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*166166* PLASMA PROCESS FOR REMOVI NG EXCE I NG
MATERI AL FROM A SUBSTRATE Field of the Invention The
invention relates generally to plasna processg[mm mm,
nore- particularly to a plasnma treatnent proc ’””
removing thin layers of excess nolding material *EQR

a substrate. 5 Background of the Invention The surface
properties of substrates used in applications relating

tointegrated circuits, electronic packages, and
printed circuit boards are comonly nodified by

B $AELES o SBHT rch Tl W

TB@JEact ivation and/or surface
cleanliness for eliminating del ami nation and bond
failures, inproving wire bond strength, ensuring void
Fiedd aftbedfivénfion of chips on circuit boards,
renovi ng oxi des, enhancing die attach, and inproving

adhesi on fwhedmﬁenti@ﬁqelméé gbh@rauyTw@ﬁhb)pro@és%wg and more
nore substrates are placed in a plasma 15 t r eat nent

Eé{ﬁlggl?a@qg aa;hlagﬁﬁsﬁeéiﬂ‘?e AR 10F r &f\ﬁol g%hﬁ{ {agia?s bfexcess

e outerno

rom urface by physical
Qf%{ Fgﬂﬁ%g%?ﬂ%’h g‘f%l}?a&ési sted sputtering, chem cal
reactions pronoted by reactive plasm species, and

conbi nati ons of these nechanisns. The physical or

chem cal action nmay al so be used to condition the
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 elimihating delamination and bond failures,
improving wire bond strength, ensuring void free underfilling of chips on circuit
boards, removing oxides, enhancing die attach, and imbr'oving 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 éputtering, chemical reactions
promoted by reactive plaéma species, and combinations of these mechanisms.

The physical or chemical action may also be used to condition the surface to
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i nprove properties such as adhesion or to clean
undesired contami nants from the substrate surface.
During sem conductor manufacture, sem conductor die,
ispeovecpnopertieg seichcsradiaision erdtoiexh ydesined doatatsinantshfrom
| eads on a netal carrier, such -5 as a |ead frane.
theadbétratewsirigeser al |y i ncl ude a nunber of pads each
having exposed | eads used to electrically couple a

si ngl e semumREmhiesndlictorinbRufictutk! §8thicoR@@ctEr diefte
sem conductor die is attached to each pad and exter nal

near%ﬁl %@éctﬁéﬁl@%ﬁj eQifbyf\Wﬁ-g o‘ﬁg vﬁth‘%é&s BR dt'?lgta‘f\"c%nmr such

y portion sem conduct or
a%néjlgggzﬁé(ﬁaég |L§? ?E’San?%s %&%Q?@?d pofg‘sarrél?mgg%idrgae& g""ncehdha\"ng
m con uct 0

SPoBERIEs 418 o 23 &R&B[ﬁw‘f‘éF‘é’ S%mvspplau OF diel i
f,
i Og%gafog”é%pﬁ”g%ﬁgg&cg@ 8 e ached A eash ad e rtemal

d| e durin peration. A co nol di ng material used
qlectrical rqoeg'a‘Cés elibe qj@@kwerg bogidsﬁ vdiforsarpy ortians| af dae leads.
with 15 silica or silicon particles. During the

ol di ng pEsskssemichrduaterdlie madetsasite bhedsrate emtapsulated
‘attached sem conductor die are positioned between two
ingitiel alpdckage cOnsisting bfla nadified polyurte Hody esignedda proteesthe
each receiving one of the sem conductor die and

stehitondittdrtie RS behdPRom the ke el wiehning encountered
pressed together in 20 an attenpt to seal the entrance

dibimgHanding Nofye édoeﬁlanﬂ_fé%tdfmgdér%eé@s%é Wl as WHER Cﬁaate

Is injected into the nold, the open space 1 nsi
th8fesPYthdiafed £Em 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 betwéen two mold halves. One
mold half includes numerous cavities 'each receiving one of the semiconductor
die and defining the pa_ckage shape. The mold halves éré pressed together in
an' attempt to seal the entrance mouths to the cavities. The molding matefial,
which is injected into the mold, fills the open space inside the cavities for
encapsulating the semiconductor die and wire bonds. However, moiding
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 typicélly

less than about 10 microns. Flash is detrimental as it may affect the ability to
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encapsul ating the sem conductor die and wire bonds.
However, nolding nmaterial can seep out of the
cavities between the nold halves and formthin |ayers
or flash on the exposed | eads. This thin fl ash has a
@Pgéﬁ@?&ud%wb [O\éll 8§nr#eec?r3ntsm ec;ﬁ tc? ée abtl e{?’ﬁlc?r&ductor
;i¢ ke high quality eI ectrl cal connectl ons with the
encapsul at ed sem conductor die. Flash may be ]
revent ed i ng the nol dj [ 0OCESS b covering, the
gac ksi de 'hg%yet?fd pfervgﬁ;%eqe\gl?rppq g‘ﬁé’“o dingeRrepess by covering
gﬁaswe be 5 transferred fromthe tape to the
Cf‘?'é?ré’ lesidcfeamnn avitiaren Hewever cadhesive mayde ¢ he
ta e is renoved. In addition, tapes suitable for this
%mferée@ from thectape 40 the leadframe baskside andiremairdals atresidue
the cost of manufacture. Flash may be renoved after
aftardhe dansyisrmeottvedc dh addiioohtapes suitaeleHor thiseapplmatioh talne
a laser. These renoval approaches also suffer from
retivelyem@epsivehahiaheadds tottheleist ofusanufhBturer Feashmbe be
the lead frame is susceptible to damage from

- reBedvedi aftdr nhdldBlg by eeBNahichesitNERBIfRal RURRiqass, cnls}amﬁ: allaser.

mechani cal polishing. Chem cal processes nmay be

TS RFAAVE apPldhed ald SR FioPS Héﬁc@r‘i@%% frdt ?fﬁﬁﬁ@t their use.

used, which potentially raises iIssues

eﬁfe Slan A dtheashE fr%hﬁeoegﬁfﬂsce&.alé?o 8B Bbe ffoH h h?éah\gﬂ.ca. flash

Laser renov I'S expensiveTan

RN R B sydtad f?@'?r%ﬁceag)brae&naeh' AnicRlaginging a&ef 25
HOERF i Y b PeKthi e §i®¥r%'sg@%%§Dn¥5@§§r§3§ed which

| nvention _
potentially raises issues 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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20 .-The present invention addresses these and ot her
probl ens associated with conventional flash renoval
processes. To that end, a nmethod for renoving anmounts
of two-conponent nol di ng materi al froman area on a

éﬁfb%ﬁ&%? FEB%tbStS% %ﬂﬁ ?%ﬁé{:‘t‘ﬂ% o9k e eotrYté tﬁ? s%egérﬁd

ective to rermv
r : e h r

%‘ﬁﬂéﬁt %&%ﬁ%@%&ﬁ{% ﬁeﬁ%‘eﬁaﬁ@ 3§ ey Bl trn

Ih thod further includes exposi ng the substrate
PS%};S §8Etﬂ%‘eﬁ{3ﬁﬁ§ ghgtmggertlag renove the second
conmponent of t nol di erial fromthe area with a
hi gher et &M apa{;@r@mdn g 94 tF@ﬂn\@&tﬁan@metB@d fargemoving
nol ding material. In another enbodi-nent of the
FAQWHE 06 A tWa-GaspRIENt S1oldingumatagal feormms anes a5 a gubstrate
t wo- conponent nolding material froman area on a
inclodes gererating lafirsisplgeme fatmed) frant 4 fisst gak aginturé gnaketing a
froma first gas mxture including a |ower -

lowaceoraeatration by vobimeef affluarihécontaiting gat aipetieg thas an
speci es than an oxygen-contai ning gas speci es and

axypesicogtdining gabspesice dnd éxpRisinyg the ubsFaR tbQhe fitsTP¥esma to
a first conponent of the nolding material fromthe

refrRAe W firt @orﬁPSﬁ‘@rﬁt o?@h@hiﬁhth@hﬁ’atbhéﬁr&n%ﬁé QF% with a higher

conmponent of the nolding natérial. The net

éteﬁ tdtetharl Q%t;egﬁ& cHFpBhahi S%na ns u@&ﬁg%&t@spt& M fod

roma secon as mxture incl
I f ont ai ni
f@R@%’"‘Eé"d?%%ﬁ%%ﬂ‘éﬁya;%%oﬁgré"a“%"% LR A
g ex hn t he . .subs rat LE" econd plasma to
pliBi0d 4 REhdceutenBHER Ry o sTe P e i e ARG a)
fromthe area at a higher etch rate than the first
Eﬂ'ﬂ the oxyges- qﬁﬂtalpfq@ as gpgcigs 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 bgcome 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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These and ot her objects and advant ages of the present

invention shall becone nore apparent fromthe

acconmpanyi ng drawi ngs and description thereof. 20

Brief Description of the Figures The acconpanyi ng

ifeWong, which is incorporated in and constitutes a

part of this specification, illustrates an enbodi nent

of the in LEiQhre i ; '

descr pt | onarOTiedS uIaRIIE vl O FpBRRE! featmony system
r : - [

B REBsl Bh S SRR B AR BRI B Pl breson

ig%ggkﬂnnatic view of a plasma treatnent system for

plasma’ treating substrates in accordance with the

principles of the present invention. 5 Detail ed

Description of the Preferred Enbodi nents Wth

gef ce Eptthe i%yre, a plasma treatnent system 10

that enclose a processing _space 14. During plasm

pr ocessi ngVith Feferansgttadhe Figweba plasms ealmerdsystem d0

10 tight fromthe surroundi ng anbi ent environnment. The
inclgdesrariteatmantbeharRer 1 constivsted byacalssthaberclose a(protessing
shown) configured for a transferring substrate 20 to

spadef1donDuitiey plasmesiiongssing dhe trtatrentachambeutmisifealed fluid-
used to evacuate the processing space 14 of treatnent
tRJhFFBRT thbZsurRUNEfMEPainBRN® BAVIESNBRE The treatment chamber 12
includes an access opening (not shown) configured for a transferring substrate
20 to and from the brocessing space 14. A vacuum pump 16 used to evacuate
the processing space 14 of treatment chamber 12 may comprise oﬁe 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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- vacuum punps with controllabl e punping speeds as

recogni zed by persons of 15 ordinary skill in the art

of vacuum technol ogy. Process gas is adnmitted to the
processing space 14 froma process gas source 18
through am polet sty 284 ErRREHcalP cblisiel vAfY, BRRttransfers
chanber 12 at a predetermned flow rate. The flow of .
SRARERPowA S0/ AP BleL 610 HBABSE SRR b fodithehf Ehamber
processi ng space Is typrcally netered by a nmass

1 PR e A o A S0 1 B

PRREHRHE R A 2 P B 5555
I .

fromthe process gas source 18 so that fresh gases
%R@éeégrﬁﬂcﬁﬁlégwtr@%éhﬁﬁ@' eat girent{DG éeﬁr%@,\%séﬁh@#@’pﬁ@e

14 when the plasma is 25 present. -5 A power supply
ingentionds aet 8¢ dalited, bewsivear sMpply, 22mavt beaasadiogrequency (RF)
el ectrical power to, an el ectrode pedestal 24 inside
poiwerseipplyeeperating ahafeguendy betwsenhalsu gorkHz andbaboat £3.56
20 in the exenplary treatnent system 10. Power '
NMHansiefsrably Abcun1BI66 MeixedltrughlothéXréduedicierCihby ®ef Wed, and
formng a plasma 26 5 proximate to the substrate 20

4 pOWEH R0ch FéICa@Ma Shé&tRBEh AduNHbOO Walts ARSI 809Dt at
16 and also controls the direct current (DC)

fﬁﬁklﬁlz Bi 360 vﬂt&ﬁe@obg@t%éeﬁgﬁ% NG | F‘lo%%eﬁ&h%%? &tltinary

e power supply _ fradio-frequenc A 20
i
SRS Bios AT b & RBOTEL U <300 iauptesh b BBarious

8000 watts %t L e
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 neceésary
for operation of system 10, such as a gate valve disposed between the
processing space 14 and the \'/acuum.pump 16.

Substrate 20 is positioned in the processing space 14 of freatment

chamber 12 at a location suitable for plasma treatment. The invention
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40 kHz or 300 watts to 2500 watts at 13.56 MHz.
However, those of ordinary skill in the art wll
appreciate that different treatnent chanber designs
may permt different bias powers. A controller (not

cOReMplates BAURURHIE SubdtmtdSDDAHSY bE PIREBABYE hiie frB8tment
pl asma treatnent system 10 to facilitate control of

it o ankbrBaRATHRLINARER Wi HTERLrY % B ARJTRY

assunme diftrerent configurations understood

oeRieid Bhed 1 bl g B el ok on ELE cribed |
remte of MECENERNEHARRErT Sl AL PRl Y S el

rocessi.ng 20 space 14 for use in plasm treating _
fgm%{e?i?'aqwrs | ng W@iﬁﬁ%‘rﬂ-esﬂégam@@osquon araasHf the
under st ood_t o i ncl ude conponents not shown in the
subgtiate ¢ cdbe dpgh-cpyeregisras My e cepied Ry agnoldingpresess
a gate val ve di sposed between the processing space 14
duridgtehpreviguisunapuiastuliog stagst Fat exaroplesthessiareamet! in
the processing space 14 of treatnent 25 chanber 12 at
extriageat$ owldingtradtedalf may pésidewntel ecttios ontabtefor a
invention -6 contenplates that nultiple substrates 20

- semyichreduntsi die @nedpsulaiintinkideia ilded pOIRHRE padRagdIdA common

treated sinmultaneously with the plasma 26 provided in

rR6IAFRFHftdiab RAS @o%@o?ﬂe é‘oﬁéié‘tﬂkgoit Aip8EdHERt mBtBC ﬁgé poilffer or

pl asma treat ment substrate 20 efficiently an

Forgrahd i lnordghTHYE ik Sia ¥ Fs, HiaBia BptrEth i For
%@@%@g%&gg rgﬁhgroqgé:@gi‘){?ﬁgucreat ed by a nol di ng

uring a pre facturing stage. For

~ exanpl e, ees&aar e

sma%rsea(t)rfnent of substrate 20 is a two stage process

based upon the premise that the etch selectivity 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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extraneous nolding material may reside on electrical
contacts for a sem conductor die encapsul ating inside
a nol ded pol ymer package. A common 10 nol di ng
material is a conposite consisting of an organic

: %}éh o, 'ﬂﬂﬂ\d&@hmwlﬁe@@%@bo@ﬁ@b?@hémr|9%”tbéheved that
ler, lTike silica particles, dispersed”in the matrix

T R T T
rBf 99&§%ﬁe?ﬁ\?ee%r¥8%vﬁ1§q{18ro?Q%rﬁﬁ nliz;{ﬁg( |r¥ HFe grtf%h r%l]tsrqb)?trate 20

tch e organic
APty AP B GO o Sl

The use of .two djstin ocess ccel er tes
SAESis o ShBUAF ofgp ag?mffgfhesvelaa@a. eaistaltyepeffective for
efficiently renpve the organic rratrl X sel ectively
r?H@Vlﬂgotf‘@dWrQaf‘lcl fillef ofthe MAKIinewGiRrialt @g’efor@debﬁtpéﬁfma 26
to efficiently renove the inorganic filler selectively
fram an@ngg&rﬁic% gastmixure e etoh saterfontite érganjormatriiiagreater
these two process stages is to vary the conposition of
thar trgastchirateufioe tHe imorgdniic fillérh én pltleesnmorids, ther argdniclmatrix is
the first stage of the process, the substrate 20 in
refmoves Selkgtive pate ikdrgahicigrsed to a plasma 26 formed
from an oxygen-rich gas m xture including a

fluori ne- pandediibed Mesﬂh@‘-‘doﬁéeﬁﬁa%n b %M‘Pr'ila of the oxygen-
tetrafluoride, nitrogen 25 trifluoride, or sul

PR R AR Bt i
B M ertr=rb o SN O M or T AR S o s s =
rreﬁl'ﬂf‘ﬁbgg?éag'x{sﬁciéréﬁ?ﬁlﬁ%t@rréé‘epsv'%8@ BB B o
ar%ﬁpegasl %}gaj g(')r?cgentrailgrﬁ Io more than % percent by vo?uenlul-:- volg}o) The
fluorine-containing gas species typically comprises the balance of the gas

mixture, although other gas species liké 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 mosf suitable for use in the first proceés 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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5 species of fluorine originating fromthe plasma 26
are relatively effective for renoving the inorganic
filler of the nolding material. By formng the plasm
26 froman oxygen-rich gas mxture, the etch rate for
t he or ganjaetiv@bpédies of xR resbMAR thE DRIk 26afehd st

the inorganic filler. In other words, the organic

sg%ter éfficieAtly & %é@r‘g%fnﬁ'ér%%tr&% e atdy &‘?Qhﬁstfé'ttalﬂ covered

As descri bed above, concentration by volune o

o BN SRS ARBEE ARG o B U omove
g LI T R L e
BB R A A R BRSTAR B MR e

volune (vol %9 . The 15 fluori ne-contai ni ng gas species .
r%tyapg&'?r ForpRpeniseidhe moldinodnaieriak Ahe rgaglg 3ttetitiy groanic
al t hough other gas species Tike an inert gas may be
MeRiTIK Irep U stantiaily s gpartiallyrraenayad fignx the spaeed betwegs thaéller,
oxygen-cont ai ni ng gas speci es has a greater
regidaalrinorganiorfilleh semaine ddross aneas ob stibsinated?G formieely .co@ered
course, residual atnospheric gases and out-gassing
biyrfash ¢ Maneliavestiomendetplads that betandeithe seidndastagallso

- pressures to the partial vacuum i nside treatnent

réMalBe theldrgamSmatixX IbeitswitiP & lsighifidarily oW er etéhaate) thdre
first process stage include about 70 vol % to about 90

0, . - 1-Ni i -, .
oYQArie Alatkik @o@%‘%@ Hg&é’fﬁ Bé Ebﬁ%gd??l? reRfvelu r@g%ﬁté r]:'irsst stage of

nt xture found e particu y sultable

AR HRIEERS TRl USGR] AR B HekaPpppen
S0P 0 LB BRaBRRE R BTGP HERTA
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 (O3). 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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stage efficiently renove the organic matrix in the
areas on substrate 20 covered by the thin |ayer of
nol ding material. Although active species of fluorine
renove the inorganic filler in these flash-covered

areas, theagreealetf céventiatish byivadfné 8f thel GtydfehV®nYaining
|neff|C|ent for renoving the inorganic filler due to

gfag%p'éeieétlh‘t’ﬁé Yas W@Féﬂ smhalle? th thterHo?\c%H G55 BY i ume of

the nol ding nmateri al a result, after the organic

tﬁ@ﬁﬂb%ébéoﬁt‘épﬁﬁgf‘ﬁéé ?#)%c%’ ieff TQ@EEfIf‘lﬂl\%/ e &Hﬂ} %Q@ond

spaces et ween esid |norgan|c f
i 20 f
SEW"Q@H%%?SSH“% i %ﬁﬁ? DiF3<h-BEtaRIS bt s6848H Rfa the
cond e also 1. s fhe or anic matri x,
afslgﬁoff)ﬁb% At Gormbrises TRy asereadta didinod Spagigs. However,

ganic matri x does not have to be conpletely renoved
Oémﬁng?@ $RECIGS Ikeransinggdas may he qe}h@ataﬁ%'madﬁnesdeéae gag mixture
may be partially renoved by the second process stage.
serlor® gp dle oxygen-gRNtpintrgas spegjes hang svealler soacentration than
flash renoval, if required. 15 In a second process
the ﬁg@rimﬂ-comeirtimgeapecéas. rasoeixtures st abitablatfer uinithe
processi ng space 14 is exposed to a plasnma 26
sgeord ptaskrstageacdrnprise aboutr TEVolYate abiodt @0e/o¥s ¢f the fluorine-
fluorine-contai ning species (e.g., carbon

coftdigihg lgé@éi)%me@' tA gg€ tikturd fdi!fhﬂ'tgfbe srti@HbAY Buitable for this
hexaf | uori de) and an oxygen-contai ni ng gas ‘species,

sltégé%,eopﬂﬁ)é Bcésgzll: 20 Jﬁ@%péfa}ﬁg%xﬁ%rf eéﬁ‘fgﬁlugrgé 8?%%[’]&3 ie93nd 80

ture S an evated e rate

\)of"}arog"[‘ﬁ'é ﬁu%ﬂﬂé 85nt5ﬁ|r?#1%¥sesé&lé$e etch rate for the:

h the first process

Siigﬁm <ok %t%ﬁ38?8'852@%‘3@'%@@%@%%%% g yorine-

w t hout t th I 26 de treat nent
- f@'h&?%ﬁ?%@é C"fﬁﬁ%‘aif@& ?Fbce@§§ 2GR TEIRE ﬂh%frgﬁlﬁeﬁuaersw filler

sane t,V\_/ot? species as the first stage but mxed in
more efficienfly 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 dur.ing the plasma treatment to prevent or siénificantly reduce
plasma exposure. The exposuré time for each of the stages will depend upon,

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

-10 -
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25 different relative proportions. -9 Cenerally, the
concentration by volunme of the oxygen-containing gas
species in the gas mxture is smaller than the
concentration by volume of the fluorine-containing .
cHambepee] &5d theygharattelistids6f thaFlash xsudhead thicknieess atensich
stage includes I ess than 50 vol % of the

rYSYHIRINELBE SURKIHNIYAFI DReD tihgaRtupditplaskhil patametérst he

m xture conprises the fluorine-containing gas speci es.

APTNE but oft PR PRREORE:, bt BresRale, Ty TRy tme-
oxygen-co [ J [y

concent r st TP REN B EFoclits e Bt R defcioncies of

Gas m xtures t suitable for use in the secon
cBheeBictab e Rt E B i 3o e ool M, RIS ays ramoved
of the fluorine- 1Q contai nin as species,. A S.
wihettresod@mtetchegcsl e paiterriuss, imgananics! tqanigues, or
stage of the process is 20 vol % of the ) )

tx yse Al adareli MinegPrgaessiasinesf thednwentiopds pagicularly applicable
fluorine-contai ning gas species. The active species in
forrenuivingranwanigdribindagersfafanoiding matesial aeflash eovering the

m xture of the latter process stage renove the

. dledfichl@bntavts ghalead framer ThESertbindagdrbires@hfrom thieanolding

the plasnma 26 generated fromthe oxygen-rich gas

prbedasl ehcaibstifaging idies tamieddssthedt ad ramisinsideaespéctivelackages
overall process tine required to renove flash from

donstitatd L6} Bfb RoRASy RTatéMA, substrate 20 is reduced as
conpared Wth a one stage process using only a single

t
gas mxtung ]uts?%tndhﬁiﬁw dﬁefell%ingg% .ﬂg‘% F'E;Frréttﬁefsﬁbsﬁ?{eg%@%e

conponent 0 he nmolding nmateri: hi's overa

(YU AT o S A e s
Iggzasflto%néJingf)eu%tp %\Jgs'ma 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 opérating préssure; 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 energi.?_ed 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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Portions of the substrate 20 susceptible to plasm

damage nmay be covered during the plasma treatnent to
prevent or significantly reduce plasnma exposure. The
exposure tinme for each of the stages will depend upon,
A ecSIRIMUIRG MedteMAIih 3R f5tm 6ﬂ%sﬂlfﬁ§ﬁ%r@é§"6ﬁ ithé Q@ostrate 20.

properties of the treatnent -10 chanber and the

%bgﬁﬂ:%r g,[tléétéugétré‘{e 348 thﬁ?@d té%m?sta;fleérﬂé @éﬂ@?&‘ted 1rafn the

process uhirform e contlngent
| r I

PREEREBTER AR avak FEoHE ﬁﬂg%%% 2iss i &fuihe-

r sent |nventlo ovey cones ous, deficiencie
GPTANEG, GRS RACSIE Tof A Aaen %Uﬁﬂ?ﬂﬁ@é@&tﬁfﬁﬁahv g The

nol di n ria re_renoved,_ w thout res t
Q H%Wé‘g?tr‘é 76 a% cHHTIRR s fitst slags E’?ﬁ eicg Fﬂ f%aﬁfe 0613“‘0
the use of a | aser. The rocess reci pe of
matrixrs gfﬁatersthgarthe @mhiatgvfcursbe inorgaRic fillgr. Ti@%\th% gubstrate
unwanted thin layers of nolding material or flash
Abigenipaged ke a seicond plasata gemgratadsirom the lfluadnérighgas mixture
These thin layers result fromthe nolding 10 process
afravaps/geatdandpiding gz speeibsband A dubeaelcbntaining gas dpecies for a
respecti ve packages constituted by the nol ding

dmhbesn 8lfficieht tssusEightvlly femel e ties Rrganit fikerrdfahe flash he
substrate 20 is positioned in the processing space 14

Dﬁ‘ﬁﬁgﬂﬁu& Q@cdrfoeé?lbﬁg Nthe i@RAs fér?th@tln@f ahRGMer Agreater than the

sui table for plasma processing. The proceSS|ng space

it rSteliBthelor SM%C@?&&O' by vacuum punp 16. During both

process st age ow of process gas is introduced

n the -t AR AT o S BiaLid fE S %f*&é‘%ea%%;]*'g%mas
PSRt irontstfire i oeshalera fBRERe oM ERE chade b7 (-

about 800
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
fepeated as needed to eccompliéh 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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mlforr to 2500 niforr for providing an enhanced etch
rate, while actively 20 evacuating the, processing
space 14 with vacuum punp 16. The power supply 22 is
energi zed for supplying electrical power to the

ﬂséie ebs&spiReSHLHeR Iedifical 1MAHLHF tﬂ@ﬂ@é@h«‘éﬁwe%% PR aty \Wl} 2

the processing space 14 proxinmate to the substrate

b dtdde ﬁgéﬁzwakﬂr@é&ss ihR }o%%ké%iﬁ\ tﬂ%ﬁégé’ﬁt ﬁ?ent-gﬁe The

substTate I'S expose to t o

t I
nfelhg PR Rk ) %‘ﬁégﬁaﬁ’e&% waisﬁ‘%iles*fﬁ'eﬁapwgwe
§ er|al in the ormofé{lashfromar as onfép
'é%@g%egﬁé% USag) 8 g i, mersdTedde ?rare%ofz W gate into the
osed to a asna nerated fromth
phamber, Q&Qﬁn@@ grem b?%@z&%@@ﬁcmm farm aglagma at a
pecies and a fluorine- containing gas species for a
Caamgﬁr pressufe el @hmTos. sthesleadtirame yascenposed e the plasma
organic matrix of the flash. During this first stage,
farappseximately dve ¢p) minsites. ghhe plasma powei wagrabatie500 hatts at
the etch rate for the inorganic filler. Then, the
apuiperatitgefreQiency of Xi3cGelliHz0 ld?pmeinspdci}irbraeﬁ’MegeaI@fratr%d the
fromthe fluorine-rich gas mxture of an

fiest $Eje- wan bbseivag 10 affesinely RInGBIth epoxa/ in the thin areas.
fl uori ne-contai ning gas species for uration

suf fi ci enpft
filler of y Egthﬁgﬁ@‘x{%ﬁgﬁ?ﬁﬁﬁﬂ'ggg St a‘lE,;&ed behind on

e drfgatrﬁ %or g Fﬂden%ﬁﬁm§lea'cilfla$ﬁ%ﬁﬁll ﬂ'{sg&% fHle t‘g@g'nehg

etc e ?r ganl C matr d rgt6€
t
PEmBEP AR PiloBut Biroudsh apwr@ﬁgﬁﬁ@f‘ﬁféiﬁﬁ%erﬁ%wﬁh gas
h t
iRyt e8s o SHioRet e PbloER Bt ape E%B?&ea{rﬁ%nt

substrate 20 remains in the sama treatmant oSiti
pmﬁqsag%;lgtq@con 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 fillef 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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stages of the treatnent process. The two process
stages nmay be iterated or - repeated as needed to
acconplish flash renmoval, which may be contingent
upon the flash thickness. The plasma 26 is

r@?‘v‘e&ﬁ&%iiﬁ?ﬁ? pAfat e ahd) fhetREEN, ind Austfative kafgtenshovagad

e treatnent process. However, there may be

sgﬁt%éoo nﬁi‘éco%ﬁmg gPaRur%%qﬁﬂ Be n%d%f’ﬁoh'f%lﬁiha&@cdﬂé @ithout

Ienova before or after the power is

SeHBRD BH LS, A, ARSI by The
SRR i 25 ST AR P e .

electrlcal | eads of the lead frane was treated wth a
5 whgsesxwgelaiPasma process in accordance with the
present invention. The nolding material used to
fabricate the packages was a silica-filled epoxy. The
first process stage used a gas m xture, neasured in
terns of flowrate into the 5 plasma chanber, of CF4
(80 sccn) and 02 (320 sccm) to forma plasna at a
chanmber pressure of 400 mforr. The | ead franme was
exposed to the plasma for approximately five (5)
m nutes. The plasma power was about 500 watts at an
operating frequency of 13.56 MHz. Upon inspection of
the lead frame, the first stage was observed to
effectively renove the epoxy in the thin areas. 10
After the epoxy was renoved, the silica filler
remai ned behind on the lead frane as a residue. Wth

the lead frame still inside the treatnent chanber and
wi t hout extinguishing the plasna or breaking vacuum
t he gas

-14 -
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m xture was transitioned to conformw th a second
stage of the treatnment process. The second stage then
used a gas m xture of CF4 (240 sccm and 02 15 (60
sccn), which again resulted in a chanber pressure of YD WISE
400 mlforr. The lead frane was exposed to this pl aslnLEQ

for approximately five (5 mnutes. The plasm power
Olgingbout 500 watts at an operating frequency of 13.56

MHz. Followng this stage of the treatnent, the

silica filler was renoved and the |ead frane was

observed to be substantially free of flash. 20 Wile

t he presen nvention has bee | ustrat ed . .
Tosc SR I rEtiovTe AMBHES.Rt A Smaonan Bolting grateria
enbodlnents have been described in considerable

fromp gnjareq on; & sWbstrataeCOMPESINgon of the applicants to
restrict or in any way limt the scope of the
appedpdsingdhesubstratecto alfitshplasniaeiféctivedb rechovet afiess

and nodifications will readily appear to those skilled
compomenabf theTmeldirp maigealtiiam theé atdaswhh @atighePeeBGhfe than a
is therefore not limted to the specific details, -13

686HE SERIpBhEHEoRMRANAIHIT AR L ARils, and i1l ustrative
Sexan‘p eg{pghomoand d%lbed A%ggrdl ngly, departures

L ipBRf6 e STbSHAR O3 SohdbbRgleriatipe i tifiold B8

the or ~scope of app

con the invention itself_ should

SERPYS Bempbientaf B Rking Falenial araiaaee Wit Adiiansteetch rate
claim -14 LLOYD WSE dains: 1. A nethod for

thamthg firgt eemeanenbef thetpldinanpetasidl. nol di ng materi al

2. The method of claim 1 wherein exposing the substrate to the first plasma
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.
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froman area on a substrate, conprising: 5 exposing

the substrate to a first plasna effective to renpbve a

first conponent of the nolding material fromthe aré&DYD WISE
with a higher etch rate than a second conponent of

the nolding material; and exposing the substrate to a

second plasna effective to renove the second

aconpameivhetfod oreciam divierem BeifRst JdOomiithie ﬁ&ﬁ}é"é%%brﬂ gas

hi gher etch rate 10 than the first conmponent of t

niRAE BACARR GLdEL: fludrind h@%quég ?ﬁépﬁzi'éagsnanéd ‘Mégc%g Bn-

exposi ng the substrate to rs I'ses:

I e first plasma froma first gas mxture
Céﬁggrb:'ﬁg\gteagts&eﬁ!eosvi de the 15 higher etch rate for the
first conponent of the nolding material. 3. The nethod
of claim2 wherein exposing the substrate to the
second plasma conprises: formng the second plasma
5 r omlAeguethed efalaim 4wheseintthe fiustrgasr mixturennclides hess than 50
first gas mxture and that is effective to provide the
peragnt byatotime atf ¢hd Auotime costadming gaspediest of the
nol ding material. -15 LLOYD WSE 4. The net hod of
claim3 wherein the first gas m xture and the second
gas mxture each include a fluorine-containing gas

gSPecHRR rfﬁﬂg]o%.rbfoc?féﬁ&ﬁﬁ wWHUIE R tﬂé%@ggﬁé 8%?%&@5 r|rgclédes Hore

met hod o aimi4 ereln the

oSBT 10 B Balhd BasShobls

7. The method of claim 4 wherein the second gas mixture includes more

than 50 percent by volume of the fluorine-containing gas species.

8. The method of claim 4 wherein the fluorine-containing gas species is
selected from the group consisting of carbon tetrafluoride, nitrogen trifluoride,

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.
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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. 10 7. The met hddOYD WISE
of claim4 wherein the second gas m xture includes

nore than 50 percent by volune of the

fluorine-containing gas species. 8 The nethod of

1ol ai e weeiad of ¢18Rn filfuRRENSorAPASiAGNI Ng gas species is
15 selected fromthe group consisting of carbon

A Y R e o A omen

hexaf | uor e net erern

- t aj. ni S Les iS .ol ecul ar oxygen. .2
R LG AR AR ARTARE bR Pt e Ein BTt the
I ncl udes, an organic matrix and the second conponent
tfeﬁgmﬁaggh%mb?hor ganic filler dispersed in the organic
matrix. -16 LLOYD WSE 11. The nethod of claim1l
further conprising: placing the substrate at a fixed
treatnment position inside a treatnent chanber while
1@ podihegmetteodsobalainatl ¢ whereinetheifirstt arahse caebopldsmasdres
in the treatnment chanber. 5 12. The nethod of claim

gbhevdted engdidé e trebfhemtvhamsseind pl asmas are generat ed

i nside the treatnent chanber.

13.  The method of claim 11 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.

14.  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.

15. A method for removing amounts of a two-component molding material
from an area on a substrate, comprising:

generating a first plasma formed from a first gas mixture including a
lower concentration by volume of a fluorine-containing gas species than an

oxygen-containing gas species;

-17 -



10

15

20

13.. The nmethod of claim 11 wherein an operating

pressure in the treatnent 10 chanber while the

substrate is exposed to the first and second pl asmas

is in the range of about 800 mflorr to about 2500 LLOYD WISE
nmrorr. 14. The method of claim| wherein exposing the
substrate to the second plasma further conprises: 15

eXPosixpdsindehe Wibstratetd Melfiist 8§ARMdo PERDVB aishedinponent of
extingui shing the first plasma. 15. A nethod for

t@&%’ihfﬁ% AGRA frof] ¢ %r\@g'a‘i%”m RENLtcHRhEY @gn@éééd
rom

an~area on a sur%s rate, conprising: genératl ng
a first plkasm forned froma first gas mxture
SO G" e Melpd SaRtEtRt r ati on by wol ue of a
fluori ne-contai ning gas speci es than an ) ) )
oxy gdIeNesing Aise§oad Hlagmea farged flgm|a gggongy gs mixture including
exposi ng the substrate to the first plasna to renove a
& higber comgaieationddy valmenafithe figoriae-contdining gast speciasethan the
at a higher etch rate than a second conponent of the
oxyhdhagntainiag gds spgedies;aindng a second pl asma f or ned
froma second gas mxture including 5 a higher

CONC&HpbaingeBUbSEEITR e dek8nkl g ¢ FENbae Mhd18e &
species than the oxygen-containing gas species; and

FREPZISH of I RONThG i clial 1R (B EPRe R Fer ctph B fan the

area at a rﬂicﬁher et$.h rate t Pan the first conmponent
|

fi5pt GOMBP AR A e Qling material.

16. The method of claim 15 wherein the fluorine-containing gas species is
selected from the group consisting of carbon tetrafluoride and sulfur

hexafluoride.

17.  The method of ciaim 15 wherein the oxygen-containing gas species is

molecular oxygen.
18.  The method of claim 15 wherein the first component includes an organic
matrix and the second component includes an inorganic filler dispersed in the

organic matrix.

19. The method of claim 15 wherein exposing the substrate to the second

plasma further comprises:
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10 .16. The nethod of claim 15 wherein the
fluorine-containing gas species is selected fromthe
group consisting of carbon tetrafluoride and sul fur
hexaf | uoride. 15 17. The nmethod of claim 15 wherei nLLOYD wisg
the oxygen-containing gas species is nolecular
oxygen. 18. The nethod of claim 15 wherein E]he first
co in Wi®stra on g i
oo St e pee T Pita Aol fiRing the
f&ﬂj"agﬂaor ganic matri x. 19. The nmethod of claim15
rein exposing the substrate to the second plasm
further conprises: -18 LLOYD W SE exposing the
substrate to the second plasma w t hout extinguishing
t he _IIi rst plasma. 20. The nethod of claim 15 wherein
fihesnetling elelainy 15 1wharal thedirstangsreandplasmeisdse
the treatnment chanber. 21. The nethod of claim15
generated inuide the tragtmentaahiampearne substrate at a
treatnment position inside a treatnent chanber and
exposing the substrate to the first and second pl asnas
wi t hout renmoving 10 the substrate fromthe treatnment

2ghant®ye méthodlbrclaPd h8duherddthBRisidgwher ei n an

operating pressure in the treatnment™ chanber while the

Isgblsylﬁrgg te SHRARA &t § tdimient BbsiflBY inG5E 34t & hamber

and exposing the substrate to the first and second plasmas without removing

the substrate from the treatment chamber.

22.  The method of claim 21 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.

23.  The method of claim 15 wherein the first gas mixture includes less than
50 percent by volume of the fluorine-containing gas species and more than 50

percent by volume of the oxygen-containing gas species.

24.  The method of claim 15 wherein the second gas mixture includes more
than 50 percent by volume of the fluorine-containing gas species and less than

50 percent by volume of the oxygen-containing gas species.

25. A method for removing amounts of a two-component molding material
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range of about 800 nmforr to about 2500 nforr. 15 23.

The nmethod of claim 15 wherein the first gas m xture

i ncludes | ess than 50 percent by vol une of the

fluori ne-contai ning gas species and nore than 50 LLOYD WISE
percent by vol ume of the oxygen-containing gas

species. 20 24. The nethod of claim15 wherein the

feoRe Qg aBse ol ¥t SUiStiale SRS tH® st é%ﬁoﬁ@ntpﬁréﬁrﬁdpﬁsand the

vol une of the fluorine-containing gas species an S

4095 SRy AR e STy AL S ALEE BRIV, imoriing

gas specl es. anoun

t wo- go t [ material .-19 LLOYD WSE from .
an a%e?égﬁ&g fgﬂ@éfﬁpgﬁ"g W‘?Hnﬁsng fi -cg@mgﬁgﬁ{nqlglngnmatenal
epoxy and the second conponent includes silica

frﬁ% ?%cﬂrﬁg ofi & gubEate; ﬁo'T‘EES'QE'oxy, conprising: a nethod

for renoving anmounts of a two-conponent nol di ng

mat e©XaPsingr the aubslrate tm aafisstilasmaceffectiver tesiremove the first
exposi ng the substrate to a first plasma effective to

cogponent loé thée msoldingomatevéaitfrarh théarealwiting igher eh rate than
fromthe area with a higher etch rate than the second

tisd BBCRRNEobohBAt Htheim@IdIRY Ratetlal; #H exposing the
substrate to a second plasmma effective to renove the

PRI AR TR ORI e e
oMo B oo T T e R et

substrate when the first component is an
tlg%gﬁvoﬁﬁgcwﬁgonent of the molding material. P

26. A nﬁethod for removing amounts of a two-component molding material
from an area on a substrate when the first component is an epoxy and the
second component includes silica particles dispersed in the epoxy, comprising:

generéting a first plasma formed from a first gas mixture including a
lower concentration by volume of a fluorine-containing gas species than an
oxygen-containing gas species;

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

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
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second conponent includes silica particles dispersed

in the epoxy, conprising: 15 generating a first plas

formed froma first gas mxture including a | ower [EbYDVWSE
concentration by volune of a fluorine-containing gas

speci es than an oxygen-contai ni ng gas speci es;

exposi ng the substrate to the first plasna to renove

doffpdriehs of eTAMIEIRY maferfal foPlH é‘r@ar@t&hggﬂerfé'tgﬁnré@ethan the
area at a higher etch rate than the secon 20

RANSEH f i rial; generating a second
f%ﬁasna fé?ﬁéﬁ&¢$gﬁggqg2%§%§£gas m xture including a

hi gher concentration by vol ume of the

fluori ne-contai ning gas species than the
oxygen-cont ai ni ng gas speci es; and exposing the
substrate to the second plasma to renove the second
-20 LLOYD WSE conponent of the nolding material from
the area at a higher etch rate than the first
conponent of the nolding material. -21
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