-1- MOLD FLASH REMOVAL PROCESS FOR ELECTRONIC DEVICES 5 Field of the
I nvention The invention relates to the processing of sem conductor devices,
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In the assembly of semiconductor packages, molding is one of the key manufacturing
processes in which semiconductor components bonded to a substrate are encapsulated
with plastic or resin material, such as epoxy molding compound (EMC), to protect them
from the environment. In one example, the substrates are leadframes that have
semiconductor dice comprising integrated circuits attached to them. Thereafter, the
integrated circuits are electrically connected to leads on the leadframes by bonding
wires. The EMC will generally encapsulate the bonded wires, part of the leads and the

dice.

In some semiconductor packages like molded leadiess packages or Quad-Flat No-Lead
(QFN) packages, the leads are exposed at the bottom of the devices for electrically
connecting the packages to external devices. FIGs. 1A and 1B are an elevation view
and a back view respectively of a leadframe 10 of the prior art that has been partially
molded with EMC 16. The EMC 16 should not cover certain portions of the leads 14
that need to be connected to external devices. Also, it may be preferable not to cover a
die-attach pad 12 on which a semiconductor die 18 has been attached to improve heat

dissipation of the package.

Referring to FIG. 1A, the leadframe 10 comprises a plurality of leads 14 surrounding a

centrally located die-attach pad 12. After a semiconductor die 18 has been adhesively



attached to the die-attach pad 12 and electrically connected to the | eads 14
by bonding wres 22, the wire-bonded |eadfranme 10 is then encapsulated with
EMC 16, which is shown partially noldgd onto the | eadfrane 10. Referring to
FIG 1B, the partially nolded |eadframe 10 is showm with the | eads 14 and
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One of the methods to minimize the formation of mold flash caused by leakage of
molding compound onto the non-molded surfaces is through masking the bottom
surface of the leadframe 10 with an adhesive tape prior to molding. In Japanese
publication patent number JP2004006693 entitled “Adhesive Sheet for Manufacturing
20 Semiconductor Device”, a tape approach is illustrated in which a polyamide tape is
adhesively attached to the bottom surface of the leadframe 10 prior to a molding

Process.

One of the problems with using such an adhesive tape is that it incurs additional
25 manufacturing cost and requires additional processes, such as for attaching and
detaching the tape from the leadframes 10. Moreover, the tape is not environmentally

friendly, and it is not re-usable.

These additional processes often result in contamination, such as remnants of adhesive
30 remaining on the leadframe 10, and hence cause problems such as poor solderability

during later processing during package assembly. Furthermore, the additional layer of



during |l ater processing during package assenbly. Furthernore, the additional
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packagt¥o lasers for performing deflashing. A COZ laser is used to remove a top layer of flash
and a YAG laser is then used to remove a thin layer of flash remaining after the CO2
15 laser deflashing. The CO2 laser deflashing followed by the YAG laser deflashing seek

to remove the flash and avoid damaging the semiconductor packages.

However, the laser ablation approach is costly and time consuming. It utilizes a point
attack method to remove the mold flash. Thus, the processing time for deflashing a
20 molded leadframe 10 comprising a large number of units of leadless packages 20,

would be unduly long.

In a plasma etching approach illustrated in US patent number 6,230,719 entitled
“Apparatus for Removing Contaminants on Electronic Device”, plasma gas is supplied
25 to a reaction chamber and the encapsulated packages are exposed to the plasma gas,
thereby removing the excess molding material and other contaminants from the

surfaces of the packages.

The problem with using the aforesaid plasma etching approach is that the plasma gas
30 may react with the EMC 16 to form silica residue and charred material. Hence, after the

plasma etching process, the molded leadframes 10 need to undergo another cleaning



The problemw th using the aforesaid plasnma etching approach is that the

pl asma gas 30 may react with the EMC 16 to formsilica residue and charred
material . Hence, after the plasna eteBi-ng process, the nolded | eadfranes 10
need to undergo anot her cleaning -4- process for washing and renoving the
residue and charred material. Therefore, the additional cleaning process
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for rerutend foxeapurencided susface nf akholet ésadfrarheom unnol ded surfaces of a
nol ded substrate including sem conductor packages, conprising the steps of:

mounting the substrate to a holding device with the unnol ded surfaces

faci ngggﬂwﬁg': gﬁﬁﬁgqgﬁ%r{tﬁﬁ supplying an acid solution; contacting the
unnol d J e acid solution for a sufficient tine to renove the
excess encapsulation material fromthe unnol ded surfaces while
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superseding the generality of the broad identification of the invention as

defined by the clains. 30 -5-
Accordingly, the invention provides a method for removing excess encapsulation

15 material from unmolded surfaces of a molded substrate including semiconductor
packages, comprising the steps of: mounting the substrate to a holding device with the
unmolided surfaces facing an acid source for supplying an acid solution; contacting the
unmolded surfaces with the acid solution for a sufficient time to remove the excess
encapsulation material from the unmolded surfaces while substantially avoiding contact

20 with molded surfaces thereof; and thereafter removing the substrate from contact with

the acid solution.

It will be convenient to hereinafter describe the invention in greater detail by reference
to the accompanying drawings. The particularity of the drawings and the related
25 description is not to be understood as superseding the generality of the broad

identification of the invention as defined by the claims.

30



Brief description of the Draw ngs Exanpl es of apparatus and nethods for
renmoving nold flash froma nol ded | eadfranme in accordance with the
invention will now be described with rgf.,erence to the 5 accompanying
drawings, in which: FIGs. 1A and 1 B are an elevation view and a back view
respectively of a |leadfrane of the prior art that has been partially nol ded
w t h EBfef d8sdripfion2fitise Brawitigsonal side view of a nol ded | eadl ess package of
the prior art; FIG 3 is a sectional side view of a nolded | eadfrane
positioned onto a nold flash renoval apparatus according to the first
prefer n@r%om i F O i i td i l.ew of
a nol dgggp (I: agfe cor{gﬂsséé'g@irﬁn&yﬁ(gg \;nglr}ggﬁﬁl Il@ag‘orkgg%% Sré’i'? t9 i@ggghgﬁ?gﬁ?wg nol d
fl ash merpcardameandatrushehowention Fwill oW 32 Beseriteds ewith oredgrepicdetoi iw of a
nol ded | eadfrane positioned onto a nold flash renoval apparatus according

t o 1 he@CERIBAANYPLAEAVIBESI¥iFtent of the invention; 20 FIG 6 is a
sectional side view of a nolded | eadfrane positioned onto a nold flash
renoval apparatus according to the third preferred enbodi nent of the

i nvent FiBs. T @nd 12\ ase dn7@evatiorpvienuard ashack gwarespettivsdy of adeadirame of
package before and after 25 .npld ash. r al respectively; FIG 8 is a
gr aph Ef}?oiaﬁ"%fga"f @?ﬁé‘@ﬁh?&”d’ea&'% %‘Puggé”%w(‘éadfrane bei ng etched by an
acid solution with increasing exposure tine; -6- FIG 9 is a graph show ng
rescﬁecti ve depths of EMC and | eadfrane being etched by the acid solution
wi th dFiGed éna seclianal sidssview afteemolslagt leadless paglspge of thetRiiar dtive mi nutes at
a constant volune; 5 FIGs. 10A and 10B are graphs show ng surface roughness
profiles of the | eadfrane before and after the nold flash renoval
respecrigeByis &ldegtiodalldidantewlofBa ansidedClentifamENpokifiondd \Witera &id@! fRfshon

the surface of a | ead before . ‘ ] _
removal apparatus according to the first preferred embodiment of the invention;

15 FIG. 4 is a sectional side view of a molded package comprised in the molded leadframe

positioned onto the mold flash removal apparatus shown in FIG. 3

FIG. 5 is a sectional side view of a molded leadframe positioned onto a mold flash
removal apparatus according to the second preferred embodiment of the invention;

20
FIG. 6 is a sectional side view of a molded leadframe positioned onto a mold flash

removal apparatus according to the third preferred embodiment of the invention;

FIGs. 7A and 7B are pictures showing a surface of a molded package before and after

25 mold flash removal respectively;

FIG. 8 is a graph showing respective depths of EMC and leadframe being etched by an

acid solution with increasing exposure time,



and after nold flash renoval respectively using the preferred apparatus
according to the 10 invention herein; and FIG 12 is a graph show ng

noi sture gain by a nol ded package whengexposed to high humdity before and
after the nold flash renoval respectively. 15 Detailed description of the
preferred enbodi nents of the invention Referring to the drawi ngs in which
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i nvention. The nolded | eadframe 10 has a plurality of unnol ded surfaces on
an unnol ded side corresponding to the positions of the packages. FIG 4 is
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the formof a buffer sheet 36 including a plurality of through-holes. The
buffer sheet 36 is preferably made of a polyneric or a ceramic material.
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the |locations of the through-holes 28. -7- The nold tlash renoval apparatus
3014 ur tweptie ABreiBieandin aci d source such as a sparger 31 having a plurality
of nozzles 32 positioned adjacent to the unnolded surfaces of the | eadfrane
10 for supplying an acid solution thereto. Therefore, each 5 nozzle 32
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The nol d flash renoval apparatus 30 further conprises a pressure plate such
as t ophumicityebefore and aeuthengoldtashegmovahiestpcliv@lynst the buffer sheet 36
during the nold flash

15 Detailed description of the preferred embodiments of the invention

Referring to the drawings in which like parts are referred to by like numerals, FIG. 3 is a
sectional side view of a molded substrate such as a molded leadframe 10 including
unsingulated semiconductor packages positioned onto a mold flash removal apparatus

20 30 according to the first preferred embodiment of the invention. The molded leadframe
10 has a plurality of unmolded surfaces on an unmolded side corresponding to the
positions of the packages. FIG. 4 is a sectional side view of a molded package 20
comprised in the molded leadframe 10 positioned onto the mold flash removal
apparatus 30 shown in FIG. 3.

25
The mold flash removal apparatus 30 comprises a holding device in the form of a buffer
sheet 36 including a plurality of through-holes. The buffer sheet 36 is preferably made
of a polymeric or a ceramic material. The molded leadframe 10 is preferably positioned
onto the buffer sheet 36 with the unmolded surfaces facing an acid source for supplying

30 an acid solution such that the locations of the unmolded surfaces correspond with the

locations of the through-holes 28.



renoval process. The leadframe 10 is further secured by a nechanical force
42 applied 10 by the top plate 40 onto the | eadfrane 10. A | ayer of rubber
38 is attached between the top plate-2Q and the |eadfrane 10 for protecting
t he | eadf ranme agai nst possi bl e damage caused by the top plate 40. Acid
solution 34 is then projected through the nozzles 32 of the sparger 31 past
the through-holes 28 to contact the unnol ded surfaces of the |eadfranme 10.
15 Upon,reactjon with the acid solution 34, the nold flash conprising EMC 16
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15
Upon reaction with the acid solution 34, the mold flash comprising EMC 16 will be
etched away and removed while the leads 14 and die-attach pad 12 on the unmolded
surfaces comprised in the leadframe 10 are relatively unaffected. The solution 34
reacts with the EMC 16 to form by-products comprising carbon and fillers comprising
20 silica.

The nozzles 32 will continually inject the solution 34 so that the bottom surface of the
molded package 20 is covered with the solution 34. The solution 34 will overflow at the
sides of the sparger 31 and hence remove the residue from the hottom surface of the

25 cleaned molded leadframe 10.

The unmolded surfaces are made to contact the acid solution for a sufficient time to
remove the excess encapsulation material while substantially avoiding contact with the
molded surfaces since only the unmolded surfaces are exposed to acid solution 34.
30 Thereafter, the leadframe is removed from the buffer sheet 36 and from contact with the

acid solution.



preferable to heat the acid solution or the nol ded | eadfrane, and the
tenperature of the acid solution or nolded | eadfrane is ideally maintained
at between 60C and 90C. 10 In a secondgpreferred enbodi ment of the

i nvention, an aci d-soaked scrubbing device nay cooperate with the acid
solution 34 for nore efficiently removing nold flash from the nol ded

| eadfrane 10. FIG 5 is a sectional side view of a nolded | eadfranme 10

posi ti h_renoval,
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which a | ayer of rubber 38 has been attached for securing the |eadfrane 10
in position. An inlet flow 48 conprising acid solution 34 is injected
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The mold flash removal apparatus 50 comprises a scrubbing device and the unmolded
surfaces of the molded leadframe 10 are positioned onto the scrubbing device for
applying frictional force to the unmolded surfaces. The scrubbing device may be in the
form of a brush 44 with bristles 46 for contacting the unmolded surfaces. Alternatively,
20 the scrubbing device may be in the form of a sponge. The bristles 46 of the brush 44 or
the sponge are preferably made of a polymeric material, such as Teflon, or a ceramic

material.

In operation, the brush 44 is held such that the bristles 46 contact the unmolded side of
25 the molded leadframe 10. A mechanical force 42 is applied onto the leadframe 10 via a
pressure plate such as top plate 40 to which a layer of rubber 38 has been attached for
securing the leadframe 10 in position. An inlet flow 48 comprising acid solution 34 is

injected through the brush 44 onto the unmolded surfaces of the molded leadframe 10.

30 Simultaneously, the brush 44 will oscillate parallel to the bottom surface of the

leadframe 10. An outlet return flow 52 for the acid solution 34 may be provided for



the |l eadframe 10 relative to the acid solution. FIG 6 is a sectional side
view of a nolded | eadfranme 10 positioned onto a nold flash renoval
apparatus 60 according to the third ppeferred enbodi nent of the invention.
10 The nold flash renoval apparatus 60 conprises a holding device in the
formof a gripper 54 having a pair of jaws for gripping the | eadfrane 10.
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parallel to the surface of the solution 34. Wen the holder is oscillated in
di tect Tbasmplst fask|remevah@pparatus Shconmpsises| athaltingadevier in teadpranefl a0

Ul aBtPRe 54 FARAGC PR ik e BRRRRE Ak BB mE T SR o RBABRATREE, o,
of the1030Idvandfont® albp sutBee Af ties Baid sedltion 84 hed mmm ofesh b@drtﬁtlﬁlt e
instead of oscillated relative to the acid sol ution é@a&med g

novenel@adfigmendOHs| aligned ey insesting at prir |0éé@ﬁatl@geplm@ 5& h'bh@

cur f acleypntt 18 A sBhnBiadie: AidbRABAE 38 Y pLSRRAEY ABORRY 15 A IR SR of

solquti e Jws of the gripper 54 to bias it away from the leadframe and to stretch the
leadframe 10 horizontally. This helps to prevent it from sagging. The spring-loaded
mechanism 56, the gripper 54 and the locating pins 58 may be operatively connected to
an oscillatory holder 51.

20 In operation, the leadframe 10 held by the gripper 54 will be aligned by the locating pins
58. The leadframe 10 is then held over the acid solution 34 with the unmolded surfaces
contacting the acid cleaning solution and avoiding contact with the molded surfaces on
the molded side of the leadframe. Since the solution 34 has a flat top surface, the depth
of contact of the leadframe 10 can be controlled by controlled dipping of the leadframe

25 10 parallel to the surface of the solution 34.

When the holder is oscillated in directions parallel to the surface of the solution 34, the

leadframe 10 will move correspondingly. Thus, the solution 34 is made to contact the

unmolded surfaces of the leadframe 10 relatively evenly during oscillation of the
30 leadframe 10.



5 FIGs. 7A and 7B are pictures showi ng a surface of a nol ded package 20
before and after nold flash renoval respectively. Referring to FIG 7A, the
| eads 14 on the nol ded package 20 aretl@overed with nold flash after

nmol ding. The nold flash covering the leads 14 will result in poor
solderability of the leads 14 to an external device. Referring 10 to FIG

7B, af Aderndivelyatheabeld20 maysbé extatad inatead ofi ageilated elatientaitheoacid 4olutiohd

flash i d f th 4. The cl d, d | 14 will
bnour o Bet BEaPRIgna aPaksTEn, 6 e Howe nd BT mS IPATRme oft e ¥R on,
t he aneHedpdfiatioh Ehatb@iimbp HREalRimMRGlly ¥omoved fidia theadimhened urfates of

control Il able through regulating the tine the acid solution 34 is allowed to
cont acthe meldesklgad ﬁ@el'%J whendbexarenn eontestiviththegpdutien 34p where a nol ded

| eadf rame 10 was held in the solution 34 for a period of tinme. The tine

el apsed and the depth of EMC 16 and | eadfrane 10 being 20 etched were

recor defGs. Fr&and 7B @resioliies RRviTg aasipReki ofea deditled pickadé 206hefore and
| eadf ranme 10 being etched by the acid solution 34 with increasing exEjosure

tine. dfer geldflagh traevpldasectivel RBefesing teFIGuT A dthgdeadsmd onefei molded aci d

sol uti cor di - feerye l: ent-s. 0 l.AVv I iLth a
row r Bkt 20eREoiod itoaRi Rish S BORITET e Indd s il 6 e
obser v gehds01 H@&ilre8dlt inpoon sblderailitg rof e tbadsf 14£to hhexteradl daviee 1 Refadtingh was
made ofqg&gper or a copper al imersed in the acid solution 34 with

| oy, was . : :
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30 wit boldesality seconds. -11- Moreover, the thickness of the |eadframe 10
remains relatively unchanged. Hence, the acid solution 34 may effectively
renove the nold flash while the |l eadfrane material is relatively

unaf f egt §d preferred embodiments of the invention, the amount of mold flash to be removed
15 from the leadframe 10 is controllable through regulating the time the acid solution 34 is

allowed to contact the leadframe 10 surfaces.

An experiment was set up where a molded leadframe 10 was held in the solution 34 for
a period of time. The time elapsed and the depth of EMC 16 and leadframe 10 being
20 etched were recorded. FIG. 8 is a graph showing respective depths of EMC 16 and

leadframe 10 being etched by the acid solution 34 with increasing exposure time.

The data recorded shows that after the EMC 16 was immersed in the acid solution 34
according to the preferred embodiments of the invention with a flow rate of 3ml/min for a
25 period of 45 seconds, the depth etched 62 was observed to be 2.82 mm. On the other
hand, after the leadframe 10, which was made of copper or a copper alloy, was
immersed in the acid solution 34 with a flow rate of 3ml/min for 45 seconds, the depth
etched 64 was observed to be only 0.03 mm. In practice, the moid flash usually has a
depth of less than 1mm, therefore the acid solution 34 is able to clean the leadframe 10

30 within a few seconds.



5 Accordingly, the anbunt of nold flash to be renoved fromthe | eadframe 10
Is also controllable through controlling the flowrate of the acid solution
34. FIG 9 is a graph show ng respectijwve depths of EMC 16 and | eadfranme 10
being etched by the acid solution 34 with different flow rates of the
solution 34 for approximately five mnutes at a constant volunme. 10 The

dat a r dtoedsst, feothickneas dof tiee tesuiftanes d BednGind ralativdhe uBMEArgRdVaBlehcd 2them at

a solutjion flow.rate of, 3. mM, / mn. wever he, dept h et ched 68 fromthe
et r S Stq 3k Shfy SrelaiEy reiove 18 TS naskivle BhE |G diRe ol Teat o
of thergafivtly ORafféctbacr eases, the tinme of acid solution 34 being exposed to

the | eadf rane decreases. This resulted in reduction in depth etched fromthe
| eadf rane. Therefore, a lower flowrate is preferred for nold flash renoval .

T ] t h ff f.t I ' | utj th f
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34 was cohtrsliatte ﬁﬂdu?ﬁ(@iﬁﬂ&bﬁidg%émoav rabdsfaheailidesiutiBntdat FIedgneta Heph
treated with the solution 34. FIGs. 10A and 10B are graphs show ng surface

r oughnaBewingofasipestieg defths eddtMeEnd61and deadframant dreing etehedrbydthel ack
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After tbestadr felgmenas treated with the cleaning solution 34, the nold flash
was cleared fromthe surface of the |eadframe 10, and the surface roughness
wat) found to be Ra 4.475m Therefore, after mold flash removal, an

undul at f.d 1.4 8. f 0
artor TaE Yehg kb ihifis e ResiicicHibd 68 M YR BN 1B1ac S TR 2
pi ct ur gslusibaWiongraie witEml droipl. eHowevehehes Webite etatiedatcd @i e Idmxffeinee a0d
after nold flash renoval respectively using the preferred apparatus

accor dWia§ andy P8 1M &b the ramerflowratehe water dropl et 72b appeared to smear
on the

15  As the flow rate of the solution 34 increases, the time of acid solution 34 being exposed
to the leadframe decreases. This resulted in reduction in depth etched from the

leadframe. Therefore, a lower flow rate is preferred for mold flash removal.

To examine the effect of the cleaning solution 34 on the surface roughness of the
20 leadframe 10, a molded package 20 immersed in the acid solution 34 was studied and
compared with a molded package 20 that had not been treated with the solution 34.
FIGs. 10A and 10B are graphs showing surface roughness profiles of the leadframe 10

before and after the mold flash removal respectively.

25 The data showed that the leadframe 10 had a roughness of Ra 0.077um before the
surface was cleaned of the mold flash. After the surface was treated with the cleaning
solution 34, the mold flash was cleared from the surface of the leadframe 10, and the
surface roughness was found to be Ra 4.475um. Therefore, after mold flash removal,
an undulating rough profile 70 is formed on the surface of the leadframe 10 after

30 reaction with the acid solution 34.



surface of the lead 14 after the |leadfrane 10 was i mmersed in the cleaning
solution 34 5 and dried. However, the water droplet 72a did not snear on the
surface of the lead 14 before inmmersign-in the solution 34. The spreading
of water droplet is nmeasured in terns of contact angle with respect to the
pl ane of the surface. The contact angle of the water droplet 72a and 72b
are ne&dbsed1Acarinke16B anedpidtures showingyal watetT liusplehen therduatazecokeadgadiagt

i ncrea eg for the_|leadfra éo whi ch was tE.ea]ted W th the cleaning 10

sol ut | BRIORoARE, Stet dPoldh daslatRTaYR (e ReCtYe At elion s, PIRCHR] ARRATalSon
34, thecesidif & theWaltioh adins UhecRariediapldi7dh8ppeads tbisiaue onmeoved.
This indicates inproved wettability and adhesion strength of the solder on

t he nesdtfaceafithel leadwiv afier thepleatifamed10 was isnmerspdrin ithe claanirg aaiutien 34

noi sture diffusjon through surfac the EMC 16 intp the 15 | ded kage
0. 8¢ hetfdlrectrBSsker 307 Wete), bR 2 A8 sidt it e e, Bl Ee8 50
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The nol ded ackage 20 was dried at 120C in a chanber conprising 85%

rel at i Vermauef enntgctranglgwithgaspectdadhe planesfitbe sudpee ail hegmmtactigngleolithe. 20

exposct s B rodiemd, 7% B ThaRua BB 6rh AlF 457 oBREARRR o Tt the
r especkiumaty endhfy liad tceduseriifor thaleatihiaptain g Weich wakatrbatedhgitiminglekaparkage
20 which had not been treated with the acid solution 34 was 4.6ng after 22

day@. melwtioer Hance. eiestha leaghpmeri ipireated wih dhe apdsaidtion Pdethepsiacge 20
5. wnf QRerfissSiarhs HcE: eddIgy i We tedds PORGR TubfiRea) Mg hARESTBRAKICE |

t han t hetidiikaged 2dhevibhGtrangth obthetgotddrash thietrhetah et 14 iviiicB4b plefssed.
noi sture absorption is preferred as noisture may lead to defects in the

el ectronic conponents in the package 20. 30 It should be appreciated that
t he nol I - I [ ' s of
the 1 nibAN SRR G HERER Mol RE SRS Rud S BEE LEHTEMRTIBT e |
maski ngndited patkage 207 frrcmoitutehabdwptibre psogrankage sifdied ifor modddpaciadgdi ng
20 before and after it is treated with the cleaning solution 34 respectively. The moided
package 20 was dried at 120°C in a chamber comprising 85% relative humidity for 3

hours, and thereafter kept at room temperature.

20 FIG. 12 is a graph showing moisture gain by the molded package 20 when exposed to
high humidity before and after the mold flash removal respectively. The data showed
that moisture gain 74a by the molded package 20 which had not been treated with the
acid solution 34 was 4.6mg after 22 days. However, the moisture gain 74b by the acid
treated molded package 20 was 3.2mg after 22 days. Therefore, it appears that the

25 molded package 20, which had been treated with acid solution 34, will absorb less
moisture than the package 20, which was not treated with the solution 34. Less
moisture absorption is preferred as moisture may lead to defects in the electronic

components in the package 20.

30 It should be appreciated that the mold flash removal apparatus according to the

preferred embodiments of the invention helps to avoid the need to utilize an adhesive



process. Thus, the apparatus of the preferred enbodi nents of the invention
are cost effective. 5 Mreover, since the acid solution 34 primarily
renoves the nold flash and it has limt3®d reaction with the |eadfrane 10,
it does not significantly affect the thickness of the |eadfrane 10.
Therefore, it wll not affect the functionality of the package. In addition,
when t tapeafirdnaskiogitbe Bitone sctrfaceiafitheneadless mkaget%eprieatm thiet maldingugh

surface rofl i ncre sed rfac n i,S O d.. se | rove the
et t abPdtesanthud dhe SPRRFARE 4T s Breth s Mbet etk HyaRinTSTEh pE AR 1o
ot her dguéwpes. The cleaning operation is also quite fast and it only takes a
few seconds to clean a nolded | eadfranme 10. The silica resi due and charred

material renoved fromthe |eadframe 10 may be separated fromthe soI ution
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these ahdpirereateat isunfacet bacrypas abmnrmoul dThieee simpioael yhedeweﬂmﬂtysmh t hat
the acid solution wll contact the unnolded surfaces to renbve excess
entbips splderailitnef the moldgs packagezl tanatiachipent tn eiheg deviseact with the nol ded
surfaces. After nold flash renoval, the 25 individual packages conprised in
the nol ded | eadframe 10 may be singulated so as to form separate nol ded
sem cofitectleanipg degation Thelsonyeite ifast ares dr omigdakes & few Sesosde b idkdan &o
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15 solution 34 may be recycled by pumplng back towards the leadframe. The filtered
solution 34 may be mixed with fresh acid solution 34 during the cleaning process.

Therefore, it may serve to improve productivity and cost efficiency.

In accordance with the foregoing, the preferred embodiments of the invention may apply
20 to any packages with unmolded surface, such as an exposed die type packages, an
exposed die pad packages, and an exposed heat sink packages. For each of these
implementations, the apparatus should be similarly designed such that the acid solution
will contact the unmolded surfaces to remove excess encapsulation material while
substantially avoiding contact with the molded surfaces. After mold flash removal, the
25 individual packages comprised in the molded leadframe 10 may be singulated so as to

form separate molded semiconductor packages.

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

scope of the above description.



CLAIMS: 1. Method for renmoving excess encapsul ation material from unnol ded
surfaces of a nolded substrate including sem conductor packages, conprising
5 the steps of: nounting the substrate to a hol ding device with the unnol ded
surfaces facing an acid source for suﬁﬁlylng an acid solution; contacting

t he unnol ded surfaces with the acid solution for a sufficient tinme to
renove t @Qﬁﬁ@fés encapsul ation material fromthe unnol ded surfaces 10
whi |l e sub al |y avoi ding contact with nol ded surfaces thereof; and
thereafter renpving the substrate fromcontact with the acid solution. 2.
Met hod as clained in claim1, wherein the hol ding device conprises a buffer
sheet i ncl-udi ethogl RralrelPVig texceagheneanssialinn matesiebgrom wpmalded) t he

15 substr r r r ont o
Lhe: buf | SETBReS L R 4 pefale ididifa YerRERadictil PHekAtes? BRI Pos pond
W t h bocahéefesps ¢ff the through- hoI es 3 NEt hod as clainmed in claim2,
wherein the buffer sheet is nad ynmeric or a ceramc materlal

4. Method as dT‘%Wﬁéw the sHbstrate '@radlc?i‘ij'ﬁgsde%t“éﬁhnm%éna‘tﬁkﬂﬁ%§HU@P@‘h is

proj ecte \éeérg strate to contact 'the unnol ded
surfacesq?%hg gh %gsggfe?@rggﬁ%lga E%H%%{alﬁﬁhd as clainmed in any one of the
precedi ng cl aldmtacMngrmenunMIcﬁcbpudécemt thagatidesslutist rfat @ toffisiehdl di ng
devi ce further conprises the step o posi tioni ng the unnmol ded surfaces of

t he substtimg do gameve t§§r%§ﬁg‘-‘ﬂf@9§€'@t'%r”‘a@ﬂﬁl §TPH1; the UpMAlPRd sHERERSto t he
unmohged Gt @ifstant3fly a¥8iding contact with molded surfaces thereof: and thereafter

removing the substrate from contact with the acid solution.

2. Method as claimed in claim 1, wherein the holding device comprises a
buffer sheet including a plurality of through-holes and the step of mounting the
15 substrate further comprises the step of positioning the substrate onto the buffer
sheet such that the locations of the unmolded surfaces correspond with locations

of the through-holes.

3. Method as claimed in claim 2, wherein the buffer sheet is made of a

20  polymeric or a ceramic material.

4, Method as claimed in claim 2 or claim 3, wherein the acid solution is
projected from the acid source towards the substrate to contact the unmolded
surfaces through the buffer sheet.

25
5. Method as claimed in any one of the preceding claims, wherein the step of
mounting the substrate to a holding device further comprises the step of
positioning the unmolded surfaces of the substrate onto a scrubbing device for
applying frictional force to the unmolded surfaces.

30



6. Method as clainmed in claimb5, wherein the scrubbing device conprises a

brush with bristles for contacting the unnol ded surfaces. 7. Method as

claimed in claim5 or claim6, wherein the scrubbing device 5 conprises

sponge. 8. Method as clained in any ong. of clains 5 to 7, wherein the

scrubbing device is nmade of a polyneriT or a ceramc mat eri al. 10 9. Met hod
lution i

| ai 5 8, wh i
o o bat oty oMENEAEs o i talnL S Ehetilt iR, SeiubBuR 1 ER o Es Aol ded
surfaces fERugh Briveics F6LEitaGENeasmdRed MeHagss as ¢l ai med in any one of

t he preceding clains, wherein the step of 15 nmounting the substrate to a
hol di ng device further conprises securing the substrate to the hol ding

attaching a | o8 oF RS 'y SRR & MhEFap BelrBURbhE aLiee "

subst Bat esordrise3. spdeigeod as claimed in any one of preceding clainms, further
conprising the step of transporting acid solution including excess
encapsul ation naterial away fromthe unnol ded surfaces. 25 13. Method as

clai med ig a”yMQf?]%poés RIS fﬁgaﬁ £ Sugsf'(‘ tb e \D%r%'rngh%%g}’utfb‘?ng} ai med

conprises a paifr 0 WS T or grlplng rate.

in clai mcﬂe%nce/\iseﬁad@oaa pdobasériooeackrdrhie matssial.s bi ased away fromthe
substrate to stretch the substrate. 30 -16- 15. Method as clainmed in claim
13 or claim14, further conprising the step of oscillating the substrate in

diregpi ong parl‘@éih?)d éﬁcl&ﬁﬁe@ﬁi anBHé OF clahfis SMR'E Uh&RirFtHR! 4B sbiutidAYs one of
clains 13'to 1 conprising the
projected from the acid source towards the substrate to contact the unmolded

surfaces through the scrubbing device.

10. Method as claimed in any one of the preceding claims, wherein the step of
15 mounting the substrate to a holding device further comprises securing the

substrate to the holding device with a pressure plate.

11. Method as claimed in claim 10, including attaching a layer of rubber
material between the pressure plate and the substrate.

20
12. Method as claimed in any one of preceding claims, further comprising the
step of transporting acid solution including excess encapsulation material away

from the unmolded surfaces.

25 13. Method as claimed in any one of preceding claims, wherein the holding

device comprises a pair of jaws for gripping the substrate.

14.  Method as claimed in claim 13, wherein at least one of the jaws is biased
away from the substrate to stretch the substrate.
30



5 step of rotating the substrate relative to the acid source. 17. Method as
claimed in any one of preceding clains, wherein the acid solution conprises
10%to 30% of concentrated sul phuric acid and 70%to 90% of concentrated

nitric acid. 10 18. Method as claineq‘gp_any one of the preceding clains,
including the step of heating the acid solution or the nol ded substrate.

15 subst rit o el b Bt i kpn 1 BL S, 6 RS SR tlioREsBE S o ot de
sem condu¥cilating ehegebsthte e QireziieRSpAranans thabtidsdmeeri al  has been

renmoved according to the nethod as clainmed in any one of the preceding
cl ai ns.

16. Method as claimed in any one of claims 13 to 15, further comprising the

5 step of rotating the substrate relative to the acid source.

17. Method as claimed in any one of preceding claims, wherein the acid
solution comprises 10% to 30% of concentrated sulphuric acid and 70% to 90%
of concentrated nitric acid.

10
18. Method as claimed in any one of the preceding claims, including the step

of heating the acid solution or the molded substrate.

19. Method as claimed in claim 18, wherein the acid solution or the molded
15 substrate is heated to a temperature of between 60°C and 90°C.

20. A molded semiconductor package wherein excess encapsulation material
has been removed according to the method as claimed in any one of the

preceding claims.



