1 Mcro Nozzle Field of the Invention [0001] The
present invention relates to sem conductor packages
reworking. In particular, the invention relates to

\x\&yﬁ}t](ﬂﬁﬂ-‘;(ﬂﬁld net hod usi ng a m cro nozzle for bbﬂs(}z{m'm}()(m;‘s
sem conduct or packages rewor ki ng, and method for

manuf acturing the sane. Background [ 0002] Wth a high
demand on density in sem conductor packaging, quality
control and assurance ‘have becom ng nore inportant
than ever to reduce | osses due to the di spose of

def ecti ve packages. |In aMBabIN@&Gziel Array (BGA)
packages, solder ball faults, including mssing solder
ball s, are common problens that causing the di sposed
of BGA packages. Such \por are often caused by
manuf act uri ng defects}gﬁﬁgkﬁpz$w%%%Hling and/ or

rleadipi m pr dhepees; irpankiodt related e seafiemductiit patitagBeastadgy In

to 1 nspect .each of the BGA package fter the sol der
areDTe i, G ot b plet o e 2 PhFe ozl o the
Gemeshductr adkapRdewdRig PARKAIRR BF Baf@Rturing KeMREK to
refurbish or reball as It requires. [0003] There are

solutions existing in the market today for BQOA
re-working applications gpgidheme cater to | ow and
medi um density grids whereas no product neets the

post - processi ng denmands of high density BOA A sunmary

ese skt | i 0 : faor:
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encl | | de. t r. on the size  of
e PileiE bR g R CGHE 2R Ly BBt b
ifanl@apiptludidg ossingesohiot baily ak colmenod @witdens thiteausing the disposed
C spondi ng.stencil is aligned,over the device. The
7 BT Py 2 rb Bty Putrpien Bt Maptiirutis Jgs. imbroper
sieitinp ndibd de€laibhy@oSds@RCind etes Takfeforedt i Acaidryabiigped each of
meglgqfégngggég% ;fg%ﬁggqg@%ﬁ gzﬁi@bolr uxln?)s grlg%gpgsﬁgé gx\xNgg[id pads. When

defects are found, the packages are sent to rework to refurbish or reball as it requires.

[6003] There are solutions existing in the market today for BGA re-working
applications and these cater to low and medium density grids whereas no product meets
the post-processing demands of high density BGA. A summary of these solutions is as

follows.

[0004] One method for reworking or reballing for small to medium volume
quantities of packages is to use stencils. The stencils are custom made to correspond to
the size of balls and part pads the devices to be reworked. Flux is applied to the bottom
of the device, the corresponding stencil is aligned over the device. The properly sized
solder balls are then poured into stencil while the stencil is affixed to and aligned with

the device. The assembly is then reflowed, cleaned and inspected.



2 [0005]In this nethod, the dressing of the pads and
renoval of solders fromthe device can be done by one

of the avail abl e met hods, such as sol der w ck, sol der
waangemsentd | ow t enperature wave sol der or S@lgRG2R9N00445
techni ques. An inspection is required under a stereo

m croscope or other optical inspection tool to nmake

sure all of the solder balls2have been renpved. These
techni ques have their own drawback. For exanple, the
siob@ser vac dothipmethed shd dregsing®f densdsamigemb e obsddegs from the
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sqQl der balls replacenment process is_slow and requires
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[0010] I n accordance with one enbodi nent, the nozzle
may further conprise a catchnent cup in a formof a
depression around the airway. The catchment cup is

vapapiediibo receive one nmicro solder ball w phraceeptdius
of the catchnent cup less than a dianeter of the

solder ball. It is possible that the catchnment cup is

a cylindrical depression for med around the aj rway. The
catchnent cup can also forma conical nouth to the
aBbveare nittdfifetitesasfather diverre tuad rebélliogmay b regairedowiymaicfective

t : | r. of the solder,ball. 1 n
RS AR in Bk AT of it B3 Thggotder bl
f weplabeent pompssi S eslaw ayll i raglides alighmdnt vithojhe clubdrabetinedear to
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t device alat BUmRiRt toCtPonsite R4 Al todLhnG thdrRBl R9gElaBodBiiNe 1o reflow.
further conprise a cylindrical depression within the

catchnent cup formng two tiers depression around the
airway. [0012]In yet another enbodi nent, the nozzle

may further conprise a pitch control platform defined
around the catclunent cup.Sulmarpitch control platform
may be a surface around the catchnent cup. The surface

e pit (e f .4 have a . . ..
Adgasl'®, 8] ALack A ol SHe Bl B s b REBHR Bl onpiching v
boidse seblpr belis avith qodoldeapick yndplatehppanuwaydng Aveeuah Siv@ips arm,

e ifeh between ea aifr smal | er than hal
OB nORC BB BE T SRRl BRI o brretiona o e
haciunt exndedarmyend art disvautefingahobgh fhe nbRtZbody o@eYirway having
bec{l.weef‘n H;‘E cat chment cups of each airway may formthe
S TEWESHEE S P HEAYFIm SO 11n yet anot her
enbodi nrent of the above aspect, the nozzle body may

have a plurality of the airways. Brief Description of
{9301y awi ccordance with one embodiment, the nozzle may further comprise a

catchment cup in a form of a depression around the airway. The catchment cup is
adapted to receive one micro solder ball with a depth of the catchment cup less than a
diameter of the solder ball. It is possible that the catchment cup is a cylindrical
depression formed around the airway. The catchment cup can also form a conical
mouth to the airway with a largest diameter of the conical bigger than the diameter of
the solder balil,

[0011] In accordance with another embodiment, the nozzle may further
comprise a cylindrical wall projected between the catchment cup and the airway,
wherein said cylindrical wall has a height lesser than a depth of the catchment cup,
Alternatively, the nozzle may further comprise a cylindrical depression within the

catchment cup forming two tiers depression around the airway.

[0012] In yet another embodiment, the nozzle may further comprise a pitch
control platform defined around the catchment cup. The pitch control platform may be

a surface around the catchment cup. The surface of the pitch contro! platform may



[0014] This invention will be described by way of
non-limting enbodi nents of the present invention,

with reference to the acconpanying draw ngs, in which:
wWoLbhdshz | illustrates a cross sectional WeWen7800445
m cro nozzle in accordance with an enbodi nent of the
present invention; [0016]FIG 2A illustrates a mcro
nozzle in accordance w th andt her enbodi ment of the
present invention; [0017]FIG 2B illustrates a cross
shavciaoslativaly smalbfitch. I thisembodizlest, tHe rRELOFAIRNGS Havé Dplaflity

I rnati ve.enbodi nent ,of the present invention;
?B%’%%f‘ﬁ’w ¢ aLuays Iy hae %P‘FCQEJSW@%F%?B ajrypy smaller than half of

f abifahet o et ORleMbAY B WAEE & RfzzIkliGintcBed. NYAC BRIIARESF the
wi th one enbodi nent of the present invention; .

[ B2 herlys betysep the capchpeniscuns of sach alevay| rasyaformi thenpiggh epntrol
WolhdforRi. €ce fabricated under the laser setup of FIG

3A

[0013} In yet another embodiment of the above aspect, the nozzle body may
have a plurality of the airways.

Brief Description of the Drawings

[0014] This invention will be described by way of non-limiting embodiments of

the present invention, with reference to the accompanying drawings, in which:

[0015) FIG. 1 illustrates a cross sectional view of a micro nozzle in accordance

with an embodiment of the present invention;

[0018} FIG. 2A illustrates a micro nozzle in accordance with another

embodiment of the present invention;

[0017] FIG. 2B illustrates a cross sectional view of a micro nmozzle in

accordance with an alternative embodiment of the present invention;

[0018] FIG. 3A exemplifies a laser setup for fabricating the micro nozzle of

FIG. 2A in accordance with one embodiment of the present invention;

[0049) FIG. 3B illustrates a cross sectional view of a work piece fabricated

under the laser setup of FIG. 3A;

[0020]) FIG. 3C illustrates a cross sectional view of the work piece of FIG. 3B
that is further fabricated under the laser setup of FIG. 3A;



WO 2009/ 085012PCT/ SG2007/ 000445 5 [0021)FI G 3D
illustrates a cross sectional view of a mcro nozzle

of FIG 2A which was fabricated fromthe work piece of
wd f00:@4012[ 0022] FIG 4A il lustrates two worKpprRGR%57/000445
that are to be used for fabricating a mcro nozzle in
accordance with one enbodi nent of the present

i nvention; [0023]FIG 4B shows a bonded work piece of
the two work pieces of FIG 4A; [0024]FI G 4C shows a

| mex] set upIGO3D tiabtrheah trogs debforRDIIEke df Watidfo RbEAL MG, 2A

FI 48: . [ 002 | G, 4D shpows s section view of
tﬁgc%gﬁ%%g”%&%{?foﬁl ook pRFoctldG- 38 FI G 4C;
[0026] FIG 4E shows a top view of the bonded work

piece fabricated in FIG . o
[0022] FIG. 4A illustrates two work pieces that are to be used for fabricating a

micro nozzle in accordance with one embodiment of the present invention;

[0023] FIG. 4B shows a bonded work piece of the two work pieces of FIG.
4A;

[6024] FI1G. 4C shows a laser setup for fabricating the bonded work piece of
FIG. 4B;

[0025] FIG. 4D shows a cross section view of the bonded work piece

fabricated in FIG, 4C;

[0026] FIG. 4E shows a top view of the bonded work piece fabricated in FIG,
4Dn;
foozn FIG. 4F shows a top view of the bonded work piece of FIG. 4E that is

fabricated further;

[0028] FIG. 4G illustrates a perspective view of a micro nozzle fabricated in

FIGs. 4A - 4F in accordance with one embodiment of the present invention;

[0029] FIG. SA illustrates a stencil board in accordance with one embodiment

of the present invention;

[0030] FIG. 5B illustrates the stencil board of FIG. 5A bonded to a stencil base

in accordance with one embodiment of the present invention;



4D, [0027] FIG 4F shows a top view of the bonded work
piece of FIG 4E that is fabricated further;

[0028] FIG 4G illustrates a perspective view of a

wo pngugaezzl e fabricated in FIGs. 4A - 4F in pegResdansss
wi th one enbodi nent of the present invention;

[0029] FIG 5A illustrates a stencil board in

accordance with one enbodi nefit of the present

invention; [O030]FIG 58 illustrates the stencil board

qbo:Fl! G S5AHIGuSEd histrads Git ®baded sRagPbdard SCEIG. wfaem\g/iatrﬂxcro
ment of t ventio 6 [0Q31]FIG

SR RIS 08 1 Hhom B S ODE DA A8 g Prospik mgption:
having a mcro nozzle fitted thereon in accordance

wi th one enbodi nent of the present invention;
[0032] FIG. 5D illustrates a laser setup for fabricating the bonded stencil board

in accordance with one embodiment of the present invention;

[0033] FIG. 5E illustrates an enlarge cross section view of the bonded stencil

with the airway ports fabricated thereon in accordance with another embodiment; and

[0034] FIG. SF illustrates a further processed stencil in accordance with yet

another embodiment of the present invention.



[0032]FIG 50 illustrates a | aser setup for

fabricating the bonded stencil board in accordance
wi th one enbodi nent of the present invention;

WEODBBsFI1G SE illustrates an enl arge cross $egk&a07/000445
vi ew of the bonded stencil with the airway ports
fabricated thereon in accordance wi th another
enbodi ment; and [0034]FIG SE illustrates a further
processed stencil in accordance with yet another
enbodi nent of the presBatiledPestiptoon. WO
2009/ 085012PCT/ SG2007/ 000445 7 Detail ed Description
[0035]1In |ine with the above sunmary, the foll ow ng
deexs| i pti ofn bfie @ithtiEhdbve QfmBROCIhE KslloMngh @séRiBALE ¥ Qumber
enpodi pents i s provided to understand the inventive i
f FH&’F’g’g B i‘lF?é“aBP’%%Peﬁ’Pdi“P‘Wﬁntsi Bievided topmderstged the inventive

afeR@I8 Bl the PreRiiR iSlehtidee & dnAll bOSpRkdnt AWENAED [BE alk NoSvever
i nvention rmay be practiced w t%out such specific
d@ptthis gnversinpemapt ba practiged avitheutrpsh sneeifip detaidss oYontseaf the details
SRl T LR L PP
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100 in

[0036] FIG. 1 illustrates a cross sectional view of a micro nozzle 100 in
accordance with one embodiment of the present invention. The micro nozzle 106 is
adapted to {it to a solder ball pick up apparatus (not shown) having a vacuum pick up
arm for picking up a solder ball 150. The micro nozzle 100 comprises a micro channel
airway 110, a catchment cup 120, a pitch control platform 130 and a cylindrical wall
140. The catchment cup 120 is a depression defined around the one end of the micro
channel airway 110. The micro channel airway 110 is a narrow path having one end
exposed to the catchment cup 120 and another end exposed to an opposing side at the
micro nozzle 100. The catchment cup 120 has an inner diameter bigger than that of the
micro channel airway 110 and aligned with the micro channel airway 110
concentrically, The pitch control platform 130 is a projection defined around the
catchment cup 120. The cylindrical wall 140 is built-up within the catchment cup 130
and around the one end of the micro channel airway 110. The micro channel airway

110, the cylindrical wall 140 and the catchment cup 130 are aligned concentrically.

[0037] Still referring to FIG. 1, the catchment cup 120 provides a better control
when the micro nozzle 100 is used for picking up the micro solder ball 150 from a pool
of solder balls. It can prevent multiple balls are picking up to the nozzle at the same
time. The cylindrical wall 140 is provided to further improve the solder balls 150
pickup control. The cylindrical wall 140 and the catchment cup 120 also provide a

better control when placing the solder ball. The micro nozzle 100 with the catchment



accordance wi th one enbodi nent of the present
i nvention. The mcro nozzle 100 is adapted to fit to a
sol der ball pick up apparatus (not shown) having a
weamoums@izck up arm for picking up a sol der balkaihDooosss
The m cro nozzle 100 conprises a mcro channel airway
110, a catchrent cup 120, a pitch control platform 130
and a cylindrical wall 140. ®he catchment cup 120 is a
depression defined around the one end of the mcro
Ch@riﬂﬂlandiﬁﬁuﬁﬁn&ﬂ:@l wél[hmﬁrﬁé alsle t(ﬂﬂﬂg i’rﬁﬂguﬁﬂy m:;éecﬂ.ixﬂ sid 8older
r ow, pat ng one end expagsed t cat chnent
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' VRRRUE AR Pete B Piclad tha ddar balh 450 for plecanienti n t he
catchnent cup 130 and around the one end of the mcro
channel airway 110. The micro channel airway 110, the
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whehmtiteupil 26.0 nozzle 100 i s used for pi cking up the
m cro solder ball 150 froma pool of solder balls. It
can prevent nultiple balls are picking up to the
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cue 12can damaantificaofedftd ha(ve sploy i seRvalletosining iy &€ and tear from
crack tc. . Th tch control platform 130 is adapted
PR €§ﬂ§"§ﬁEPPE§84?%%%m5W§a to avoi d surface adhesion
due to the external forces, such as contact
el ectrificati on adhesi on force I n operations, the
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and place actions. [0040] I n accordance w th anot her
enbodi ment, the micro nozzle 100 can be adapted to
include a plurality of mcro channel airway 110 for
pi cking and placing nmultiple solder balls. Each of the
m cro channel airways 110 al so provides with a
catchnent cup 120, a cylindrical wall 140 and a pitch
control platform 120 as descri bed above. The pitch
control platform 130 is sized to cover substantially a
hal f -pitch di anmeter around the sol der ball so that
nei ghboring pitch control platforns are able to pick
and pl ace the solder balls w thout any obstacles.
[0041] I n accordance with an alternative enbodi nent,



built wthout the cylindrical wall 140, or the two

tiers depression. 9 [0042]FIG 2A illustrates a mcro
nozzl e 200 in accordance with an alternative

vanbogissent of the present invention. The m @e9sO6ZhR445
200 is a single port nozzle adapted for picking and

pl acing a sol der ball 250. The mcro nozzle 200 is
shaped to a coni cal frustun1ﬁaving an upper surface
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200 can be fabricated in any other sizes to suite the
rel evant application. [0045]FIG 3A exenplifies a

| aser setup 300 for fabricating the mcro nozzle



200 in accordance with one enbodi nent of the present

i nvention. The | aser setup 300 uses a carbon di oxi de

| aser to fabricate the mcro nozzle out of an acrylic

wetkomiseee 310 with a thickness of 1 nm ThecGRERRR 000445

di oxi de | aser 300 is | ocated above the work piece 310

wth a |laser pointed down at the work piece 310. The

carbon di oxide | aser 300 pertlrns a first cut to form

acircle of the required dianeter on the surface of

t hfabmtr 160|qkﬁ‘ oehild 1k wider dpagudeiis &l beCdited th ABoWDBOH ﬁhﬂ The micro
he m cro nozzle 200 can_be fornmed. The

cmZtZ%er%QO illsisaet Bt s fede AR MatgdH. Mgt ghically, it can
ps@ﬁﬁgéowszgmbmyﬁw%&yia& @Wﬂ%%%ﬂ%ﬁﬁ&o‘vfﬁ A 2ARk! The

area. For the work iece 3 | aser cut is
r Bigsanels 00 @oswqaw@s%woﬁdf;r ally withrassire betwea §E3¥hrm when

a Sir s._shown
PEARGLF i bRASHLA I87) 0 G GRS By sove
tha:svamdkﬁgnrescae&ir@wd@biurmgnﬁ fbg waooK epingle x&l&n&fatnat. It is

t cut. frustum bl ock 3 f or.med
gl o fkisd peifon il g S SgB 0 e B pbRspiedigany other
thﬁmﬂDQMnmkﬁeavﬁﬂamﬂmﬁHMng a circular well 330 around
the conical frustum bl ock 320. The conical frustum
bl ock 320 renmai ns attached to the work piece 310. The

cesdspn di oxirdeshasehpldf aNekf YPE3M BE EMREanE thdRidd ozzle
coni cal frustun1bock 320 to cut a channel airway 340

04 agrordin with gus enfipdinagih phidie perseikagvegi@. i Bredisosatun 300
Bsed @9&9&?9[0&@§ EosePtd] G ich@ hOhRy ﬂoiﬁb\/&;t t@dn SAE Fork piece
through hole. WD 2009/ 085012PCT/ SC2007/ 0004457 11

[V@avifimothickness af himup.oThrogarhon diixide) i@er 30(Bis lachted bk the work
%6&%%é§£% Cflslagér g?fége? ed%%(ﬁ eat %S&{ ?ie‘?}eﬁ%ﬁﬁn éfg% Qéb&edlbﬁﬁg faser
[30048t{Ainser ﬁtSheut(Iblﬁmmei cigler afatiie B40irédsdifunetaredh tht kerface of the

C f bl.o 320 is noved .fromthe
Sk oo 102U R0S Kn Bl bl PR BT s 0n i Bel A0 be
tfhmedor Khepiuaing i8 perfdrmed toavmultipldaser cing phregoriitCiatervals to

fr tun1b|ock 320 ujre furth ess to
OB e el ESH i Notiicch i Shp iS5t Sarperted for

fZth[Fﬁé‘i; with Q4 Ghtetvab of APsdbndsl bethdonadath duiBt BARA aOdesired cut as
brlcatln% a nultiple ports mcro nozzle in

é F BiCe B t h one enbodi ment of the present

invention. As shown in FIG 4A two work pieces 412

and 414 of the sane size are bonded together with a

13048 - wel dFHg Hhdhe awss seaborsbMigedofibe kvopk pisec AllBstiogving the

%{%ngews ol Ger B-1irs G DOLG ui%’é'uhn Bi g%%d‘é? &%a%ﬁ&f}he laser
er a carbon di oxl1 f %

IEDG T aseThiweg apthah tideughi the wods pieces¥I® fmanﬁrgrarmrcaiaf wel 330

i B BB ACASSGHTp Py  7p g

& thengedt gikverdion. THEhcerlmnrcmelw lagke moesp&rfomm&cbsd shtzedthe

to.fit.a tu connects to a v ucti o S.

el B Pock L SE P ol Gy ) R Pen. BIgt . The

Ellzﬁnel4ﬂ'w:@ 3CIso8S &8yl @ﬁ@kedVﬂaﬁtW fRfse tth o0 BAl 6 eYRd Konical
é%ﬁi6 showi ng the cut of the circul ar depression

%%e bonded work pi ece 416. The cut does not cut

t hrough the bonded work piece 416 so that the circul ar

depression 418 rem nds attached to the bonded work

pi ece 416. FIG 4E shows a top view of the bonded work

pi ece 416. Markings 422 are provided to pre-mark the

exact location of the nulti ports. A 3 by 3 ports

array of airway ports is desired herein. The carbon

di oxi de laser 420 is used to ablate airway ports of

desire depth. An excimer |aser is used to cut though

the markings 422 to formthe airway ports. Each of the

airway ports is provided with a catchment cup, pitch

control platformand/or the cylindrical wall simlar

to the enbodi ments descri bed above. [0050] As shown in



bonded work piece 416 by cutting a |arger circul ar
di sk 424 around the circul ar depression 418
concentrically with one segnent of the larger circular

v 3d09/ds3é12i s removed. The segnent can be rempyedcafobBoids
the larger circular disk 424 is cut out WO

2009/ 085012PCT/ SG2007/ 000445 12 from the bonded work

pi ece 416, or during the cutlbf the larger circul ar

di sk 424. FIG 4G shows a conpl eted piece of the

mides?lpl e pdfa rmiacmioronmzzit of BEE. 21, G%Wbﬂkmléchelmﬁﬁuﬁ)ed over
are honded

Bt REC s 1 i 5o S el RO € ar o

in different colors that would help in |dent|fy|ng t he
d(ﬁth of | aser g%tln I n accordance wt

[0 hat | verERHESHARE ai”@ﬂl 6 grforragsl, ithe C\%’Paﬂ!%ﬁﬁ@@é’l@k 320is
t RegnoSbdTirb@rthd %%ﬁ@&SSIQaWh@ %ohi@aﬁcb'us{quﬁl%hfﬁ’fﬁ I‘éﬁﬁveﬁ' f%&n the

and pl ace operation of sol arrays speci f

qwa’fl& pigse Hlds ghewmin FIGy @Hcfﬂhed@nlcb'efrpﬁi{'@mbh@lﬂ 326 nhm réqmre
U Remér frénkedo SRIMES o G%ﬁ’c!ohﬁsm&e %H&u@g.{xa%ﬁl%zﬁé z@h&%&hﬁ&.

and placi ng onto B strates an
accordance with one enbodi nent, the stencil is

ded t e 0. SO Ils.in an.. .
2 90 9100! S WBoTLLO, RIS b 26y B pors miro
nquzb imazatdencd 5@thame ayabodlihﬁnt of o pies‘eﬁah{/dnhat eAst dmewn in FIG.
S er. ba Is up ,d he BAA re CI|
A S Wt pioat 17 B i et s 8 e S LR & Jaser
swelding Irrracllﬁhéi TheAvohlfied WERDRLAS1 6513 aMdwit it FIGHBSPhe Bonded work
rd 502 is cut t rovi de an

t, h h to
S 47 S5 PRt fnde o ciatbon S Bier SIhGS SBLDIEICSAG. The
i @rtioR (ﬁo:ﬁcﬁkﬁﬁﬁéraﬂﬁﬁfcﬂﬂnﬁs‘:’a fitst chth@ foﬁﬁgieéxrc%laf @bﬂr&@mﬁi I4§§ of a
a circular aperture having a chord de.

é%?élﬁf@. ‘iilal%talf at Ldosifed %Bthd where pirvays @peclol bﬂoag@ggb@emn “The
téﬁ%ulﬁﬁﬂéi‘aréhéﬁ? 4?8’15' s?z%@ ko ¥EA Hibh nat QorrREEd BSacthifiNGdtlon 3 hns,

as shown in
The circular depressnon 418 is cut by hatch-ablation. FIG. 4D is a cross sectional view

of the bonded work piece 416 showing the cut of the circular depression 418 on the
bonded work piece 416. The cut does not cut through the bonded work piece 416 so
that the circular depression 418 reminds attached to the bonded work piece 416. FIG.
4K shows a top view of the bonded work piece 416, Markings 422 are provided to pre-
mark the exact location of the multi ports. A 3 by 3 ports array of airway ports is
desired herein. The carbon dioxide laser 420 is used to ablate airway ports of desire
depth. An excimer laser is used to cut though the markings 422 to form the airway
ports. Each of the airway ports is provided with a catchment cup, pitch control

platform and/or the cylindrical wall similar to the embodiments described above.

{0050} As shown in FIG. 4F, the circular depression 418 is cut out from the
bonded work piece 416 by cutting a larger circular disk 424 around the circular
depression 418 concentrically with one segment of the larger circular disk 424 is

removed. The segment can be removed after the larger circular disk 424 is cut out



[0054] The nmultiple ports mcro nozzle 450 is then
mounted to fit to the aperture 504 of the stencil 501
as shown in FIG 5C The mcro nozzle 450 is used as a
wenpdas@zt o form shal | ow pockets for hol di ngesQbeRF 000445
balls in place on the stencil 501. The stencil 501 is
then place under an exciner |aser table. As shown in
FIG 5D, an exciner |aser 5302is focused on the airway
ports of the mcro nozzle 450 and the array of pockets
comble Soadeddotkipicce d6, or #3ife085 Bt OF ihellarpefcetulirniisktd4, FIG.
F 5D, it is passihle that the ajrway paorts of the
i ere e RERsT 1 Bba s s PAE Wbget her
with the array of pockets in accordance with an
alternative enbodi nent of the present invention.

[8856] FI Gs In B akpve apbodireend iva ek Picpes e kanged wagher to form

Ving oz 0f. bleferstiE e fwooldik pIRES Srelil Qi &k CoiBQ3E: SyoftROnelp in
is renobved fromthe stencil 501 in FIG 5F. As shown

i idenifiang g depheofdpsenyutting. pbracsoxlasoovidy & dicwatievienabridireent,
it bRk WEnhib o R oEECRAGH B 8308 have

stantiall e same dianeter size as the airway
ports. As shown in FIG 5F, after the mcro nozzle is

r ed therefrqg the _pocket.s 508, ar urthe . .
BB Cea TG Bk hdRPrEsalida P! Byl i Siopecine quanic
sind gitth, \a dingid eon bé proeided td had thehatayaf soldee ballsrfoashe parpose of

of. the mcro,nozzl e 0. .[ 0057] The above, m cro, nozzl es
ST ™ i Do TBf RosuthPy Bl ey B R one
fe@ibollinteint, NG QB 8 Pyovidedwn hpidcike afidlo BbEELAUBIiA 8n hRingement
spl deri ngg{ewglrek. Sulch pi ck and place units may .
égﬂﬁP‘Tr%gB sip thegnBp!s ParthyicgRpo 450 3rray -nEhW%‘fl‘é fac_““ate the
ROKiel B8lls Fbkup Nurfngdihk BEARERorka YRE WRRIDSRChA MM fh yet
ggétge option, a suction-purge controller, a power

prenghedimeng whigh is shews s F G- $udfe and val ve and
conpressed air line and etc. [0058] The m cro nozzl es

descri bed above are nmade of PMVA or acrylic. It is
453 bl e t AashaywrherFl6o ISpme steapl beard 682 suohthasigh to provide an

) A% Ok ( PV ,
BESeSUPURS, LS  YEENLPSILE BN e e
[l:ﬁgﬁ_gzﬁlwmhdiﬂhﬂm.cnocimm kpgriurebuyidg :0¢hoBOAdC ahhdxtencil board
58 i b%gadé)dutg) abs e%gxijbaosg 5% of the same size by laser welding to form the stencil

501 as shown in FIG. 5B.

[0054] The multiple ports micro nozzle 450 is then mounted to fit to the
aperture 504 of the stencil 501 as shown in FIG. 5C. The micro nozzle 450 is used as
a template to form shallow pockets for holding solder balls in place on the stencil 501.
The stencil 501 is then place under an excimer laser table. As shown in FIG. 5D, an
excimer laser 530 is focused on the airway ports of the micro nozzle 450 and the array

of pockets can be formed thereon.



single solder ball, or an array of a predeterm ned
si ze solder balls. The BQOA conponents that fail
capillarity tests can be revived under the BQOA rework.

WwO0e0)3shi2l e specific enbodi nents have been dg§&GhReHu014s
and illustrated, it is understood that many changes,

nodi fications, variations and conbi nati ons thereof

coul d be made to the present i nvention w thout

departing fromthe scope of the invention. 14 Cains

1 [00B§] nozzl eStﬂlorefqmiin{k 'tcnﬁi@.psm it 1io psalbdte thab dtlel drwilytfor@ of the

and C us ha |n acuum
suc"?llplie m"irﬂe ﬁ%‘i z‘ﬁsgp% g’r‘fgz F @11BY% @ pockets in

C am‘ordgmmttf Maln‘emﬁw‘rmﬂoam@nvaqu@pnemr inveftiohhe vacuum
suction arm an ai rway passing through the
nozzl e body, the airway having a dianeter smaller than

omsajn cro gaGeesE bl bp a@ &ﬁ&gehf@&"s sséﬂi%nalwxavsfd}ﬂm aéncﬁ 501,
Wa'ﬁressn on around the airwa a cylindrical

pre Hheapisea eazlp dphisapmeved @nﬁ’@mﬂ BpindHE. $he As shown in
apfgess, whehs B ﬁ(%kgls %ﬁh 'al%dgr%:ﬁgtL u)ﬂﬁls ldmhﬁ% tﬁeégl?{«&%hgorts The

| esser than a depth of the cat
f rafi’ckﬁtlS 848 e @@Sfﬁl@frlb tb®$ad@rd1&uaflt¢r$mmas theaulwaj/ dexts. p\s@kown in

SBAG ARSRCE ISR R o G B0 B Wi
f protdsseg underahe/acinmmnlper to pnfvxddmshgaﬂju bigaudiirhaer thinthat of the

airway ports of the micro nozzle 450.

[oos57] The above micro nozzles (single and multi ports) are fabricated
accordingly for fitting onto any known pick and place units for soldering rework. Such
pick and place units may comprise a micro nozzle holder for holding micro nozzles, an
x-y-z axis table, a vacuum generator with purge option, a suction-purge controller, a

power supply unit, an air pressure gauge and valve and compressed air line and etc.

(0058] The micro nozzles described above are made of PMMA or acrylic. It is
possible that other polymers/plastics such as polycarbonate (PC), polyvinylchloride
(PVC), polyetheretherketones (PEEK) and etc. may be desired.

{0059] With the micro nozzle, rework of BGA can be carried out based on a
single solder ball, or an array of a predetermined size solder balls. The BGA

components that fail capillarity tests can be revived under the BGA rework.

[0060} While specific embodiments have been described and illustrated, it is
understood that many changes, modifications, variations and combinations thereof
could be made to the present invention without departing from the scope of the

invention.



an airway passing through the nozzle body, the airway
having a dianeter smaller than one mcro sol der ball
a catchnent cup in a formof a depression around the
ai rway; and a cylindrical depression within the
catchnment cup form ng two tigrs depression around the
airway. 3. The nozzle according to any of clains 1-2,
further conprising: a pitch control platformdefined
around t he catchnent cup. PCT/ S&G2007/ 0000445
ciiascei ved 24 February 2010 , 15 4. The nozzle
according to claim3, wherein the pitch' contro
"platformis a surface around the catchnment cup. 5.
The nozzl e according to claim3, wherein the surface
I, of nbiwd; foppitkihg cpmiarebolgd dilfsoritn shakieapicledndiace hppagimdhhving
pitch, 6. The nozzle according to claith 3, wherein
av#ﬂ@“h%%ﬁm@nbdﬁwohévwwwﬂanalural|ty of the.airways, 7,
The nozzl e according to claim®6; wherein the ailways
hav%“%Zlﬁi P%COB@W%@% r B3 o \iawa%postr?élﬂ}ee/@mturiwotrpazl&rmof

whi ch th nozzl
I nt zganzat w&y Paspmg ttlnomr% LLe nozz!(, gO(Jy, Ee airway having a Slametca sma?lcr lﬁan
one micro solder ball;

a catchment cup in a form of a depression around the airway; and

a cylindrical wall projected between the catchment cup and the airway, wherein said

cylindrical wall has a height [esser than a depth of the catchment cup.

2. A nozzle for picking up micro solder balls with a solder pick and place apparatus having
a vacuum suction arm, the nozzle comprising:
a nozzle body configured for fitting to a vacuum port of the vacuum suction arm;
an airway passing through the nozzle body, the airway having a diameter smaller than
one micro solder ball;
a catchment cup in a form of a depression around the airway; and
a cylindrical depression within the catchment cup forming two tiers depression around

the airway.
3. The nozzle according to any of claims 1-2, further comprising:

a pitch control platform defined around the catchment cup.



[ im6, wherein the
8. The nozzle according to claim6, ‘
surface of the nozzle body between the catchnent cups

[ [ ol . pl at f oP&L/SG2007/0000445
of each airway forns the pitch contr p Reivrt 24 February 301

15

4. The nozzle according to claim 3, wherein the pitch control ‘plalform is a surface

around the catchment cup.

5. The nozzle according to olaim 3, wherein the surface of the. pitch control platform

has a relatively small pitch,

6. The nozzle according to elaim 3, wherein the nozzle body having a plurality of

the airways,

7., The nozzle according to claim 6, wherein the aitways have a pitch between each
alrways smaller than half of a dismeter of the solder ball for which the nozzle is

intended for.

8, The nozzle according fo claim 6, wherein the surface of the nozzle body between

the catchment cups of each alrway forms the pitch control platform.

AMENDED SHEET
IPEAAL



