-1- MOLD FLASH REMOVAL PROCESS FOR ELECTRONIC DEVICES 5 Field of the
I nvention The invention relates to the processing of sem conductor devices,
and in particular to the renoval of-fmld flash from nol ded substrates
i ncl udi ng sem conduct or packages. 10 Background and Prior Art In the
assenbly of sem conductor packages, nolding is one of the key manufacturing
processes in which sem conductor conponents bonded to a substrate are
encapsul ated wth pl asuégé !r ﬁ BE&QZ I s epoxy nol di ng conpound
(EMC), to protect them FLA H AE I:'Rékﬁ;!ﬂssﬁne exanpl e, the
substrates are | eadfranes FOR ENMEGTRONMCOQEMICESr dice conprising
integrated circuits attached to them Thereafter, the integrated circuits
are el ectrically connected to | eads on the | eadf r ames by bonding wres. The
r capsul ate the bonded wires, part of the |eads and the
di ce\,\f:ie’ld |In§cjﬁlééi{t§ﬁ1pconductor packages |ike rml ded | eadl ess packages or
Quad- Fl at No-Lead (QFN) packages, the | eads are exposed at the bottom of

the devices for electrically ( connecting the packages to external deV|ces.
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to be connected to external devices. Also, it my be preferable not to cover
a die-attach pad 12 on which a sem conductor die 18 has been attached to

i Hbr oBackegraund @nddnieiAdn of the package. 30 Referring to FIG 1A the

| eadf rame 10 conprises a plurality of |Ieads 14 surrounding a centrally

located die-attach pad 12. After a sem conductor die 18 has been adhesively

e

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
15 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.
20
In some semiconductor packages like molded leadless 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
25 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.

30 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



-2- attached to the die-attach pad 12 and electrically connected to the

| eads 14 by bonding wres 22, the wire-bonded | eadfrane 10 is then
encapsul ated with EMC 16, which is sBewn partially nolded onto the

| eadf ranme 10. Referring to FIG 113, the partially nolded |eadfrane 10 is
shown with the leads 14 and the die-attach pad 12 exposed on 5 the bottom
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encapsulating material may solidify to form mold flash or bleed.

15
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



These additional processes often result in contam nation, such as remants
of adhesive 30 remaining on the |eadfranme 10, and hence cause probl ens such
as poor solderability during |ater -gFocessing during package assenbly.
Furthernore, the additional |ayer of -3- soft polyam de tape attached under
the | eadfranes 10 will introduce conpliance to the |eads 14 during the wire
bondisedt pelyamiis tapeuatiagchednmuyderdballeadfrarpes rl Onvilldniseduce gomplianee yo the
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pr oc d8anUfapkriagafdeqadiesopackagssr at us and met hods that have been i npl enent ed
ig the prior art to renove the excess encapsul ation material after nolding.
10 In alaser ablation approach illustrated in US patent nunber 6,838, 637
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dPilizes a point attack method to renpve the mold flash. Thus, the
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and a YAG laser is then used to remove a thin layer of flash remaining after the CO2
15  laser deflashing. The CO2 iaser 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 fltash. 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 fo undergo another cleaning



25 to a reaction chanber and the encapsul at ed packages are exposed to the
pl asma gas, thereby renoving the excess nolding material and ot her

contam nants fromthe surfaces of tHe packages. The problemw th using the
af oresai d plasnma etching approach is that the plasma gas 30 may react with
the EMC 16 to formsilica residue and charred material. Hence, after the
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approach less efficient and cost effective. It would be advantages to avoid
sone of the aforesaid di sadvantages of the prior art by roviding a
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excess encapsul ation material on an ( unnol ded surface of nolded substrate
i s renmovabl e. Accordingly, the invention provides a nmethod for renoving
exce tl ; material from unnol ded surfaces of a nol ded
subssrsqr%\@gﬁa?’?a { l'n%nt'dlr?conductor packages, conprising the steps of:
nounting the substrate to a holding device with the unnolded surfaces
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w |l be convenient to hereinafter describe the invention in greater detail
by reference to the acconpanying drawi ngs. The particularity of the

dr aw 3@yt Vhe” #VBHEGn 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
unmolded 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 subsirate 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



25 description is not to be understood as superseding the generality of the
broad identification of the invention as defined by the clains. 30 -5-
Brief description of the Draw ngs Exabpl es of apparatus and net hods for
removing nold flash froma nolded | eadfrane in accordance with the
invention will now be described with reference to the 5 acconpanying

dr awi Baef descrigiootof tike Qsawingsand 1B are an el evation view and a back view
respectively of a leadframe of the prior art that has been partially nol ded
with EMC, 10 FIG 2 is a sectional side view of a nolded | eadl ess package of

the pEk8mpRd of ApfarGtusdand nfethess FeMendinle moieWash fdnial mMe’icdeaddfravme
positioned onto a nold flash renoval apparatus according to the first
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a I r.s jn,.the nolded | eadframe positioned onto the nold
fl shggg?@séﬁﬂgﬂﬁ‘%&é @ﬂgmﬁhi n FIG 3 FIG 5 is a sectional side view of a

nol ded | eadframe positioned onto a nold flash renoval apparatus according

to the second preferred enbodi nent of the invention; 20 FIG 6 is a
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i nven prrctures show ng a surface of a nol ded
package before and after 25 nold flash renoval respectively; FIG 8 is a
graph _show ng respective depths of EMC and | eadfranme being etched by an
atd d §HBuRivn sertional sidecdewref aneldad lead|ess packagepétheopriel atgr aph showi ng
respective depths of EMC and | eadfrane bei ng etched by the

{ FIG. 3 is a sectional side view of a molded leadframe positioned onto a mold flash

removal apparatus according 1o 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 moid 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;



acid solution with different flow rates of the solution for approxi mately
five mnutes at a constant volune; 5 FIGs. 10A and 10B are graphs show ng
surface roughness profiles of the Ie&dframe before and after the nold flash
removal respectively; FIGs. 11A and 11B are pictures showi ng a water droplet
on the surface of a | ead before and after nold flash renoval respectively
u3| nd} IBh8 ipaafraph sboainarespestiec depitis rof BEMCtans leadframedering retcrra@yﬁheand
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Det alcbﬁgtaqﬁgmh{glon of the preferred enbodi nents of the |nvent|on Referr| ng
to the drawings i'n which like parts are referred to by like numerals, FIG 3
is a sectlonal side view of a nol ded substrate such as a mol ded | eadf r ame
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on an unnol ded side corresponding to the Ppositions of the packages. FIG 4
is a sectional side view of a nol ded package 20 conprised in the nol ded
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buffer sheet 36 is preferably made a polynmeric or a ceramc nmaterial.

TBe nmrantion hesdin: and 10 is preferably positioned onto the buffer sheet 36
with the unnol ded surfaces facing an acid source for supplying 30 an acid
solution such that the |ocations of the unnol ded surfaces correspond with

(the Higcabiignsgripht StoviRg heitegn 8%-a mblded package when exposed to high

humidity before and after the mold flash removal respectively.

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
dnsingulated 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 corres'ponding 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 fiash 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.



The nol d fTash tenoval apparafus 30 FUrt her conprises an acid source such as
a sparger 31 having a plurality of nozzles 32 positioned adjacent to the
unnmol ded surfaces of the | eadframe 10 for supplying an acid sol ution
thereto. Therefore, each 5 nozzle 32 <brresponds to an openi ng of the

t hrough-hol es 28 on the buffer sheet 36. The nold flash renoval apparatus
30 further conprises a pressure plate such as top plate 40 for securing the
| eadf rane 10 agai nst the buffer sheet 36 during the nold flash renoval
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leadframe 10.
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 bottom surface of the

25 cleaned molded leadframe 10.

The unmolded suirfaces 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 soiution 34.
30 Thereafter, the leadframe is removed from the buffer sheet 36 and from contact with the

acid solution.



acid solGtTon, -B-The acrd solution 3% preferably conprises a mxture of
acids. The acid conposition preferably conprises 70-90% of concentrated
nitric acid and 10-30% of concentrated sulfuric acid. The acid m xture or

t he nol ded | eadframe nmay be maintained-at a 5 | ukewarm tenperature. However,
a higher tenperature will give a higher activation energy for the cleaning
solution, resulting in a higher reaction rate. Therefore, it is nore
preferable to heat the acid solution or the nol ded | eadfrane, and the
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surfaces. Alternatively, 20 the scrubbing device nay be In the formof a

sponge. The bristles 46 of the brush 44 or the sponge are preferably nade
meric, materi |l on, or a ceramc kgateri
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15
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 atitached 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
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i njected through the brush 44 onto the unnol ded surfaces of the nol ded

| eadf rame 10. 30 Sinultaneously, the brush 44 will oscillate parallel to the
bottom surface of the |eadfrane 10-9An outlet return flow 52 for the acid
solution 34 nmay be provided for -9- transporting the residue away fromthe
cl eaned surface of the |eadfrane 10. The cleaning solution 34 cooperates
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preferred enbodi ment of the invention. 10 The nold flash renoval apparatus
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15 the jaws 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 heid 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 conirolled by controlled dipping of the leadframe

25 10 parallel to the surface of the solution 34.

When the holder is oscillated in directions paralle! 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.
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When the holder is oscillated in directions parallel to the surface of the
solution 34, the leadframe 10 will nove correspondingly. Thus, the solution
34 is nmade to contact tthe unnol ded- $&rfaces of the leadframe 10 relatively
evenly during oscillation of the 30 |leadframe 10. -10- Alternatively, the

hol der may be rotated instead of oscillated relative to the acid sol ution
34. Byteappliveihhdhenbelsiesmay betrbiated insteadintiossillaied delative Ite thif paidesciwtiont he

exce t t I e om_t
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nol ded package 20 before and after nold flash renoval respectively.

Ref eithe Aiplded fmadframe 10 mhandhgy ara inpomtpet with deaisolptierRade 20 are covered
.th nold flash after nolding. The nold flash covering the Ileads 14 w |
sult in poor solderability of the |eads 14 to an external device.

Ref ermGag 720and 78 &re ﬁﬁtur@étsﬂov\nﬂi@ ahbeokageols makidaesackagea2®efdreharan acid

solution 34, nold flash is renoved fromthe | eads 14. The cl eaned, exposed
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34 i Seadd Howal réquiciarniatsoldwabiigddh thededds 341tb avesxierinl eepiRel MRéferiis set
ﬂB where a_nol ded | eadfrane 10 was held in the solution 34 for a period of

e loTiie. ¥Brafter thssarkags %@%b@@mtrsﬁtmth@nﬁdﬁ pelifien sde madd faship 20
etche 8 FrS&ggﬁgqeaﬁé 4hegﬁ8 c%%ﬂBE ‘-putnésageﬁ'oém Qﬁ&&#és pefeEMC 16

ern C e acid ron 34 w th increasi ng
exposssiderbbiti.. The data recorded shows that after the EMC 16 was inmmersed in

‘the acid solution 34 according to the preferred enbodi nents of the

i nvention wwth a flowrate of 3m/mn for a
In the 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
aflowed 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 elapéed 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 mold 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.



25 period of 45 seconds, the depth etched 62 was observed to be 2.82 nm On
the other hand, after the | eadframe 10, which was nade of copper or a copper
alloy, was inmmersed in the acid solt@tion 34 with a flowrate of 3m/mn for
45 seconds, the depth etched 64 was observed to be only 0.03 mm In
practice, the nold flash usually has a depth of |ess than 1nm therefore
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fl ashelghiiig unbffietteadf rane material is relatively unaffected. 5 Accordingly,
t he amount of nold flash to be renoved fromthe |eadframe 10 is al so

control |l able through controlling the flowrate of the acid solution 34. FIG
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shows that the depth etched 66 fromthe EMC 16 was 5.52 nmat a solution
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decr eagemnt ¥Blupmg. esul ted in reduction in depth etched fromthe |eadfrane.
Therefore, a lower flowrate is preferred for nold flash renoval. To exam ne
1Be effect of the cleaning solution 34 on the surface roughness of the 20

st 08 St reedisa BB PRt 1% ap SRRA TS 0 PR S Rt LR A
(v t h sbigionoow irgte 43 miFl G, Hoveves, tHeBd&sth dIEReNB8hamitng Isadtane 10

“roughness profiles of the | eadfranme 10
was only 0.08tmm at the same flow rate.

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 respeciively.

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.



before and after the nold flash renoval respectively. 25 The data showed
that the |leadframe 10 had a roughness of Ra 0.077m before the surface was
cl eaned of the nold flash. After theiaurface was treated with the cl eaning
solution 34, the nold flash was cleared fromthe surface of the |eadfrane
10, and the surface roughness was found to be Ra 4.475m Therefore, after
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15  molded package 20, the moisture absorption property was studied for molded package
20 before and after it is treated with the cleaning solution 34 respectively. The molded
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 fo
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 moided 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



hi gh hum dity before and after the nold flash renoval respectively. The data
showed that noisture gain 74a by the nol ded package 20 whi ch had not been
treated with the acid solution 34 was-4.6ng after 22 days. However, the

noi sture gain 74b by the acid treated nol ded package 20 was 3.2ngy after 22
days. Therefore, it appears that the 25 nol ded package 20, which had been

t r eatama ort imaskind thel bottan stufacei of thebleadiesk gzarkagei 20 prier thdhe trheldpackage

whi ch not treated with the solution 34. Less,  noisture absorption is
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the pgekgge 20. 30 It should be appreciated that the nmold flash renoval
apparatus according to the preferred enbodi nents of the invention helps to
avoi d the need to utilize an adhesive 13- tape for nasking the bottom
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it has limted reaction with the eadframe 10, it does not significantly
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sol derability of the nol ded package 20 for attachnment to other devices.

The ebisenabilitycdheamaided Qaak@e Zaifereattaghmenido othesteyiaeskes a few seconds to
clean a nolded | eadfrane 10. The silica residue and charred nateri al
renoved fromthe |eadframe 10 nay be separated fromthe solution 34 through

(Filtre @s@anm@eoééﬂaheﬁ ELGJ a@é‘d @wi]té fa8l Hhd G oRly méshffé\e%&loﬂds kg d?é'é‘ﬂ?'a“g back
towards the frame. tered solution 34 may be mxed with fresh

aci d motedi leadtzan@uﬁﬂng Tthlee Sthcaar@rstdglep aod egharredrneatefial gemovedeiyormethee t o

| PTG dfrparn?g Lﬁ%%%y'/to% sae?)%rgt%atfro%fthg 's6lutdh 34 through filtration. The filtered acid

15 solution 34 may be recycled by pumping 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 moided 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 fo 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.



In accordance with the foregoing, the preferred enbodi nents of the invention
may apply 20 to any packages with unnol ded surface, such as an exposed die
type packages, an exposed di e pad packages, and an exposed heat sink
packages. For each of these inplenentations, the apparatus should be
simlarly designed such that the acid solution wll contact the unnol ded
surfaces to renove excess encapsulaqlon material while substantially

avoi ding contact with the nol ded surfaces After nold flash renoval, the 25
i ndi vi dual packages conprised in the nolded | eadfrane 10 may be S|ngulated
SO as t@lgng$n1separate nol ded sem conduct or packages. The invention

descri inis susceptible to variations, nodifications and/or addition
ot her than those specifically described and it is to be understood that the
invention 30 includes all such variations, nodifications and/or additions

which f1 wWMetad (el removing £xgess @isapsdlation malsral dsamr upmalged - 14-
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surfaces subst ra e In ng sem conduct or conpri si ng
5 the stl*erﬂepéof nounting the substrate to a hol di ng deV| ce with the unnol ded
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whi | e substantially avoi di ng’edont act of the acid with nol ded surfaces of the
nol ded subst eentactingnther Hame esunfmvwrﬁlg the aacid) selutian dor poavfdieisntict with

th | | d
devi ce. Hamot etee o MredR ot BpCuBof farkdi R she ARG sUtirigh. hol s
and@ hewsli€ psublstanbieiN iav@idilte contact of the acid with molded surfaces of the
molded substrate; and thereatfter
removing the substrate from contact with the acid solution.

2. Method as claimed in claim 1, wherein the holding device comprises a

15  buffer sheet including a plurality of through-holes and the step of mounting the
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.

20 3. Method as claimed in claim 2, wherein the buffer sheet is made of a
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 fowards the substrate to contact the unmolded

25 surfaces through the buffer sheet.

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
30  applying frictionat force to the unmolded surfaces.



substrate further conprises the step of positioning the substrate onto the
buffer sheet such that the | ocations of the unnol ded surfaces correspond
with locations of the through-holes. 20 3. Method as clainmed in claim 2,
wherein the buffer sheet is nade of a polynmeric or a ceramc material. 4.
Met hod as clainmed in claim?2 or claim3, wherein the acid solution is
projected fromthe acid source towards the substrate to contact the unnol ded
25 surfaces through the buffer sheet.- - Mthod as clained in any one of the
precedi ng clains, wherein the step of nounting the substrate to a hol di ng
device further conprises the step of positioning the unnolded surfaces of

t he subst Bat e dtdtiood as aiailmedrig oEm §ewherein &k agpbinggddvicectompiddesf @rce to

t he unnol ded surfaces. -15- 6. Method as . clainmed in claim5, wherein the

scr ubbi ngg’ﬂé?n with EB f?égo%tacm%&ﬁ ‘\'/Q"'E“P\‘dﬁﬁjisé'gg%%s-f or contacting the

unnmol ded surfaces. 7. Method as clained in claim5 or claim®6, wherein the
scrubbi ng device 5 conprises a sponge. 8. Method as clained in any one of
clains 5 tlo 7, Me¢ihodias claimes:iruble mgﬁg ot elaimebi whatale the ssrybbingdeviceor a
cerami ¢ material, 10, Met hod as clainmed in any one of clainms 5 to 8,

wher ei tHB”EE§8$§6$ﬁW38n is projected fromthe acid source towards the
substrate to contact the unnolded surfaces through the scrubbing device.

10. Method as clained in any one of the preceding_clains, wherein the step
of 15 nodht i ndlethed Aspelaimrdin any angt of Alge\a & 75 wherelp @Gnﬁfﬁ%‘éﬁg securing

the subst : i : L 1 ssure plate. 11. Method as
clained i rﬁ{ e?f%"%qﬂh%ﬁe?f%%@%ggr? ;é%h%fgchgéﬁegiglgr of rubber
10. 9. Method as claimed in any one of claims 5 to 8, wherein the acid solution is
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



mat eri al between the pressure plate and the substrate. 20 12. Method as
clainmed in any one of preceding clains, further. conprising the step of
transporting acid solution including excess encapsul ati on nateri al away
fromthe unnol ded surfaces. 25 13. Method as clainmed in any one of preceding
clainms, wherein the holding device conprises a pair of jaws for gripping
the substrate. 14. Method as claimedign claim 13, wherein at |east one of
the jaws is biased away fromthe substrate to stretch the substrate. 30
-16- 15. Method as clained in claim 13 or claim 14, further conprising the

: ; . . : . N . i d
source. 'fo. - pfioh 8 Al TR £ of oRimOCH (¥t g It S86 i,
conpr i sicsgiliatiey the stbsprate inrditeationgpartadielsiolibe pakdlesouedeat i ve to the acid

source. 17. Method as clainmed in any one of preceding clains, wherein the
acid solution conprises 10%to 30% of concentrated sul phuric acid and 70%

to 90% . CMAREE BI&SimEd i &ny26hé of khirk8- 13RS 9 dfuathef campRSingtha@ny one of
the preceding clainms, including the step of heating the acid Solution or

t he fol diep sliigtatingttbe substratetraladiveto theaaakkgounsecl ai m 18, wherein the acid
solution or the nolded 15 substrate is heated to a tenperature of between
60C and 90C. 20. A nvol ded sem conduct or package wherein excess encapsul ation

mat eri al17. hagidtaed d=cekieddaacandione bp préradiff BRImMas whedéifetlei aciany one of
the pr es%?t?tiloggco%&lisréss'w% 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 péckage wherein excess encapsulation material
has been removed according to the method as claimed in any one of the

preceding claims.



