Mcro Nozzle Field of the Invention [0001] The present
invention relates to sem conductor packages reworKki ng.
wo poopasdoizul ar, the invention relates to syst ePCESE2007/000445
met hod using a mcro nozzle for the sem conduct or
packages reworking, and nethod for manufacturing the
sane. Background [0002] Wth b ni gh demand on density
i n sem conduct or packaging, quality control and
assurance have becom ng nore inportant than ever to
reduce | osses due to theMicspydiszAlé defective
packages. In a Ball Gid Array (BGA) packages, sol der
ball faults, including mssing solder balls, are
common probl ens that causing the disposed of BGA
packages. Such probl errEleéd@fgthl@f?nE%sed by
facturi J ' r .
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all's or bunps are deposited on bond pads. Wen
sranigonductor paskagesreworkdng aad mythod-fop magptactuging thgsape; o
refurbish or reball as it requires. [0003] There are
solutions existing in the market today for BGA
re-wor ki ng applicati ons aBdckgrewsl cater to | ow and
medi um density grids whereas no product neets the
post - processi ng denmands of high density BGA. A sunmary
;bboi]hese SQith hdfigh idémasd bA! ¥y ih QBRHonEMNEor BidResIng, quality
or reworking or reballing for small to nedi um vol une
eandnel and assurshcphbavedgeeming mereisporantithan ever Rheeduce losses due to

tepcils ane. custom nmade g ppnd e_si
o, oF B HRIAERE 4§, L GRR"RARy LG Batatyy Boicer bat
fanltg dntludiclg treisdihg sé1aért tsalls Odre cb@ntb@MproBlendsitRat causing the disposed
correspondi ng stencil is aligned over the device. The

prBEér rrayk%geﬁ-g gugoprablems arg eftiycausaddry pamfagiuing defects, improper
I\?\%ﬂ?ﬂﬁé bhnd)Bt LeBlatil Prove§as and kit affelef6q, 1t 9s AlLssaly ©@Mfiect each of

the BGA packages after the solder balls or bumps are deposited on bond pads. When

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

[0003] 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.



the device. The assenbly is then refl owed, cleaned and

i nspected.[0005] In this nethod, the dressing of the
w@awe/osded2 r enroval of solders fromthe devi ce cBOT/BE2007/000445

done by one of the avail abl e nethods, such as sol der

wi ck, solder vacuum and | ow t enperature wave sol der or

sol der pot techniques. An inspection is required under

a stereo mcroscope or other optical inspection too

toooseke suliethid methbd | the desshidg of il pads Aad fentvdahof solders from the
renmoved. These techn&gues have their own drawback. For

devasppran berdonedbyy ope i dhe vailahle saethads; speh a% selder wigk, solder
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Anot her nethod for reworking and reballing
bﬁc;k agdsson ethenyiske damagstl older auaskiagas .if Aotsdcbraepromrb'f or with the
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system pi ck and pl ace nmechanism and refl owed. After

applying flux to the bottom of the device to be
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fort-intensive tations of this technique
ﬂwe ta Het battom of ¢he d@meetofbﬁ revaorketb rilsd ballsB®A part land patterns are

i5zoR wiflce SR it Joitis’ o Rrelah VBT Uie bedklh B fhe device land
ﬁ&%ﬁéh&ei‘h&\"aﬁsﬁnﬁﬂfyﬁis' thbﬁ]}&[ov&k@' |E&htlﬁﬁhue[ QQQ?]&H@ "Ball size and grid

re-balling systens renove all spheres fromthe

patiepookthe deyied requires @ new pwfﬁrat eThe sqlderqueform pseness isshowever
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IBad&izrntBGACwWItR sbider balls more than 0.3 mm in diameter. This techmque

cannot be used for wafer level BGAs and devices with small inter-ball pitch.

[0007] Some re-balling systems remove all spheres from the component, and,
using a template, replace all spheres at the same time. Contemporary Ball Array
Placement products in the market, such as the Solder Ball Array Placement Module for
the FINEPLACER® marketed under Finetch GmbH & Co. Kg., can handle
simultaneous, precision placement of only up to 200 solder balls directly onto a

substrate or wafer.

[0008] Generally, when a small number of defective soldering is found, the

rework of devices is required. Thus, removal and reballing of all solder balls for the



t he FI NEPLACER(r) marketed under Finetch GrbH & Co.

Kg., can handl e sinultaneous, precision placenent of
wo@i0g/088012 0 200 sol der balls directly onto a sSPOBESGENB000445

or wafer. [0008] Cenerally, when a small nunber of

defective soldering is found, .the rework of devices is

requi red. Thus, renoval and réballing of all sol der

balls for theBGA are not effective as further rework

BCA arhadtleffectivenys fagthéragworleashdveballiflg hewtbevwequiedddehéndefective

is stil] existed.in the rework,and reballin f all

solerne Bl sxistaddndy aorbAN %ebi%élag ot allsolderyalise The salder balls
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tatleeentnifens pitélace  duethen frewdrk ome s éntole suxfacenata of the rework

uhj ect to.extensive wear apd te and  t her mal
ek Foat TDiRST I Tens Ve ST AE 4R S Arir YT geermrions due to reflow.
accordance with one aspect, there is provided a nozzle
for picking up mcro solder balls with a sol der pick
and pl ace apparatus having a vacuum suction arm the

nozzl e conprises a nozzle ?od configured for fitting
to a vacuum port of the va mﬁ@%%ction arm and an
ai rway defines through the nozzle body, the airway

P)%V!?ng a dipaRbRIanSEHith Ve bR0t, e IH 516 Pide@h #8210 8dr picking up

0010] In accordance with one enbodi ment, the nozzle

magrofsoldenkallsyvdittpa selderpickanshplace apparatusrhaginger yacoimzguction arm,
P on arqund th i ~ The gcatehnment cup is

HECAPRE it And e Bod Pnrel L RSt ARRE b Vol ppe of e

OidcutesucadIC i tind Qi Rirway Slefihdthdugh dieicrleody e airway having

solder ball. It is possible that the catchnment cup is

a diameter smafley thap presugre solde badld ar ound the airway. The

catchnent cup can also forma conical nouth to the

airway with a |argest dianeter of the conical bigger

[o0t0] t he dImaebeiancd withene emtiedinieat,Ithe hGfrlel inay further comprise a

?q%ﬁ: or%? Q:%S i\Ill\IIat orr%ng} Q%’epr%gggxg Iarrroeu?lzi’thé 'ﬁm@?z Z'1'11(:"(3 (rzg%ghment 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 ball.

[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 control platform may



conprise a cylindrical wall projected between the

catchnent cup and the airway, wherein said cylindrical
wowi0b/0sms2 a hei ght | esser than a depth of the PEX/8GIOND00445

cup. Alternatively, the nozzle may further conprise a

cylindrical depression within the catchnment cup

formng two tiers depression 4round the ai rway. [0012]

In yet another enbodi nent, the nozzle may further

BV fetiivalyimiallpieBN T tis ahsdd‘lmem fRforgd badpiag hhﬂ&a plurality

cat chpent cu The pitch control pI atform may be

ef the agravays. oljﬁﬁwsmyclmé AtPiteh hetwrsn eaghy Fimnay S@fallﬁh@an half of
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pbznlabmdyybe:tiweém ¢heacatstmysit cupeofieachegipvayamay uen sheppitahhcontrol

bet ween each airway snmaller than half of a dianeter of

plouB| der ball for which the nozzle is intended. Yet,

the surface of the nozzle body between the catchnent

cups of each airway may formthe pitch control

[oa3]f or m [10@&t3dnother eetbodimnh @ therbbalienaspectpthet ivzzle body may
bove a the nozzle body may have a plurality of
é’aa‘i’ll‘{iag‘?y‘)ftg??‘é’f” @Sescription of the Drawi ngs [0014]

This invention will be described by way of

non-limting enbodi ments of the present invention,

with reference to Bﬁef]ae‘s@un@qhyﬂggnw‘mﬁgﬁgs, in which:

[0015] FIG 1 |IIustrates a cross sectional view of a

i.cr.0 nozzle. i.n a r ce wi.th an e ntofth.
BoEnt r mEBindmusARSR i B SestibO i pay GERORTIRLE srfiRiments of
thepédsent ifvafiioal Wik éferdhdd toahOide6mpaiing iAmAgsOin Which:
pr esent i nvent| on; [0017] FIG ZB illTustrates a cross
sectional view of a mcro nozzle in accordance with an
rnativ

@hfﬁ 8] FI G?I(ggpggféum ?&fosg &%1@&?% & ?f z{%fé% h%kle in accordance
with ah efibodigndnid efﬂﬂecpresemciﬁ\zdnaoﬁr,f

[0016] 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 nozzle 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;

[0019] 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;



FIG 2A in accordance with one enbodi nent of the
present invention; [0019] FIG 3B illustrates a cross
wGaemviogiat view of a work piece fabricated undeCT/S$GE07/000445
| aser setup of FIG 3A; [0020] FIG 3Cillustrates a
cross sectional view of the work piece of FIG 3B that
is further fabricated under tRe |aser setup of FIG
3A;[0021] FIG 3Dillustrates a cross sectional view
gdo2 M Cr OFNGZ3D4l1@dtratds@ créd sebtichal View dfalxhict@hegld 6fFIG. 2A
the work piece of FIG 3A;, [0022] FIG 4A illustrates
WWWI@%W‘?@&\W%@@(HI@%E} d4for fabricating a
m cro nozzle in accordance with one enbodi nent of the
present invention; [0023] FIG 4B shows a bonded work
poezle of t RBG! #A illastiatagit®o agorkpidcb Ihatidke t¢ 6O24dd fot Gbricating a
4C sho a laser setup for fahricating the bonded work
Blere soggle n gsconance Wb gne pmppdimentgf dhg Praseait Jwentibt i on
vi ew of the bonded work piece fabricated in FIG 4C
[0026] FIG 4E shows a top view of the bonded work
[oaije f abr FiGt éB showklaondie] Wodk 2¥ce feif Ghe &0 sttokvpiaees of FIG.
top view of the bonded work piece of FIG 4E that is
f‘gbri cated further; [0028] FIG 4G illustrates a
perspective view of a mcro nozzle fabricated in FIGs.
4A - 4F in _accordance with one enbodi nent of the
poddient i nkiKmt #Grshowsedeser se@p famfabricating thedonded work piece of
ﬁ@nﬁk,l board i n accordance with one enbodi nent of the
present invention; [0030] FIG 5B illustrates the
stencil board of FIG 5A bonded to a stencil base

[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.
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 micro nozzle fabricated in

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

[0029] FIG. 5A 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;



i n accordance with one enbodi nent of the present
invention;[0031] FIG 5Cillustrates the bonded

wae@nosioiboard of FIG 5B having a mcro nozzl BCT/BG208T000445

t hereon in accordance with one enbodi nent of the
present invention; [0032] FIG 5D illustrates a | aser
setup for fabricating the bonfled stencil board in
accordance with one enbodi nent of the present
foasfnt i on; FIQOSGB1stres He bdrldes leatifBoa o€ MIE! SB Halidg % micro
section view of the bonded stencil with the airway
perzlestitteshiherean svacchrdanenwith opg embertiment ofithtprgsastt kraention;
enbodi ment; and [0034] FIG 5F illustrates a further
processed stencil in accordance with yet another
podxdi ment FIE. S aihptrats atladen vy fo@fatldiatihg @@ bonded stencil board
Description [0035] In line with the above sumary, the
maAcrerdpreg Widsenq grabastiment of the pRseant Bvertiisi f i ¢ and
alternative enbodi nents is provided to understand the
inventive features of the present invention. It shal
ppe3xppar enFIG.OSE kkustiates laacknlangd bressasdctioh ovasw ef thehainded stencil
thjs invention y be practjced t hout, such specific

She arway et Spbriopied dheraen 2e69rdapae With apathsriepibgdingent; and
| ength so as not to obscure the invention. For ease of
reference, common reference nunerals wll be used
i0p34) ughout FIG.eSF iiljustratesveh urthee fpeoaessed stamcillia aseendamge with yet
simlar . features.common.to t.he figures. [0036] FIG 1
ore BrppB@tt S SERNIDGEIISR, i cw of 2 micro nozzl e
100 in accordance with one enbodi nent of the present
i nvention. The micro nozzle 100 is adapted to fit to a
sol der ball pick up apparatus (not shown) having a
vacuum pi ck up armfor picking up a solder ball 150.
The mcro nozzle 100 conprises a mcro channel airway
110, a catchnment cup 120, a pitch control platform 130
and a cylindrical wall 140. The catchnent cup 120 is a
depression defined around the one end of the mcro
channel airway 110. The mcro channel airway HGO s a
narrow pat h havi ng one end exposed to the catchnent
cup 120 and anot her end exposed to an opposing side at
t he



m cro nozzle 100. The catchnent cup 120 has an inner

di aneter bigger than that of the mcro channel airway
wail®assdinl i gned with the micro channel airwayPQ8G2007/000445

concentrically. The pitch control platform130 is a

proj ection defined around the_catchnment cup 120. The

cylindrical wall 140 is builtZup within the catchnent

cup 130 and around the one end of the micro channel

airway 110. The micro qhgﬁ&ﬁhD@kﬁﬁmylllo, t he

cylindrical wall 140 and the catchnent cup 130 are

al i gned concentrically. [0037] Still referring to FIG

he cat . | des . .
fonal"F e LR b e i itn 82 SRR RRRIEEBh of  number
of apecifiol adr altahdtivé Sémbadiments pi3oprovided odod arddpsthnds .thd tinventive

P STRe presentdivieniionelt shelCbE ghnore ACane Skiled e a, however
i f ' . .
9{a9¥id§j fehtfon 5§ i?’ﬁ grdggﬁ DXL Mi%uélp%qé@fﬁc%ltzhfg. tjsﬁgne of the details

pl ckup contro cal wa 140 an
omy motbndescrilpedlf2 Genztls o v o italebsauteah¢ mvemtoomt Fot eash efireference,

Bk S o 109 Bl St b o
LndoH Similar AR IchnfABERE Adesi zed sol der bal I's as

the solder balls may have irregul ar shape and size due
to remants of flux, physical dents, surface cracks,

Eﬁ)gﬂal-rlhe pi;#é.h lcﬁﬂlgtrrﬁl S Bl 8‘%];50 rségti%%ég \i/igwa?lfrl Qt %gcré S%OQ?l\éelﬂO in

surtTace area to avoi d surface adhesion

hdvordate with| orle GensiRRlimEntCIT thS pesdditaaventiofC tThef nfarb inokzle 100 is
adhesjion_force, In operations, the m cro nozzle 100 is

AdpiRdda forio & spider Al BiskiyrotppaEtys (et showm) havinge P pick up
Q?Ill korﬁ&érié)ltﬁ%g E@g ;O t150[. Oﬁ%%c}d;ﬁ : ﬁ)m%q{tp??ggsts a micro channel

I nste rical wa a two
gieway $ H, ancatchmelne o 120, ga péch aomtrol ghlatfoemnd 30r andcheylimdrical wall

P b Fejchmienc o 1205 £ B, 0ip8 6 e ¢ £ of the micro

ShafREl zﬁﬁwégr 0. AEheSidrb Chiitel §H%* 990 §Oa RiuTéw PattS RAVWRS one end
ball's of desire sizes. For exanple, for mcro solder’

treriobed toathg icatghentsiupd 20ranch a8 0thamendoe:y0sednto, ant dpposingrsisde at the
rcx:lllnca}g rr‘xglzzlea 1112 }helc% chasent Igl?'[;/ £2(Phas 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



diameter as small as 5 nm The catchnent cup 120 can

have a side of 75-99% of dianmeter of the small est
w@ododessobnl | desired for the mcro nozzl e 100.PdNeG2007/000445

catchnment cup 120 can be manufactured to have snooth

sidewalls to mnimze wear and tear fromrepeated

sol der ball pick and place ac8ions. [0040] In

accordance wi th another enbodi nent, the mcro nozzle

01 7RindOBe afiRiirRAl Wall 196 isdife & K18 iRédularlyohapddCdnd sized solder

channel airway 110 for picking and placing nultiple

baJisgesy thgsoldst balle mayfhavp drpgwlaroshepe @né Isizgi qugely yemmnants of flux,

' i t I L.cal
Bhfeal e, Tt s, 68 THEBRLY EtReol Byt 140 R g bave o
srhaly surfabl ardal th @Roditfacd adHesioh @uetd 2 exsersdl Z@&des, Quch as contact
cover_ substantially a half-pitch_dianmeter around the

slsstgbication adhesjon fagcen dngenseations theraiere; Beazc100 1s mounted on a
, i | der bal |
O3B BBorRb ety BYik b o lioRBel) BSGRE placemed) 07 BAL! S

alternative enbodi nent, the mcro nozzle 100 is built

wi thout the cylindrical wall 14Q, or the.t ier .
Bo3lessi oniy 66618 Rptrns A tend ot xSl g 4 two ters
d&ffedstdnaeaP HaBsFigdd affind! #1R" RAdrb Y EnaBAK0M-WRN 1110 within the
the present invention. The mcro nozzle 200 is a
eatehghent pup 12hozzIl e adapted for picking and placing a

sol der ball 250. The micro nozzle 200 is shaped to a

coni cal frustum having an upper surface 210 and a

fposgiom sur S&ie @ef&i&g 6 KGR N hicrd fioxal 180 ipsopeell isied to provide

frogmthe upper ;surtface 210 to the bottom surface 220.

SHcigptsuan t9inickayp soideribally ok dasire sizes. al oy examiles fogmicro solder
. RN : . ;

GRS g e PP S 4400 00l B Efere IS T DAE T con ave o

didMhe R ds Imadr 4505V pan e IMther citahéfent edp R0 tdag Haoé adside of 75-99% of
surface 220. The bottom surface 220 surroundi ng t he

diameten of ther %mﬁflefaﬁo;l;dy_r &g}l\ﬂggirgisfq the mi¢ro nopzle d00. The catchment
SAPOY g kP SS SO3 oLD om

epedted sodder bahl pivk\aad plave auiédson means (not shown) draw
air fromthe narrow aperture to create a

[0040] In accordance with another embodiment, the micro nozzle 100 can be
adapted to include a plurality of micro channel airway 110 for picking and placing
multiple solder balls. Each of the micro channel ‘airways 110 also provides with a
catchment cup 120, a cylindrical wall 140 and a pitch control platform 120 as described
above. The pitch control platform 130 is sized to cover substantially a half-pitch
diameter around the solder ball so that neighboring pitch control platforms are able to

pick and place the solder balls without any obstacles.

[0041] In accordance with an alternative embodiment, the micro nozzle 100 is

built without the cylindrical wall 140, or the two tiers depression.



suction force, a mcro solder ball can be picked up by
the mcro nozzle 200 through the narrow aperture.

WO 048350 G 2B il lustrates a cross sectional RCESGDN7/000445

m cro nozzle 260 in accordance with an alternative

enbodi nent of the present invgnti on. The mcro nozzle

260 is a single port nozzle adapted for picking and

pl acing a solder ball. The mcro nozzle 260 is shaped

{0042 coni c FIGf 2 AsHustratea winnigroano ziale 200 is ucdoadamce GAthandhltarnative

m sur e 262. .A chann ai rway 265_js.defjned
F'i“gﬂﬁ%t”ﬁ@t 9£§wr§iﬁnf nvenyen te[lé‘et‘ﬂlérooa?f{zgﬁ-r?é‘i =i %é@gg‘@o“ nozzle
& HRbic taﬁ\dﬁw@a@m F(f/ifiérrb%ﬁ 220041d il xﬁﬁﬂfé%b is shaPed to a

way 2 5 ncentrica on the bottom surface
bdsracahMmdxmmhg ap6fppeoswifang 2M0earchi dottemt sucfape 1260 A channel

i cKi an | aci.n sol d T i ni f
iy, 390 30 deBratC B, s ey Sulfie 71 Mot ditom ot 220 The
&%n@l' iPwRF RIF s %ss@s@hﬁﬂty iRekHEP |coﬁ|czﬂt §ip pdth iﬂi‘&ﬁght 8 conical
mcro nozzle 260 is in used, it is fitted to a vacuum

Sustumarwzplertodg Pithizowidst aperive definedioache @p@usfamlw and a narrow
AR g?bf?f}?& ol Q5 8hof | Gote B E bl ALY rnlBERP durunding the

ﬂﬁﬁﬁﬁ@@@ﬁﬁewi& séres asraosiichiestntol pilahﬁ)rﬁhf ﬁﬁsepirbtectmg the adjacent
invention, The mcro nozzle . is to be sized to_have the

Efﬂ@ftro‘?ﬂné (fremcdamagg dyringHbe gk and pJaceoperation {m opgration, when
f f
tg#'iélﬁﬁl &icRBE 1fand (E%tg&vﬁad}gwt AF o e hhR6E &gg% tr(r)m create a

m cro nozzle an outer dianeter
suction faree, tai migko tuldgr bail cébBe pitked hp by diter mivra pezAd 260 ﬁhsough the
to be sizedto about 150 mmwhile the wi der aperture is
RYTQPRARGTYEY t o about 500 mm The nicro nozzle 200
illustrates herewith is made of polyneric material.
More specifically, it can be nade of Pol ynet hyl
Ive43acryl aFLG( m'l\nu)lstraws @@mﬁsrﬁeyumbmva@f aacny¢rpcnozzl¢e260 in

sol der.bal l.s

0
Be§lRnB0i8h fn B0catdr et RSt hSfesHl i Bt i mbro nozzle

26(Cisi DEInplo st Mdzzle zﬂiaﬁteacfob @fckﬁigcdddgﬂa@ﬁgﬁss!drd%r baile The micro
above sizes and figures are provided herewith

wizzle2ffiseshaped; to| 4 eanieal ifistum hayigg an upper surface 261 ang a bottom
surface 262. A channel airway 265 is defined from the upper surface 261 to the bottom

surface 262. A conical mouth 266 is defined around the channel airway 265
concentrically on the bottom surface 262 of th¢ micro nozzle 260 forming the
catchment cup for picking and placing a solder ball. The remaining of the bottom
surface 262 surrounding the conical mouth 266 also serves as a pitch control platform.
When the micro nozzle 260 is in used, it is fitted to a vacuum suction port 270 for

picking and placing a single solder ball.

[0044] FIGs. 3A-3E illustrate method of fabricating a micro nozzle 200 of
FIG. 2A in accordance with one embodiment of the present invention. The micro
nozzle is to be sized to have the bottom surface 220 of the micro nozzle 200 with an
outer diameter of 700 um and the top surface 210 of the micro nozzle 200 with an outer

diameter of 650 um and a vertical high of 960 um. The narrow aperture is to be sized



understood to a skilled person that the mcro nozzle
200 can be fabricated in any other sizes to suite the
w0 2000083012 appl i cati on. [0045] FI G 3A exenpl i f PEESG@2007/000445
| aser setup 300 for fabricating the mcro nozzle 200
i n accordance with one enbodi nent of the present
i nvention. The | aser setup 30® uses a carbon dioxide
| aser to fabricate the mcro nozzle out of an acrylic

WPalouP i1 8¢ a3 WlilWitid witlet Bpéitine $Stote sizdio abbet S8 N The micro
di oxi de | aser 300 is | ocated above the work piece 310

szlkl)\e 200 éh‘étf ﬁwllm\@d‘l govadeatt ppbenmr?atpnelc Mgt (Specm@lly, it can
3 a%& gifg(g}l'r{l%tgyl?%%fhapggaug ?gl&@lﬁagf og ncngzcgrgﬁ %‘@é agfac mhc The

hi@o\WizileP20B0CR shitble | for kblderl balss wittta siz6 ®e@WRhH0L300 um when
shape of the mcro nozzle 200 can be forned. The

cenplédhyithe pasufioyr sustion meanwwlthu pHel O baresuciien pteﬁsyre The above

BERESRE M YR bR GO EE SRR e Rl 10
fRfeabeditd HEKIREY persorSthid the nfibro iiz2le\280 cah bé FabiiRaRdds any other
bet ween each cut to forma desired cut as shown in

fipes tozpite thgaalgyantppplication.s a cross sectional view of

the work piece 310 showi ng the work piece 310 after

the first cut. A conical frustum block 320 is forned

pbasyr t he FIGeBAcelxtmpHﬁs d bsear setige300 fiir falbricatlhg theghicro nozzle

wor k ece, 310 form.ng a circul ar well around
BEin 5sprdintr Vi OB OURCabof the ReeSethiRestion ([BE JT Setup 300
MeQGkeattidh diBRRE el BBHEHe R Mo WBLHe Bh@&ieangg&yhér %rk piece

carbon di oxide |Iaser 300 perforns a second cut on
&thvhla thmhsttss of bm Jhe cmd»on dioxideclasen 300 lalopatagf alzme ‘the work

The channel ai 40..,
5 Sl et P e R B BB SvarR oS0 oieCosfR T ioitie laser
360 peridiniRal first 6@44 ]fofﬁpafcﬁl‘:m of thé £dqRirB® arahfetedfonfth&surffRe of the

the work piece 310 is flipped over and the carbon

wptkpigee 348.erln3be firg %e@etqyetqlle%tmm 1o dhe: gricreanozale A9 can be
fm&&xed[ %é ttﬁg 1?50 g}gqegga%%ltﬁ)g R C%lﬁ%lé Eroz&g %ﬂl‘ intervals to

e coni ca
avoid overheating in a small area. For the work piece 310, the laser cut is repeated for

20 times with an interval of 10 seconds between each cut to form a desired cut as

shown in FIG. 3B.

[0046] FIG. 3B is a cross sectional view of the work piece 310 showing the
work piece 310 after the first cut. A conical frustum block 320 is formed after the laser
cut. The laser does not cut through the work piece 310 forming a circular well 330
around the conical frustum block 320. The conical frustum block 320 remains attached
to the work piece 310. The carbon dioxide laser 300 performs a second cut on the
conical frustum bock 320 to cut a channel airway 340 as show in FIG. 3C. The
channel airway 340 is also cut by repeated laser pulse to form an inverted conical

through hole.



renoved fromthe work piece 310. The conical frustum

bl ock 320 renoved fromthe work piece 310 is shown in
wOo-2@9/0&012 The coni cal frustum bl ock 320 nmay r eRCi/6&@2007/000445

further process to produce a snooth surface, and the

m cro nozzle 200 is forned. [0049] FIGs. 4A-4G

illustrate a nethod of fabriclalting a nultiple ports

m cro nozzle in accordance with one enbodi nent of the

pogrent i nTerfbirna. midfo adeldof FIGEI2B, tHdwotk\pievd3 10 is flipped over
pi eces 412 and_ 414 of the same size are bonded
apdytheicarbopidigxide laser 300as vsed do prgatgithrecontgad MOYRKERS- wor k

piece 416 is shown in FIG 4B. The bonded work piece

416 is then place under a carbon dioxide | aser 420 as
fdoasin | n FABer 4. chiiwe] aawby 346 isdformed, tiees@micéPfiustum block 320 is

erfor a first cut forma .circul ar depressi on 41
Eﬁfmodvedg?qr? g woaees 360 2he geniral frusBim HE"_"gﬁgﬁ Jefoved ffom the
WolM\Biee 316 ik Qh&%n 36 TFACISD. t NTBE RoRical REsthin’ G16LI8B20 may require
depression 418 is sized to fit a tube that connects fo

furthge processde praslucera amooth Bhrfacs, andithg miderazzlsi20f iufosmed
cut by hatch-ablation. FIG 4D is a cross sectional
vi ew of the bonded work piece 416 showi ng the cut of

fdogg]Ci I cul FIGS e U AESiIRRr#e S Methol&f @Eﬁ@ﬁng\@fﬁulﬁk&‘?ﬁ)ﬂs micro
416. The cut does not cut through the bonded wor

peazdeingeeprdancerysth eneerabadimentof dagpreseat wentioy. Asshaws in FIG.

t . Pi.ECe: g
i, R0 Bk P PO RRERIABE IR e tohiRd AU toser
seRligy muctied The ordled work precedBiis showain BIG.ofB.t Tike bonded work
nmulti_ports. A3 by 3 ports array, of airwa orts is
Biess ALY hibeRipiace Hader Fi5An ¢ig Hosar 00,28 gnh@d 4C. The
ERb&P Idﬁ)tx?dealaﬁé’i’aﬂopﬁérfoﬁmgfa HR8 ichCtodfRhMa cFuIS<GdpiESion 418 of a
[aser 1s used to cut though the markings 422 to form
d¢niredidiamstepat a glesiketc Hepsh, whereadirwayy arote dejarapged, thiegin. The

el 1epRape 418 P B P i fenishh A b sdetion means.
UBS Sikd il HcpRAYEn 41901 b hathABRtibR FIG 4Bfs a Eﬂbgs sectional view

circul ar depression 418 1s cut out fromthe bonded

obthie hinded: wotls pisge il tshving the cybef Biercitnuler deprefsiorp418 on the
8o QN(;I'E %ié:cie r‘ﬁ%l % he 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.
4E 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



depression 418 concentrically with one segnent of the

| arger circular disk 424 is renoved. The segnent can
wheoovesoved after the larger circul ar di sk 424PCHSGUNT/000445

outfrom the bonded work piece 416, or during the cut

of the larger circular disk 424. FIG 4G shows a

conpl eted piece of the nulti plQe ports mcro nozzle

450. [0051] In the above enbodi nent, two work pieces

filoth the baadkd Werkipiee 416, éradutinghike anot e lafgeeéiedubd|dysk 424. FIG.
the two work pieces are in different colors that would

A6l shows awem!qt«fd/plﬁrge qfithe gulinle ports micep nozle 43y, | n

accordance with an alternative enbodi ment, only one

solid work piece of the simlar thickness can be used.

[dd6432] For Ii the gbbekembodipleat; ewo parkpicoes at b@nﬂ@lb&ghhéﬂ to form
rays, of s ific quantity, and pitch, a nci | can

fe 528\ oPéaPef%ﬂm JIhey tp avozk P%fy%?dargdp difterbat ofors gpat fguld belp in

Rid Cin"tcOfdhfceBiith aHRHKEMATi &S eriBsHiment,
?Eﬁ%% dggg}ééf;%%éggq\t}mmtgﬁ gnecenboo?l ment, the st e%m imen

pslymne\sohlrwatlopihcﬂ of thédsimitac thicknebsian beaiséd i n an

arrangenent that corresponds to the nultiple ports

m cro nozzle 450 array. That could facilitate the

pobgler bal Fsr i Gdtnd Pldde DpbiagoB6hsdl @Ml arrE?@oﬁsfﬁééiﬁb lquantity

can be fabricated in yet another enbodi ment whi

@mbmﬁph i stangil cambg providmbte) hold therastayed golperchalls for the purpose of
) t
BHEHSL PGB, A QU4 B8 95 P, it on

t:x&bd)dimanﬁ hiep stersibptgavided td holdhthe Insit@esolddr rballk & anl Iaﬁ'kngement
424, i.e. a circul ar aperture havi n&@q{ghord si de.
orzlg

thabepiraspensiarte theypultiplespatsanicrn ayl akhat segd gqcxhtate the
Ld1GerSRHIR ;Iﬁué@ @{n@%&&% BRA ‘iié\%}_ﬁrkt 0 QrsznEﬁ Cafit B §ltrica@d in yet

as shown 0054 e nultiple ports mcro
mkdrenmﬁﬂlmthhmhlmmmEK} fSA-SFo0 the aperture 504
of the stencil 501 as shown in FIG 5C. The mcro
nozzle 450 is used as a tenplate to form shall ow

pesiet s f opsRRLWH ROFEQ! SR a Bihtid bbﬂngﬂQC@ cﬁﬁﬂﬁ&i&h to provide an
stencil 501. The stencil 501 is th pl ace under

apertune 504 adtbra laser ablation. sﬁmpqrhn@SM isin a ghape adapted to fit the

larger circular disk 424, i.e. a circular aperture having a chord side. The stencil board
502 is bonded to a stencil base 506 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. SC. 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.



exci mer |laser 530 is focused on the airway ports of
the mcro nozzle 450 and the array of pockets can be
w0 oooamssother eon. [ 0055] Still referring to Fl G PEIDSGR07/000445
is possible that the airway ports of the multiple
ports mcro nozzle 450 are forns together with the
array of pockets in accordancd® with an alternative
enbodi ment of the present invention. [0056] FIGs. 5E
fovdsISF ar eSeilll refeging ¢6 FIE. SBGtit (Npossibletmt afie titovay ports of the

stenC|I 501, where the. mcrgQ nozzle 450.is _renoved
rrubtiRle (Roris iER |nozgle 439 Medoores together jih s frray ofpockets in

ttagk‘e?)rc?aﬁl[:@%ltﬂ Qﬂ’(@llﬁ%ﬁ aflbo @ntcdgggé [Ergséﬂt‘ {dven€ldd.! 1 ng

al rway ports. e poc ve substantially
t he same di aneter S|ze as the alrmay ports. As shown

in FI G 5F n1cr zIe is renpved ;
IRE1e1 1 oo FIAS 595 R SE R alaftad s istiogrb s of th el 501,
tWhEreak€ hii&bo o2s18'450 ‘i’s RERVES Grof (i s@ALil B0PIHPRE. SF.  As shown in
diameter than that of the airway ports of the mcro

Gz BB, #50arr§y006 pocketseSMBhaeecrentet whilodrilling (hei aighay parts. The

il 15 e AR 6 SR B AR o s shown i

FRGDSK; affeiCthePintdfo dez1P i e@nsvedt ﬁaexréﬁ%nmﬁ@&»baetﬁsos @feofurther
nozzl e hol der for hol ding mcro nozzl es, X-Y-2

progessed andpaélmwewéméq prgvide oslichey @pﬁgeb ﬁlanzster than that of the
&?&Lsg&s"&ﬂﬂ@m?&ﬂgﬁ%{a%o a power supply unit, an air

pr e auge and valve ‘and conpressed air I|ne and
etc. [0058] The n1cro nozzl es descri bed above are nmade

B)fBF PnMgArA\S? [)irgéi%}? es’i&‘&ﬁo Iagoz%% é}ﬂgg"o:?éﬁt ﬂ‘('{&fC) ports) are fabricated

Q&IOVd{hé'ly |f&hﬂitﬁh dRtoldn y(l\()nowﬁgﬁdk%ﬁw&tehﬂtg E6r10RRri0E F&@rk Such

and ettc: oe desired th the mcro nozzl e,
pisluend pb!be Bmes way chmpuse mcuto oqledahelddr fom haldingwiczo nozzles, an

$3r4kis dahir-ca “AoydRn R Bioruifh ARLe ooy & P iies ppgpller a
g\ﬁsﬁérssuﬁﬁsl af, ir%ﬁng&gsw'@ Qﬁigetaﬁ@ vBAGAah®¥6ihfresded @fQine and etc.

ile speC|f|c enbodi ment s have been descri bed and
illustrated, it is :

[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.



under st ood t hat many changes, nodifications,
vari ations and conbi nati ons thereof could be nmade to
w0 b@opswsent i nventi on without departing from POESEHOP00445

of the invention.Cains 1. A nozzle for picking up

mcro solder balls wth a sol der pick and pl ace

appar at us having a vacuum sudé on arm the nozzle

conprising: a nozzle body configured for fitting to a

Cigiligm port of the vacuum suction arm and an airway

defi nes through the nozzle body, the airway having a

di aneter smaller than one mcro solder ball. 2. The

0zzl i ng- cl.ai r L sl

Lot oniene b Hiekfhecb it spldet Bl SAME A, fick and place

appavdys ha¥ing heacaodasueti@caad, dhewpzizie comptising; wher ei n

the catchnent cup s adapted to received one_micro )

sol def ngzAle bagy ﬁoaﬁ%af? %orogttnna 0 EaYaSHWBHROTE aﬁmeegagumn suction
di aneter of the solder ball. 4. The nozzle

according to claim2, wherein the catchnent cup is a

cyl i nair iaorahy digfines shronglh cherexbzze chodgl, thee amivayvehaving. a diameter

The, nqzzl e accor dj g to claim2, wherein the catchnent

gﬁ%lef nﬁnb“érﬁis&l;f{é hﬁlgth to the airway with a |argest

di aneter of the conical bigger than the dianeter of

the solder ball. 6. The nozzle according to claim 2,

2.ur t h€he regAsrdcsprdingatocsiaimm bir furthér eomprisingo) estehsaent cup in a form
t th hen up and the airway, wherein said

%% &%g?%lgg%omq%ﬁ&ﬁg&%ﬁhei ght | esser than a depth of

the catchnent cup. 7. The nozzle according to claim 2,

further conprisi ng a cylindrical depression .

3. The nozzle according to” claim 2, wherein the catchment cup is adapted to

received one micro solder ball with a depth of the catchment cup less than a diameter of

the solder ball.

4. The nozzle according to claim 2, wherein the catchment cup is a cylindrical

depression formed around the airway.

5. The nozzle according to claim 2, wherein the catchment cup forms a conical
mouth to the airway with a largest diameter of the conical bigger than the diameter of

the solder ball.

6. The nozzle according to claim 2, further comprising 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.

7. The nozzle according to claim 2, further comprising a cylindrical depression

within the catchment cup forming two tiers depression around the airway.



within the catchnment cup formng two tiers depression
around the airway.8. The nozzle according to claim 2,
w0 eoovkgsorzonpri sing a pitch control platform de¢T/6€zb07/000445

around the catchnent cup. 9. The nozzle according to

claim8, wherein the pitch copgrol platformis a

surface around the catchnent p. 10. The nozzle

according to claim8, wherein the surface of the pitch

8ont r dhe moatlé accorimg ta daima?j fuethgr somptisipg taghitchcbntréhplatform

Ho zl.e according to claim8, wherein the nozzle body
edgraund the SFRmE CUPHe aj rways. 12. The nozzl e

according to claim 11, wherein the airways have a

pitch between each airways smaller than half of a

8i aneilbe nofzle aesopdingiter claiai 8, Whereinithe pit¢theontrok platfoirs is a surface

i nt ended r. 13. The nozzle according to claim 11,
W&@&W?ﬁ?&“@h‘ﬁ’ce of the nozzl e body between the

cat chnent cups of each airway fornms the pitch control
E)I atform 14. The nozzle according to claim1, wherein

the ndhenezHedecordingntp slagnu$.awhespinothet pusfage rafathe. pitch control

platform has a relatively small pitch.

11.  The nozzle according to claim 8, wherein the nozzle body having a plurality of

the airways.

12.  The nozzle according to claim 11, wherein the airways have a pitch between
each airways smaller than half of a diameter of the solder ball for which the nozzle is

intended for.

13.  The nozzle according to claim 11, wherein the surface of the nozzle body

_ between the catchment cups of each airway forms the pitch control platform.

14.  The nozzle according to claim 1, wherein the nozzle body having a plurality of

the airways.



