)rrg)f'@(?eMy t0 2l trasonic generator is in the order of hundreds of
kil ohertz. 9. The nodule of claim8, wherein the frequency of ultrasonic

ener gy ?enerat ed 5is a%g;oxi mately 400 kHz. 10. The nodul e of claim 1,
wher ei nT@he §be medulepf elamcumwheaigindheskriase ridle 6URINg dugktis Madecoat er i al

to enha ' Qﬂﬂ I j - e nodul e of claim
1, incl %%S%%%rgdc@%% rreé%seﬁg@é%%{]g[d'e@%@Egt%h‘er?gtcﬁfttplé%éj%g {ug(;k for holding the
el ectroni c packages to the chuck by vacuum sucti on.

10 11. The module of claim 1, including vacuum means associated with the cutting

chuck for holding the electronic packages to the chuck by vacuum suction.

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
15 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.

13. A method of forming electronic packages from a common substrate havirg a
20 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 packages while holding the
substrate and packages to the chuck;
25 thereafter directing a stream of fluid onto the separated electronic packages
through a pulsator nozzle and activating an ultrasonic generator to apply ultrasonic

energy to the fluid that passes through the nozzle.



12. The nodul e of claim 11, wherein the vacuum neans conprises vacuum hol es
| ocated in the cutting chuck adapted to hold an entire substrate of

el ectronic 15 packages before separation of the el ectronic packages, and
thereafter to hold individual packages on the chuck after separation of the
substrate into individual electrontdOpackages. 13. A method of forning

el ectroni c packages froma comon substrate havirg a 20 plurality of

el ectroni ¢ packages and cl eaning the el ectronic packages, conprising

pl aci ng14. subberaethodfofetliaint A dnfustheacrataisinththe stepfeicdirasting aihfiew;oves! di ng

ol oct r o IeA Anl e At Ertndy b es a0 kB dle TRl Bh e et B huc:
25 ther patkgyesdi recting a streamof fluid onto the separated el ectronic

packages through a pul sator nozzle and activating an ultrasonic generator
to apply ultrasonic energy to the fluid that passes through the nozzle.

it 51 olPover TerHetoR AE AT Srunshih i sl Bt FEGhER R e ehifl
renmai ni Bad ARe etDINREpacHtdes iDaCHadEs sefectdd frofethergroag cdinsistiay 6f k# ainher ei n
t he stegnof directi n? air fTlow over the chuck and the el ectronic packages

is a dethiéeaBeladdaZd!es:om the group consisting of an air knife and air
nozzl es. 16. The method of claim 13, including setting the pul sator nozzle
at an angle that 10 is not nore than 30 degrees to the vertical. 17. The

met hod 6. cl FhenmMéthodnsfl dkelin g3 sinpliairlg sittind ehée puRAtsI nole heartangldhgiaght  of
between 5 and 20 mm above the separated el ectronic packages.
is not more than 30 degrees to the vertical.

17.  The method of claim 13, including supporting the pulsator nozzle at a height

of between 5 and 20 mm above the separated electronic packages.

15 18. The method of claim 13, including generating fluid flow through the pulsator

nozzle at a rate of 3.5 litres per minute or higher.
19. The method of claim 13, wherein the fluid is deionised water.

20 20. The method of claim 13, 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
generated is approximately 400 kHz.

25
22. The method of claim 13, wherein the step of separating of the substrate
comprises cutting the substrate held on the chuck to form individual electronic

packages.



15 18. The nethod of claim 13, including generating fluid flow through the
pul sator nozzle at a rate of 3.5 litres per mnute or higher. 19. The

met hod of claim 13, wherein the fluid is deionised water. 20 20. The net hod
of claim 13, including generating the frequency of ultrasonic energy in the
order of hundreds of kilohertz. 21.- The nethod of claim20, wherein the
frequency of ultrasonic energy generated is approximately 400 kHz. 25 22.
The nethod of claim 13, wherein the step of separating of the substrate
conpri s23 cubhe mgethnd efublkeima? hesther omprising lholding thersnhstidite iachdathe

el ectronic ckages.. -11. 23 . The had, of claim 22, further caonprising
ol di ng-arree B eRE e Rhfkedes MRl Paedil e ok e sThe R LCk by
vacuum feligdiviuaf elebforiedckages.and the individual electronic packages. 5
24. The nmethod of claim 13, including frictional cleaning of the substrate

by sliding it along the chuck surface. 25. The nethod of claim 24, wherein

the gsurface pfo hignShYFKIaln 1R HRIRInG RictiBhardigdRinh SR §lb&tatet siiding

it along the chuck surface.

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

elastomeric material.
10





