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REMOVI NG EXCESS MOLDI NG MATERIAL FROM A S

Field of the Invention The invention relat \Mﬁw\\l\‘w
to plasma processing, and nore particularl

pl asma treat ment process for renoving thin Iayéf%‘s%f
excess nolding material froma substrate.

Substrates used in appli cati ons fz{;?."ﬁg“?ﬁ L
integrated circuits, electronic packages, and pri.ghes
circuit boards are commonly nodified by plasma

treatment. In particular, plasna treatnment is 10 used
in electronics packagi ng, for exanple, to increase

SPLASMA FROCESS FORREMOVING EXCESSSMOULDING MATERIAL

ei:R'“Eﬂ SOBSTRATENati on and bond failures, inproving
w re bond strength, ensuring void free underfill i ng of

chips on circuit boards, renoving oxides, enhancing

d#%lé‘totf?ﬁg’lnven Iorr‘rprow ng adhesion for die

The invention relates generally to plasma processing, and more
particularly to a plasma treatment process for removing thin layers of excess

molding material from a substrate.

Background of the Invention

The surface properties of substrates used in applications relating
to integrated circuits, electronic packages, and printed circuit boards are
commonly modified by plasma treatment. In particular, plasma treatment is
used in electronics packaging, for example, to increase surface activation
and/or surface cleanliness for eliminating delamination and bond failures,
improving wire bond strength, ensuring void free underfilling of chips on circuit
boards, removing oxides, enhancing die attach, and improving adhesion for die
encapsulation. Typically, one or more substrates are placed in a plasma
treatment system and at least one surface of each substrate is exposed to the
plasma. The outermost atomic layers may be removed from the surface by
physical sputtering, chemically-assisted sputtering, chemical reactions
promoted by reactive plasma species, and combinations of these mechanisms.

The physical or chemical action may also be used to condition the surface to
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encapsul ation. Typically, one or nore substrates are
placed in a plasma 15 treatnent system and at | east
one surface of each substrate is exposed to the

]Pilmagswn‘l(a% B'rl'h % é{% g&% a5 Bﬁbggfeﬁléri% %[e?ag%dg%%ﬁeﬁ%‘@ﬂinants from
chem cal | y-assi sted sputtering, chem cal reactions
pﬁhérﬁblbéﬂ'a{ﬂ/sﬂ@ﬁﬁﬁ-i ve plasma species, and conbi nations

of these mechani snms. The physical or chem cal actijon

may al so beDutirg semicandictarananufactiie f seraicopdyctorfiesie
properties such as adhesion or to clean undesired

CEdYhATY lestricatiycoupledshybsire dbads withdeads Dora mgtal carrier, such
sem conduct or manufacture, sem conductor die are

CREMNBAY frahREt I éadirhhesUanerallyovichidea homber of pads eads having

?n a metal carrier, such 5 as a lead frame. Lead
eé%%%éegjﬁé%égééé%@fég IR BUBFS oI StiARNclR e dith &
sem conduct e wt I [ U] refl.

SEHrHRAD gt iorii R 4ladiBl ediibad and oxtemal

el ectrical contacts of the. die ar ' bonded,.wi t

melecispah gorgiisoghe i are ire bander] Witk eda feriphe itne teads,
and its wire bonds are encapsul ated 10 inside a

package conEashisegieenduaten die@ngddiswise bepds ase sngarsylated

to protect the sem conductor die and wire bonds from

t isidels paskage consistimnof @ nesided eolytherdwodyrdesigmet! tonprotect the

storage and nmanufacturing processes as well as to

dsafi ctdritfie BRAIWiEEBERAYS RENT theradveeses 8AViksbNt sicountered
di e during operation. A common nolding nmaterial used

| BfE P8 o EIhoR GRS ABVEoS 85 8 et 6 cisipate
the heat generated from the semiconductor die during operation. A common
molding material used to fabricate such packages is an epoxy resin filled with
silica or silicon particles.

During the molding process, the lead frame and the multiple
attached semiconductor die are positioned between two mold halves. One
mold half includes numerous cavities each receiving one of the semiconductor
die and defining the package shape. The mold halves are pressed together in
an attempt to seal the entrance mouths to the cavities. The molding material,
which is injected into the mold, fills the open space inside the cavities for
encapsulating the semiconductor die and wire bonds. However, molding
material can seep out of the cavities between the mold halves and form thin

layers or flash on the exposed leads. This thin flash has a thickness typically

less than about 10 microns. Flash is detrimental as it may affect the ability to



10

15

20

25

During the nolding process, the |ead frame and the
multiple attached sem conductor die are positioned
between two nold halves. One nold half includes

NUNEr ous cavi.t i :

JBke B STy ety ohBefiohsgn SlodnsBiated semiqgnductor
mol d hal ves are pressed toget her in 20 an attenpt to
s#itl the entrance nouths to the cavities. The nol ding
material, which is injected into the nold, fills the
open space Fliashdeay he prexanted during themelgisg IPERFeRS Byeovering
sem conductor die and w re bonds. However, nol ding
nthieeydokkideasf the dgadframef witth tapeavidowexerh edheeinetm%y kel d
hal ves and formthin Jlayers or flash on the exposed
' Ransterréifforh M tdgedlthbacadiframediavksilet i rerhhin #ba residue
| ess than about 10 mcrons. Flash is detrinental as it

eﬂhfe%{ae@?erﬁ&éd U éddlﬁomﬁeg‘élﬂfth’éﬁthhé application are

ctrlca connections Wt t'he encapsu at ed

PR it Sy Sl oA R e g o

frarre w t wever, adhesive na .

L Famevad ater moling R meqgieniia g q%sgagaﬁgﬁ%msa%%sqfa@th a laser.
and remain as a residue after the tape iis renove L
adbiese removalrnpreachasleo syffet fiow dglidiencies it ﬁ%f‘ct their use.
relatively expensive, which adds to the cost of

nmEopéramples th&lemﬁramg ideuscaptibletd damage firomimegheypical flash
mechani cal and chem cal techniques, or wwth a | aser.

TP@ﬁSvélQ&@Mﬂhue@mmcdm@h@al methanical motistirfg. cChamicss
that restrict their use. 10 For exanpl e, the |ead

f bﬁé@gﬁt@? ﬁ%ﬁ@ Héﬁe%tl{/é? gﬁ%ﬁ ny ggTrHEﬁE%F\'eﬁﬂbaan?é lised, which

|ques SUC hani cal

oI hi
P po esntllan)g1 ralses Egsues of worker safety and waste disposal of the spent

corrosive chemicals. Laser removal is expensive and leaves a residual carbon
residue behind on the lead frame.
There is thus a need for a plasma treatment process that can

efficiently and effectively remove excess molding material from a substrate.

Summary of the Invention

The present invention addresses these and other problems
associated with conventional flash removal processes. To that end, a method
for removing amounts of two-component molding material from an area on a
substrate comprises exposing the substrate to a first plasma effective to remove
a first component of the molding material from the area with a higher etch rate

than a second component of the molding material. The method further includes
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processes may be ineffective unless highly corrosive
chem cal s are used, which potentially raises issues
of worker safety and waste di sposal of the spent

SR REEARRAR Bup 8355 BEBHAbAANBBTEENE 8 docone
Lgcggp%r{eog rﬂgger dibaéﬁgtgﬁﬁﬁfr&?\fetﬁgifagé@ ?@t‘?\[ﬁaﬁ{%er etch rate than

effectively renove excess nolding naterial froma
sthiedirstaearmpaentaf fhe maldiag Imateriel on 20 The present

i nvention addresses these and ot her probl ens

associ at ed i ariothensmbbdipmeit of ke mveationad metbed faraemoving
To that end, a nethod for renoving anmounts of

t %P6 AL Wo-8BhihoRe ntliofdih @ mdtekan from ainesrearorea substrate
substrate conpri ses exposing the substrate to a first

ﬁ%‘?@@%ﬁ%‘?@é‘?'ﬁa ?i?bg:ﬁ%?é& forfndd fr&in & RSP 938 Hixkire iM@uding a

n ] g area wth a higher etch rate

than _a secon 0 e . I te e

et BnBaR AR oy IPRERE Bl e Lot sBRefifg o28 ekt than an
to a second, plasma effective to renpve th econd ..
CORIESTATBITIG Ga% S PEF IR AHPOSINOrPE PUPAIEaE: GG st plasma to
hi gher etch rate than the first conponent of the
ntdrdoveya fisstaaanaponant ofihe meldiaghwierielfrorpithe meea with a higher
i nvention, a nmethod for renoving 5 anmounts of a

t wtehoatethaed secdrtd ogmpahent aflthé nuotdimg raatestiabnThe method
substrate includes generating a first plasnma forned

f (AR indlgds gaserdting & Sedohdl plaérg férmédfm a second gas mixture
concentration by volunme of a fluorine-containing gas

g RS 0L Sy 1B g gas
species than the oxygen-containing gas species and then exposing the
substrate to the second plasma to remove the second component of the
molding material from the area at a higher etch rate than the first component of
the molding material.

These and other objects and advantages of the present invention

shall become more apparent from the accompanying drawings and description

thereof.

Brief Description of the Figures

The accompanying drawing, which is incorporated in and
constitutes a part of this specification, illustrates an embodiment of the invention
and, together with a general description of the invention given above, and the

detailed description given below, serves to explain the principles of the
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remove a first conponent of the nmolding material from
the area with a higher 10 etch rate than a second
_corrlpogent of the nolding material. The nethod further
i.nc es generating a second plasnma fornmed froma
s'QX%ﬁborbas nmixture including a higher concentration

by volunme of, the fl uyoripne-containi.n S (o]

t he oxygen-i'@)‘ﬁs} éﬂq{?ﬁ%aéﬁég@m"f' Vi %ﬁ?%ewggﬁpfsgmmgystem
the substrate to the second plasma, to renpve the

sfot plasne trpatiea substratas in sceRIHaNFR Wit 1B iPainciples ot e present
area at a higher etch rate than the first conponent of
timgentidrdi ng material. These and ot her objects and

advant ages of the present invention shall becone nore
apparent fromthe acconpanyi ng draw ngs and

description thereof. 20 Brief Description of the

Fpaifsy EBscﬂPﬁamieere%ﬁ%ranbwmbnw _

[ rpor e _ constrtutes a part of this

speci ficati '

b %H\ H{%ﬂgéé%:é% five F@uggéﬁgﬂlgggfé tr@htridi system 10

i nvention er 'w descri ption of

the ipventio iven abov and. t.h [ ;
Qe BROG I ERe, (2 pRtlted g3 e} Rficiose a processing
principles of the -4 invention, The Figure is a,. .
depasaikfauing RIasma RIOGRSSNG, the Usatrmant @Wéﬁﬁ 12 i5 sealed fluid-
pl asma treating substrates in accordance with the
ptighicirpmeke sbirmadingearshient envieonment. The treatment chamber 12

includes an access opening (not shown) configured for a transferring substrate
20 to and from the processing space 14. A vacuum pump 16 used to evacuate
the processing space 14 of treatment chamber 12 may comprise one or more
vacuum pumps with controllable pumping speeds as recognized by persons of
ordinary skill in the art of vacuum technology. Process gas is admitted to the
processing space 14 from a process gas source 18 through an inlet port defined
in the treatment chamber 12 at a predetermined flow rate. The flow of process
gas from the process gas source 18 to the processing space 14 is typically
metered by a mass flow controller (not shown). The flow rate of gas from the
process gas source 18 and the pumping rate of vacuum pump 16 are adjusted
to provide a processing pressure and environment suitable for plasma
generation. Processing space 14 is continuously evacuated simultaneously as
process gas is introduced from the process gas source 18 so that fresh gases
are continuously exchanged within the processing space 14 when the plasma is

present.
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5 Detailed Description of the Preferred Embodi ments
Wth reference to the Figure, a plasma treatnent
system 10 includes a treatnment chanber 12 constituted

b

o asm ZrL%&aﬁ%‘sﬂiﬁﬁfeﬁﬁéﬁﬁm@m&&x@*ﬁ e ifetpre
fluid 10 tight fromthe surrou %
cOTiGARRONST tohan aleatiare BodaRimAd MR o1 1Bp diratment chamber

access opening (not shown) configured for a
t t2nsiiieh supporsisabstaate 200 the exethmanytreaimept s¥sten) he Power
space 14. A vacuum punp 16 used to evacuate the

PlrassTe frot Srom dee pddepbupply 22118 effectiventos fordingeayplasma 26
conprise one or nore vacuum punps with controll able

pgf&irﬂgtestBetﬁg SuBStraRCETftbAEHeProbesSeas confindd withinmaroyessing
In the art of vacuumtechnol ogy. Process gas is

g L 4d £8 2hg 1%&? ﬁorﬁ’trr& ?ﬁ‘é Hﬁ@ftsd?ﬁfé?\t ch semifad’ Rﬁﬁé@gh the

t fourfe - an in ort defined in

[ eat pent chanber a t

It by hmgg@tﬁ m’q@ﬁﬁbﬁf%ﬂs R é?s‘%é@é %ugt?‘%v (RF)
e processing space 14 is t I b

rrReWer FeRply OPEFalingsat q HSHUQM&G%‘@WU&%@&%XB‘? agut 13.56

fromthe 20 process gas source 18 and the punping rate

oMKz qreferablyabot 48 56aMHzlbough otherdiequengies may be used, and
processi ng pressure and environnent suitable for

plasdwer 1esIefortexampl & atwesh mpoapa0@0 watissand about 8000 watts at
continuously evacuated sinultaneously as process gas

' %o' Z 8366 Watts 26'2508 WAEE FET g8 MIS2UHDWVelRr sthosé af ordinary
fresh gases are continuously exchanged w thin the

PIRASS B SR GPpretidtEqRat dRe Rt 8Btrhent dRarRb&s@ddignPmay

permit different bias powers. A controller (not shown) is coupled to the various
components of the plasma treatment system 10 to facilitate control of the etch
process.

Plasma treatment system 10 may assume different configurations
understood by those of ordinary skill in the art and, therefore, is not limited to
the exemplary configuration described herein. For example, the plasma 26 may
be generated remote of treatment chamber 12 and delivered to the processing
space 14 for use in plasma treating substrate 20. Plasma treatment system 10
is further understood to include components not shown in the Figure necessary
for operation of system 10, such as a gate valve disposed between the
processing space 14 and the vacuum pump 16.

Substrate 20 is positioned in the processing space 14 of treatment

chamber 12 at a location suitable for plasma treatment. The invention
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A power supply 22 is electrically coupled with, and
transfers electrical power to, an el ectrode pedestal
24 inside of the treatnment chanber 12, which supports

el of Dol A S, 43¢k oatmen
effective f f ' I 2 ' .
cafiswbe 22 200 tregied A eBeBlay 3t BeriAed ag piavigedn
processing space 16 and also controls the direct
cprocessing Bpace dribyba singlenrealaRi RFAEESS: nvention is not

so limted, the power supply 22 nay be a

r adi o- f r eqUEhe plaskia treptment of sppbiyate20 efficientiytand effectively
frequency between about 40 kHz and about 13.56 Mz,

Preph&estthin RReH oflofindvitatéridl ticslgNash)dispdseeiore arsassof the

may be used, "and 10 a power |evel, for exanple,

b .
k U&;g’f% 3@9\/\6 ef'@égt?\é&%d%d %?é’a@ﬁﬁytbeg%gtémg? a rbldirtPprocess

watts af 13.5 However

t hose of or.din [ bk ' j
A iutte o et e
ifferent bias powers. A controlle not, shown) i s
CBpAapLISIMP RIS FIAONA M RoAD estlics] SOBFALE 6ra

treatment system 10 to facilitate control of the etct&
15emicendustor pieeneapsuatinginside,a Maldecdpekiines Pagkage. A common
different configurations understood by those of

opfbldiag ynatietial isiancormposite camsistinghefrast organic matyix, like polymer or
limted to the exenplary configuration described
Pghgk)ﬂ-anﬁoén MergBie filleh fike shieaarticieRWispersge ivetras maitrix for

te of treatnent chanber 12 and delivered to the

phgo%ﬁﬁf@fgé&ﬂﬁﬁﬁﬁgé? Aok Fem 10 15 further

e o oot e S SHREP STl 2D B 4 prcess

2 b%gctag u\r/)gln\{ﬁe %irgr?\iosséetﬂap t te\l\elejcgtg1 stena%tivity and etch rate of the organic
matrix and the inorganic filler constituting the molding material differ under
equivalent plasma conditions. The use of two distinct process stages
accelerates flash removal as the first stage is adapted to efficiently remove the
organic matrix selectively to the inorganic filler and the second stage is adapted
to efficiently remove the inorganic filler selectively to the organic matrix. One
approach for providing these two process stages is to vary the composition of
the gas mixture from which the plasma is formed.

In the first stage of the process, the substrate 20 in processing

space 14 is exposed to a plasma 26 formed from an oxygen-rich gas mixture

including a fluorine-containing gas species (e.g., carbon tetrafluoride, nitrogen

trifluoride, or sulfur hexafluoride) and an oxygen-containing gas species, like
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processing space 14 and the vacuum punp 16. Substrate
20 is positioned in the processing space 14 of
treatnment 25 chanber 12 at a location suitable for

tﬁ’é@?&@:ﬁﬁggﬁ% 06 L6 T b SRR dehidled that
reat ne ; .
LaENpISRERies8-Gpr GG a1 1075 GSUSHG oL MASHy 26 are

single treatnent process. The plasna treatnent of

snetativelyt eff@fliveffor tanaoning tharganiematieinthesreaggpsybstrate 20
thin layers of nolding nmaterial (i.e., flash) disposed
ofovred by dhe tiin layertofimeltinga0ateTiak  Sinaitatlys due betievadthat active
may be created by a nolding process during a previous

Wié’&bﬁﬂtﬁd‘riheséﬁ@ﬁati@frpm(tmfmlesma Ipesareackivelyf effective for
ext raneous nolding nmaterial nmay reside on electrical

C i t R . . .

F{%@ﬁ“@ g e e B G (R Rl By By Sb g e psma 26
erial is a.co L i SL ' o

E&FP gn orygéeéw-ﬁgtp gﬁg?ﬁlgﬁlr%&ﬁgﬁéggﬁe%r ﬁ'%or B fatrix is greater

e ot B e, BN Bl i

plasma treatment of substrate 20 is a two stage

praoessd selastive tpihe inogapicttiese that the etch

selectivity and etch rate of the organic 15 matrix

and the i noAgatéscribed labove ahetdongentigtiamby wolume gf the oxygen-
material differ under equival ent plasma conditions.

TESn%ﬁﬁn@ba&%e@ie%tih §é gas ARirkise of thecfirst proveks stagssis greater
fllash rendval as the first stage is adapted to

ATl ER T e BT neid pate. ho
result, the gas mixture for the first process stage includes the oxygen-containing
gas species at a concentration of more than 50 percent by volume (vol%). The
fluorine-containing gas species typically comprises the balance of the gas
mixture, although other gas species like an inert gas may be deliberately added
to the gas mixture so long as the oxygen-containing gas species has a greater
concentration than the fluorine-containing species. Of course, residual
atmospheric gases and out-gassing from chamber components also contribute
partial pressures to the partial vacuum inside treatment chamber 12. Gas
mixtures most suitable for use in the first process stage include about 70 vol%
to about 90 vol% of the oxygen-containing gas species. A gas mixture found to
be particularly suitable for this initial process stage of the process is 80 vol% of

the oxygen-containing gas species and 20 vol% of the fluorine-containing gas

species.
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to efficiently renove the inorganic filler selectively
to the organic matri x. One 20 approach for providing
these two process stages is to vary the conposition of

th i
(he 155" R O bRk A AP o o
P $r 8&3 o |%&£?$§V@#ﬁ&£’g%@?rﬁ$@x 1] H’&q quqg,gorhsgbét%tg% covered

fl uorine-containing gas speci es

Loy fher PirmiayBE of Moldiog erataBal rAaGI Aetve 3Pegtperaucrine remove
hexafluorlde) and an oxygen-contai ni ng gas speci es,

| ihecin@rganjafiifer (0 Heserllashecayiered aradss Heeirecipe of tha firat siage is
theory, it is believed that active species (e.qg.,

r ehtRiysinaffitiertie) rephowany teninorganit fikermndws teathgretatively low etch
relatively effective for renoving the organic matrix

| Patd 6 ¢ ﬁfﬁ%ﬁﬁr&éﬁ#&ﬂﬁé‘%l&ﬂg rﬁé’t\éﬁbledA@Ié rebgit L afiet the organic

| ayer o tertal. Srmlarly, it is bel i eved

th

PR RS PP S PR R U0 S5AC ARG e
i nor h | d
t @l(ﬁ.pagmggglc Hlep Fﬁrtgﬂf?lg)%%%#ngregﬁt 3 gg@%{rﬂ%\/ %6 %rﬁ%@ covered
etch rate for the organic matrix is gre th t he

cby flash: heanvention eagaalates iatbecase fiaseoqsf dage aiso
the organic matrix is renoved selective to the

i remgwes thef origaaic matixAslbkitswith Besignificantly lower etch rate, the
concentration by volune of the oxygen- containing gas

SBRFArRS mdlrix Heeg ABt MV ti Be ebniphatelyi restovedahering thedfigst stage of
is greater than the concentration by volune of the

f !tﬁ?fréé‘@érﬁ%ﬁbé%é“ﬂn@ﬁfa phRially femaved 854hé setbed pRscess

ur or 't I rst process stage i ncl udes the

héﬁ@@ Sg eﬁ‘%e%%a@”yﬁg 5 E%e?tmf\é &8 rl%ﬁéﬂa& 3b¢ fasHPlemoval, if

required.

In a second process stage of the treatment process, the substrate
20 in processing space 14 is exposed to a plasma 26 generated from a fluorine-
rich gas mixture of a fluorine-containing species (e.g., carbon tetrafluoride,
nitrogen trifluoride, or sulfur hexafluoride) and an oxygen-containing gas
species, like oxygen (O2). The plasma 26 formed from this gas mixture has an
elevated etch rate for the inorganic filler relative to the etch rate for the organic
matrix, as compared with the first process stage. Typically, the change in the
gas mixture is accomplished without breaking vacuum and, preferably, without
extinguishing the plasma 26 inside treatment chamber 12. This second gas
mixture may include the same two gas species as the first stage but mixed in

different relative proportions.
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15 fluorine-containing gas species typically conprises
the bal ance of the gas mxture, although other gas
species |like an inert gas may be deliberately added

to the gas xture so | on . - Al o
gas speci es ﬁagragygﬁmgaqo&p%nﬁé“érgﬁy&§W¥Z@n0fﬂ%n&%){yg'ﬂgcontammg
fluorine-cont ai ni ng, species. O course, resjdual

AFoSRARRS th 1hegas idirey sgaller than {ng:iaiegRtsafion by volume of
conmponents al so contribute 20 partial pressures to

tthe flierinesdontaivingrgas spenies. r Eypigaliy theaas arixtupe fotthe second

m xtures nost suitable for use in the first process

sétage incledesliesaliban 500l dfithe oxyganico@ining gasispenies and the
oxygen-contai ning gas species. A gas mixture found to
bsalBAEd bf tHeamixtueiédraprised Bie fludripeldtntainingigaxcssecies. However,
stage of the process Is 80 vol%of the

?{%‘%ﬁ pﬁg ggheiieeiliﬂg ﬁﬁg%@%%gﬁ%%%ﬁ%%b%&%éﬂ@ the gas mixture

f ontaining ga ecies. 8 ACtive species
0 J '
ot [RAGERT 1Y SRR ot Rae Bl VipplrYoncBhfon thar

substrate 20 covered b he thin |ayer of nolding. .
heHIGHINe- SQtABIGHSRRIP oG daikbites Figa: st B LISk in the
the inorganic filler in these flash-covered areas, the .

r se¢qnel proceas stagesgorsprgpoabauty G vl tQ/%tPQNtigrQqull/‘bee'ﬁ?P fluorine-
for renoving the inorganic filler due to the

r ebmtiaining gas speeiesh A gas miktare fching todreppartioulady suitable for this
nol ding material. As a result, after the organic

NB{dgeXofithe proSdsans i28! Vor%osf tRebikygén-contiming ¢akrspecidseand 80
spaces between the filler, residual inorganic filler

byors %ﬁﬁ?e‘:qlﬁc’éﬁeﬁé@'ﬂ?i“?@ GHPIRRAPE oo that bevause ¢ he
se t 10 : : '
i belt wi ¢ b TReANPAPEaHe!) e AEstE2 opnBRéq fom the fuorine-

rich gas mixture of the latter process stage remove the residual inorganic filler

more efficiently than the plasma 26 generated from the oxygen-rich gas mixture
of the first process stage. As a result, the overall process time required to
remove flash from the affected areas on the substrate 20 is reduced as
compared with a one stage process using only a single gas mixture that has a
higher etch rate for only one component of the molding material. This overall
reduction in process time contributed by the two stage process of the invention
significantly increases system throughput.

Portions of the substrate 20 susceptible to plasma damage may
be covered during the plasma treatment to prevent or significantly reduce
plasma exposure. The exposure time for each of the stages will depend upon,

among other variables, the plasma power, the properties of the treatment

-10-



10

15

20

25

organic matrix does not have to be conpletely renpved
during the first stage of the treatment process and
may be partially renoved by the second process stage.

O, cours the,t [ S i .
b AR P HTE TAEE l  l, ho o
stage of the treatnent proces t he subsit '

et 354 prpCasserorEnty il R GoBing BN i E pafizcparaieibrs,
generated froma fluorine- rich gas m xture of, a
Fincladingsbiiomtdinitaskfodpeit Rawers SystemarassHire, and processing time.
tetrafluoride, nitrogen trifluoride, or sulfur

hexaf | uor i d€he presen invention-avertames te arioussirfisiencies of

i ke oxygen (02). The plasma 26 fornmed fromthis gas

NbathvertioRabremoval GecHniiassess tHire breast of holdingimaterial are removed
inorganic filler relative to the etch rate for the

g@gg@{ncﬁeggftggﬁe)}%teﬁﬂ%ae’t&ﬂn@/!tééhrﬁcﬁ&s’, iniGdhaPica eschniques, or

e change™in the gas mxture is

agconpl i shed w ' pref i

m@q;%“% ofi%%ﬁeﬁ“gﬁ%ﬁ#fﬁéﬁﬁ*ﬂ%ﬁﬁ@%ﬁ?ﬂ@ﬁ%érp?ﬂi‘%f’%‘é%%*’""ﬁ‘b'e

chanber . This d I %t [

st SRR R P el i o o
ifferent relati ti .9 G

celacbinal SOMGRLLS! & %GHEADP. (IESEGIAVESTEar hfiRg Himolding

species in the gas mxture is smaller than the

c prowessrexicapsulating diaicarriet! byt the lead ramesiniste: rgsppelie packages

gas species. Typically, the gas m xture for the second

staasttlied bt mefding Aiteddl. vol % of the
oxygen-contai ni ng gas species and the 5 bal ance of the

mi xt ure comph i,8gSnkitd hef8fdr2e t6 W Fidlird Sthaasibsked 26 is

n;%;é"ts
gbrgver, other gas species like an inert gas may be
Posi Shahh ¥heagpoec%s§ﬁlgt§?)%cga|§f ifL4e4hE treatment chamber 12 at a

location suitable for plasma processing. The processing space 14 is then
evacuated by vacuum pump 16. During both process stages, a flow of process
gas is introduced from process gas source 18 to raise the partial vacuum in the
treatment chamber 12 to a suitable operating pressure, typically in the range of
about 150 mTorr to about 2500 mTorr and preferably in the range of about 800
mTorr to 2500 mTorr for providing an enhanced etch rate, while actively
evacuating the processing space 14 with vacuum pump 16. The power supply
22 is energized for supplying electrical power to the electrode pedestal 24,
which generates plasma 26 in the processing space 14 proximate to the
substrate 20 and DC self-biases the electrode pedestal 24.

The substrate 20 is exposed to the plasma in a two-stage

treatment process for individual stage exposure times sufficient for removing the
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so |l ong as the oxygen-containing gas species has a
snmal | er concentration than the fluorine-containing
species. Gas m xtures nost suitable for use in the

second prQqcess stage comprise.a val 9

cRXGRaP AhMaTRaII G0 (ELToD & SRR rhgresi o s, Ati¥tare 20.
as mxture found to [ [ '

S nediodlys fe Siksteats 2045 BEPOwIG A fitst Blasra generated oM the

oxygen-contai ni ng gas species and 80 vol % of the .

f bxymenAichcgas miixtureyofjar oxyeen-eantainieg gasispeciesandea flugrine-

the plasma 26 generated fromthe fluorine- rich gas

ntoritdinhgfas bpeties fara duratiessuflicient to substantialy remove the

residual 1norganic filler 15 nore efficiently than

t B@aﬁi@ﬁﬁﬁiﬂ@f BefRIsht Duringtid fivet stagecthe étch rgtesfor the organic
m Xture of the first process stage. As a result, the

?ﬁ‘l%rtl"aﬁ# ‘,s e@?g@ﬁﬁaﬁ B efcRGHtd £F th@inor§amY fillér. aphert ,gﬁ&‘substrate

¥
areas on the substrate”™20 is reduced as

c ared with a one ; j ;

oA piean B hRS AR oo plbrferRBE mixure
component of the nmolding nmaterial . This overall 2 .

r efiaR OXyeen-RORtaHIRg gas| clesiand pflpeanggoptainipg gas spegies for a
process of the invention significantly increase
syatationtsufiicightfotsubstantialiy serpeve the kerdania fitleref the flash.
susceptible to plasma damage may be covered during

t DRiripakiseseicoadtstage, the etsreratefordhe snerganicdiller is/greater than the
reduce plasma exposure. The exposure tine for each of

tgg;rﬁ,tanﬁt%ldrnggmrmpon, 25 anong ot her vari abl es,
the plasnma power, the properties of the treatnment _10

charber 12, ﬁ%%dd%ﬁa 26 PEVEhé %gb6§ed3fo fhisirt asd sesotidplasmas

as thickness. e etc rat'e and process uniformty

Wi2|6I wiﬁweou% ?grtnior\} %%euﬁ%gtrg{eafﬁoﬂ?{h%@éae(ﬁ%nt chamber 12 (i.e.,

without extinguishing the plasma as the process gas mixture is changed).
Preferably, the substrate 20 remains in the same treatment position during both
stages of the treatment process. The two process stages may be iterated or
repeated as needed to accomplish flash removal, which may be contingent
upon the flash thickness. The plasma 26 is extinguished after the completion of
the second stage of the treatment process. However, there may be additional
plasma processing steps unrelated to flash removal either before or after the
power is turned off.

Further details and embodiments of the invention will be described
in the following example.

Example

A lead frame carrying a number of molded packages and with
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including but not limted to input power, system
pressure, and processing tine. The present invention
overcomes the various deficiencies of 5 conventi onal

r Vv [ i f ' i -
affashriéﬁa*i, 4918 B oot Te IS O0R R wB ek with o

t echni ques, mechanical tec r the use of a

R 208 T8 GEIP 5B ASEORIAnCR anify e RrpaRnt lBvertior The
particularly applicable for renmoving unwanted thin

| mplsting otateraldised tadakiicate the packagescwaspisiigarfiiied epoxy. The
el ectrical contacts of a |lead frame. These thin | ayers
rfestiptockss stddecusanl digag nidtyre pmeasureddageuhsof figwdate into the
carried by the lead frane inside respective packages

CiiBSinat sHapdbety of OF , 180 dcm?]ana @, (820 scem)te famnel awiladma at a
reference to the Figure, e substrate 20 is

p&?érﬁbé’r"{tﬁ‘ésﬁuret o4y RABPS| THe RAGParhé Wéhséﬂ:ﬁ)s*eﬂeco the plasma

treat anber 12 at a location suitable

The
R AR KRB 18R pun%és%C?ﬁ%a%ﬁ@EG?ﬁWﬁgiaW Bobatts at
t f

o6 Sostatfadraiinoy o1 355 MiFE Ubéin MEReRTER Sf e B rame. the
the treatnment chanber 12 to a suitable operatin

pfirst stage, was pbeeived to effeptivalyreyaove thesepexy indbe trigrareas.

to about 2500 mTorr and preferably in the range of

about 800 Affer thet @p@§0ORas@movéd thesiicadillagremained behind on
enhanced etch rate, while actively 20 evacuating the

PIHROIBEA fiziné B3 GFrebiud. tWithake! wadoframe il iddide tieavreatment
supply 22 is energized for supplying electrical power

Zghérﬂﬁ?ﬁéﬁ & WifRdGt Qﬁlﬂf@.ﬁﬁ*m&ﬁ %h@brﬁﬁ%ﬁk%{(y@?oﬁhﬁﬁﬁﬁe gas

processin pace rOXI mate to

SRiENE WEP@ng‘S’%Qf”@bba@g@ e gg fE s pERhiEn

t wo- st age
process. The second stage then used a gas mixture of CF4 (240 sccm) and O

(60 sccm), which again resulted in a chamber pressure of 400 mTorr. The lead
frame was exposed to this plasma for approximately five (5) minutes. The
plasma power was about 500 watts at an operating frequency of 13.56 MHz.
Following this stage of the treatment, the silica filler was removed and the lead
frame was observed to be substantially free of flash.

While the present invention has been illustrated by a description of
various embodiments and while these embodiments have been described in
considerable detail, it is not the intention of the applicants to restrict or in any
way limit the scope of the appended claims to such detail. Additional
advantages and modifications will readily appear to those skilled in the art. The

invention in its broader aspects is therefore not limited to the specific details,
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25 treatnent process for individual stage exposure
times sufficient for renoving the - 11 excess nolding
material in the formof flash fromareas on the

:régg%stggﬁftglzegaqqa?@fﬂ%:oér{ocmekﬁ/odst BRd Silgﬁt?rta'ﬁ% t%ﬁ(é%dlés shown and

asma generated from

oxygen-rich gas m xture of an o C [, i ;
SR BedahscRrdingly; prearden iy b S AR SR U AR without
duration sufficient to substan}ially rennye thF 5 t Th
odeparting frem the epirt eresqape<H anplicants” 9enerar inveptivg gopcept. The
the etch rate for the organic matrix is greater than

t $eopet oftthednerttion itsedf smurcgarniy@efdeﬂr@d.bm%@rﬁpnqmed claims,
substrate 20 is exposed to a second plasma generat ed

f whBtdimve ¢ldiph:i ne-rich gas m xture of an
oxygen-cont ai ni ng gas species and a

fluorine-containing gas species for a duration
sufficient to substantially renove the inorganic

filler of the flash. 10 During this second stage, the
etch rate for the inorganic filler is greater than the
etch rate for the organic matri x. The substrate 20 nay

be exposed to the first and second plasmas 26 w thout
renovi ng the substrate 20 fromthe treatnent chanber

12 (i.e., wthout extinguishing the plasma as the
process gas mxture is changed). 15 Preferably, the
substrate 20 remains in the same treatnent position
during both stages of the treatnent process. The two
process stages nay be iterated or repeated as needed

to acconplish flash renoval, which may be contingent

upon the flash thickness. The plasma 26 is

extingui shed after the conpletion of the second stage

of the treatnent process. However, there may be

addi tional 20 plasna processing steps unrelated to

flash renoval either before or after the
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power is turned off. Further details and enbodi nents
of the invention will be described in the follow ng
exanpl e. Exanple 25 A lead franme carrying a nunber of
nol ded packages and with -12 flash observable on the
eleids:i cal | eads of the lead frane was treated with a

wo- st age, pl asma process in accordance with the . .
F osoRMEHRSHDT BaMOYAG AR 9} ariWoeraTaPORRRIqDling material
fabricate the packa%es was a silica-filled epoxy. The
fromsan greges @ sihsyate, ROMRIIsiRAE ni xture, neasured in
terns of flowrate into the 5 plasma chanber, of CF4

(80 segpdsing thd sulhtpiiedo afjrst plabmareffeqtivedomemove a first
chanmber pressure of 400 mlorr. The | ead franme was

eximpdnaent of theamoldatymatdrixl frapp tHexarsal ity afHigleer(étth rate than a
m nutes. The plasma power was about 500 watts at an

opest gdgﬁPBﬁsﬁltLﬁrtﬁé RbIdihg Pétdviat arldoon i nspection of

rame, the first stage was observed to

effec E%égéix HE0BYEstHAIS 16 %‘)%é/coitnﬁ erfl%?rph t@f@{:ﬂ{/? ol rem8ve the

After € epoxy was renoved, Ica

remai ped behi nd the lead fr as a residue. Wth

s comppang attfeimdRinazaterel fouthetares hAiigherkich rate
W t hout exti ngui shi n% the plasma or breaki ng vacuum

thes tgedirsheamnperenif the madingdnaierigb conformwith a

second stage of the treatnent process. The second

stage then used a gas m xture of CF4 (240 sccn) and 02

15 (60 sccm, which again resulted in a chanber

Rr essThe méthéafrdldinr 1 whHeeeinanghosingatire substratptesthe first plasma

this plasma for approximately five (5) mnutes. The
comprises:
forming the first plasma from a first gas mixture effective to provide the

higher etch rate for the first component of the molding material.

3. The method of claim 2 wherein exposing the substrate to the second
plasma comprises:

forming the second plasma from a second gas mixture that differs from
the first gas mixture and that is effective to provide the higher etch rate for the

second component of the molding material.
4. The method of claim 3 wherein the first gas mixture and the second gas

mixture each include a fluorine-containing gas species and an oxygen-

containing gas species.

-15-



pl asma power was about 500 watts at an operating
frequency of 13.56 MHz. Following this stage of the
treatment, the silica filler was renoved and the |ead

frame s ohserved to be substanti all . f

5" 1BS pRRnGR ST AR 4 TRt s gad mifiFe Blordd &R then 50
a descrijption of  various enmbodi nents and while these
eR®EENHRY Velums ef ‘5@3&-‘%@@6‘?‘? RINGPALIRTGRr abl e

detail, it is not the intention of the applicants to
restrict or in any way limt the scope of the

appended clains to such detail. Additional advantages

apd noThéinsethbd s clsiml 5 wharhih yheappeand gas nixsiee #icludesdnore
in the art. The 25 invention in its broader aspects

| fhdnhst BERIEAt BYvolurié bethd fludrite-cdmaininggaespeties. - 13
representative apparatus and nethods, and illustrative
exanpl es shown and described. Accordingly, departures
may be made from such details without departing from

the spifit C Of L ' N '

cancept e Fghod 8 i+ {35 Sead Bagmidif S Tichies more
only be defined by the nded clains, 5 wherein we
othan 50 peeaers by velume of B iarge-FemaITR San 3tRcESor o

t wo- conponent nol ding material froman area on a
substrate, conprising: exposing the substrate to a

first plasma effective to renove a first conponent of

t Be noTHienpethadesfickint 4 wheréia the daorinedcoatdinipp gasespecies is
rate than a 5 second conponent of the nol ding

g}@é@cw fr?ﬁme@faeﬁ icBAsistRy t&ﬁgéﬂbbatt@trammicﬁeemmgen trifluoride,

asma effective to renove
and sulfur hexafluoride.

9. The method of claim 4 wherein the oxygen-containing gas species is

molecular oxygen.

10. The method of claim 1 wherein the first component includes an organic
matrix and the second component includes an inorganic filler dispersed in the

organic matrix.

11.  The method of claim 10 wherein the organic matrix is an epoxy and the

inorganic filler comprises silica particles dispersed in the epoxy.
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second conponent of the nolding material fromthe area
with a higher etch rate than the first conponent of
the nol di ng material. 2. The rrethod of claim1l wherein

OSI ate 1o th St plasma conpri ses:
gﬁ‘f‘ PH?? [ﬂ"gs pf'g gas m'xture

effectlve to provide the her etch r
first E'@ﬁb’@rﬁ@ﬁt&@ﬁtrﬂ%atrﬁ)f'@ Featmentpgs! '°£‘ '”?W@ %&?ﬂwnt
of claim2 wherein exposing the substrate to the
selhambier whise expasing ithe substrateo the firs and secandiniasraas in the
froma second gas mxture that differs from the first
gfreatmentwhansber. t hat is effective to provide the
hi gher etch rate for the 5 second conponent of the
nol ding material. 4. The nethod of claim3 wherein the
first gas m xture and the second gas m xture each

| gl udena rﬁ%ﬁﬁBEiJf%laﬁm?MEF@n Q?%fl%?%ﬁbes“ecéﬂg p@é‘smas are

oxygen- contal ni ng gas specl es The nmethod of claim

oaraeed s et Shater e cont i ni ng gas

species. 6. The nmethod of claim5 wherein the second
gas m xture includes nore than 50 percent by vol une of
the fluorine-containing gas species. 7. The method of

cldi m Zhatmaethiod ercéalg'eg%meg%ls am GRarating REGSIYER Iedreatment
than 50 percent by volunme of the fluorine-containing
gahamsbec while the stibstratetis edpo$ed:taath|e1 fitstvared eeeonchplasmas is in the
fluorine-containing gas species is selected fromthe

6Pé1(§jd|ﬁt80wn%rr0t@rébb’ult2900 ahtoreri de, nitrogen
uori ae,

15.  The method of claim 1 wherein exposing the substrate to the second
plasma further comprises:

exposing the substrate to the second plasma without extinguishing the

first plasma.
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10

and sul fur hexafluoride. 9. The nethod of claim4
wherei n the oxygen-contai ning gas species is nol ecul ar
oxygen. 10. The nethod of claim1 wherein the first
conmponent includes an organic matrix and the second
cgnponent i ncludes an inorganic filler dispersed in

the organjc trix. ,11. The nmethod of claim.1 . .
whr of A TORBOGTER RrEOVIEY AmORLS Bhe dNapraRN T dnolding material
inorganic filler cong;ises silica particles dispersed

i frorhan apesgn aisubsimte, GENMIBING: claim 1 furt her
conprising: placing the substrate at a fixed treatnent
posi t i genenatinge first plaameeformed ieom arfirshgasmbdyessinglyding a
the substrate to the first and second plasmas in the

t [RRdrBMceRttatitre by voRimd bea flabhne-contathiagrgakspeciesethan an
the first and second plasmas are generated inside the

;%ﬁ éﬁe{’?@gﬁﬁgés sg:;éci_eg,he met hod of claim 12 wherein

era ssure in the treatnent chanmber while

EZJEOO”H FpEsihG the sSEREREdo o A plelh 1 AnaRE 8yt component of
.15, T L gi j '

¢ e g el e Becovmal prudiel st (e ThE fRednd?

exposing the substrate to the second plasma without

exompgueshohietmelding matenalasma. 16. A net hod for

removi ng anmounts of a two-conponent nol ding materi al _
generating a second plasma formed from a second gas mixture including

a higher concentration by volume of the fluorine-containing gas species than
the oxygen-containing gas species; and

exposing the substrate to the second plasma to remove the second
component of the molding material from the area at a higher etch rate than the

first component of the molding material.

17. The method of claim 16 wherein the fluorine-containing gas species is
selected from the group consisting of carbon tetrafluoride and sulfur

hexafluoride.

18.  The method of claim 16 wherein the oxygen-containing gas species is

molecular oxygen.
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froman area on a substrate, conprising: generating a
first plasma fornmed froma first gas m xture including
a | ower concentration by volune of a

ori ?ﬁ%ﬁé‘;‘{f,ﬁb % Q% al% #REMiF the mpcgr“ptoﬁent ingludes an organic

OX ‘gen Specl es; expos € substrate

totheflrst as tore onent,. of .

L et e akedtid Sempetantvgudes an JoGRRRGNER vidhepsed in the
rate than a second conponent of the nolding material;
gerganit Maya second pl asma formed from a second gas

m xture including 10 a higher concentrati on by vol une

of the fluorine-containing gas species than the
oxygen-cont ai ni ng gas speci es; and exposing the

spbst r Ihe methbl of stahentd wharesin the orgamic mattiveissat epdxy and the
conponent of the nolding naterial fromthe area at a

hlrﬁ:’??ém@*ﬁﬂ@r éé\h?n&é@@ihéé‘ Bartfcléssdlsﬁé’rlﬁbﬂ 6 e epokye

ng materi a 17. The method of claim 16 wherein
the fluorine-containing gas species is selected from
the group consisting of carbon tetrafluoride and

o e i i b0 haiha sk Na e goeon

xygen. 19. The nethod of claim 16 wherein the first
c@ furthen eompsisesh organic matrix and the second
conmponent includes an inorganic filler dispersed in
the oeyposingtibe sukstrate. tom@sa@@ndaala(sma:waﬁwtl@(tmgulshmg the
wherein the organic matrix is an epoxy and the

first plasma.

22. The method of claim 16 wherein the first and second plasmas are

generated inside the treatment chamber.

23. The method of claim 16 further comprising:
placing the substrate at a treatment position inside a treatment chamber
and exposing the substrate to the first and second plasmas without removing

the substrate from the treatment chamber.
24. The method of claim 23 wherein an operating pressure in the treatment

chamber while the substrate is exposed to the first and second plasmas is in the

range of about 800 mTorr to about 2500 mTorr.
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inorganic filler conprises silica particles dispersed
in the epoxy. 21. The nethod of claim 16 wherein
exposi ng the substrate to the second plasnma further

CORET L TS AT R BHER a{eeﬁﬂsiJgaQﬁqig@?&i;gd@aeaages than

extlngU|s Img t

hod of ,claim 16 n the first and seco
nEQQﬁﬁ“se“éPé! vobinae of g‘ge 'W%’ '%C?W@'W?%S?ﬁéﬂ?c'éﬁé\‘?ﬂemore than 50
23 The method of claim 16 further conprising: placing
t Rercenbby valume:of thet e/geRantyBinc gamspeniesie a
treat nent chanber and exposing the substrate to the
first and second plasnas w thout renoving the
substrate fromthe treatnent chanber. 24. The net hod
0P6.cl aThe 23ethbé Iof ickaimm ewheadin tige pecrLgas mixtuleincludes more
treatnment chanber while the substrate is exposed to

t fh%nf56 pércend bg%mﬁe Bf e forine- d:dhtéihﬁwg Qé‘é‘ gﬁeélés @ha Yéss than
800 niforr to about 2500 niforr. 2 The met hod of cl aim

5.

r s than
500 PRt v T BRygRr b bEE RpebiRsS ' 120
species and nore than 50 percent by volune of the
oxygen-cont ai ni ng gas species. 26. The nethod of claim
16 wherein the second gas m xture includes nore than
50 percent by volune of the fluorine-containing gas
species and | ess than 50 percent by volune of the
oxygen-cont ai ni ng gas speci es.
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