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PLASMA PROCESSI NG APPARATUS AND METHODS FOR REMOVI NG
EXTRANEQUS MATERI AL FROM SELECTED AREAS ON A SUBSTRATE
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pl asma processing apparatus for selectively renrpswsang
extraneous material froma substrate. 5 Background of
the Invention Plasma processing systens are routinel
used to nodify the surface properties ofﬂmmmmmmmmmmm’
used in applications relating to integrat _

el ectronic packages, and printed circuit boara®o=|n
particul ar, plasm processing systens are used 10 to
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failures, inproving wre bond strength, ensuring void
free underfilling of chips on circuit boards, renoving
o &igldsof the knventien di e attach, and i nprovi ng adhesi on
for die encapsul ation. Typically, substrates are

pl aced i n t HEhephwentpnpelates genanallystpgilesmeaaprdcabing eadtmore
one surface of each 15 substrate is exposed to the

pl wsticular) € & plasiha @‘r’&'eﬁirﬁ%é@ﬁfﬁﬂﬁs_tfoﬁi&éﬂti@eiy@ﬁﬁbﬁn@'@&tr%ous
renoved fromthe surface by physical sputtering,
Chﬁﬂkﬁﬁgh%ﬁ§§§&ﬁ&ﬁ9 sputtering, chemnical reactions
pronot e y reactive plasnma species, and conbi nations
of these nechanisns. The physical or chem cal action
may al so be used to condition the surface to inprove

pr rties, such_as adhesion or to clean undesired
cd&giﬁﬂﬂﬁﬂ¥%t§¥€¥¥¥HEHQO substrate surface.

Plasma processing systems are routinely used to modify the surface

k.

properties of substrates used in applications relating to integrated circuits, electronic
packages, and printed circuit boards. In particular, plasma processing systems are used
to treat surfaces 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,
substrates are placed in the plasma processing system and at least one surface of each
substrate is exposed to the plasma. The substrate’s 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 improve properties such as adhesion or to clean undesired contaminants from the

substrate surface.



1 During sem conductor manufacture, sem conductor die

are coomonly electrically coupled by wire bonds with

| eads on a netal carrier, such as a |ead frarre.lhcﬁL_ead
frames gener ghlynd Qelitsig el
exposed | eads 1E‘Jrs,negd té elugtgg ﬁxgg{af@}edg%gﬁgﬁ%ﬁ%? ng‘l}'{é ommonly
serg g t | P cireuyit. board. One. _

cora ST eBlrIEh By Hile beRaf Wi e SR8 ahia{ ey pch o5  lead rame,
external electrical contacts of the die are wire

boM@g?raWeF ﬁelﬁFé%lf%W £ einymdenef pads epchdiyingreyprsed leads used to
senm conductor die and its wire bonds are encapsul ated

i nslestricallysennlge singhessemiconguotor dienwithie dirpot hoaed. Goelyemiconductor
designed to protect the senmiconductor die and wire
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handl i ng, storage and manufacturing processes as well

as with fHast fiHiSns dTehdRAYs, 1&&%&%&%&@%@ cﬁg}ug(i‘e gs wire bonds are

sem conductor die during operati

a 0] - di Lonal. features from

e ot RaBl s  pRab LGRS EBET Y Ble poRhct1R0y o e to protec
Dur, ng t.he nol di.n racess,. the | eaq frame and the

mulh§ CQJ}dPS\tehé’&ga“Eé’mec § &gy thy iagV%Feeel}w@Pmeemwountered
between two nold halves. One nold half includes 15

nuErBg Bandbing asfprage andmannfaetring progessasasowell aeto dissipate the heat
sem conductor die and m m cking the shape and
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pressed together in an attenpt to seal the entrance

Mo ted-dinidhsiofalTe@ ek fR%n o\ EddBt e BheFRisE fbritrallyifiaif} lead
is injected into the nold, fills the open Space

| Ngiadfe the concavities for encapsul ating the _
sem conductor die and wire bonds. However, nol ding

i al ! t of the 20 concawvities .and flo
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numerous concavities each receiving one of the semiconductor die and mimicking the
shape and arrangement of the packages. The mold halves ére pressed together_ in an
attempt to seal the entrance mouths to the concavities. The molding material, which is
injected into the mold, fills the open space inside the concavities for encapsulating the
semiconductor die and wire bonds. However, molding material can seep out of the
concavities and flow between the mold halves to form thin layers or flash on the
exposed portions of the leads. This thin flash has a thickness typically less than about
10 microns. Flash affects the ability to establish high quality electrical connections with
the exposed portions of the leads and, hence, with the encapsulated semiconductor die.
Various conventionél approaches have been developed fér allleviating the

effects of flash. Flash may be prevented by covering the backside of the lead frame
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10 mcrons. Flash affects the ability to establish
hi gh quality electrical connections with the exposed
portions of the | eads and, hence, with the

encapsul at ed sem conduct or die. Varipous conventiona
R Bl B8 AL RE R i viF P RRY R oo from the
effects of flash. Flash may be prevented, by covering

t H%Pedaélk%\fea% frgme bagkstde-AndrymAle a5 2 radye %%ﬁledam gempeed. In
mol di ng process. However, adhesive may be transferred

f ragditionctapesssyisable forrthis|application are rolatinely dapensives wirichmeedlessly
as a residue after the tape is renoved. In addition,

t apesibates tatheeobtonf manusacappl Flast map baremeowddaifiey aloyding by
expensi ve, which needlessly contributes to the cost

0fméBhBnit MGt cRemich PRbhrii§ues D& Wil P 1486k, AfHesd refvel apréithes also
5 nmechani cal and chem cal techniques, or with a l'aser.

ThGHe: fEANMicRRRLAIERESs 2 FRP exattfif Ghe fead #arqe is sus}peptible to
e rane

restrictions on their use. For exanple, t ead

' i bl 0 e fr nechani gal flash .
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| i.shi Chenj cal . be jneffective . )
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potentially raises issues of worker safety and waste

diusprd gerichopotenitallygaises ispies of workey safetlyanil swasts. digpesalof the spent
renoval i s expensive due to the equipnment costs and

| eawesive ehengisald.uhhser agrhaval iseexipensivendigito thecsguipneent easls and leaves
frame. There is thus a need for a plasma processing

s ysrlesittudl Raibofi aesidfelbehindtnl the lead dragief ectivel y remove
extraneous anounts of material, such as excess nol ding

material, frRan Riesnden a'SI%leﬂia[ ﬁt%ges}éﬁigl sgftg@iégﬁt@aﬂ Qfficiently

other areas on the substrate fTrom

S I nvention The present .i,nvention .

S RE ey Mo vR KRR A5t 808 Merial i ds Foess molding
material, from an area on a substrate while shielding other areas on the substrate from

the plasma.

Summary of the Invention

The present invention addresses these and other problems associated
with removing extraneous material from an area on a substrate with a plasma without
exposing features on other areas on the substrate to the plasma. To that end, the present
invention provides a shielding assembly for holding a substrate during treatment with a
plasma. The substrate has a first area, a feature projecting from the first area, and a
second area covered by an extraneous material. The shielding assembly comprises a
first member including a concavity positioned and dimensioned to receive the feature

and to shield the feature from the plasma and a second member including a window for
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with renoving extraneous material froman area on a

substrate with a plasma without 20 exposing features

on other areas on the substrate to the plasma. To that

end, .t esent nven rovi des a shielding .
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| asma. The substrate has a first area, a feature

pFBﬁF‘? epnhgateriahiromdhe secand area withgbgplasmaecond ar ea
covered by an extraneous material. The shiel ding

assenbl y cofdneisguaion infwhich thershiglding ass¢mabliyrod the present invention is
concavity positioned and di nensioned to receive the

f pattianlarl® bemefitidl ds mhembdling sk frainu lead framie tWithont expdBing the

and a second nenber including a window for 3 passing

t AR1dddasiRageB  tRatGREfeat ol bthdi iR deh &R PlptandPicad hfaine to the

for renoving the extraneous material fromthe second

E tl“he Eaﬁlc% 10 dlecﬁe ide 'tl{éjs%hh&fﬁdh&oiﬂpé&ggésrb‘?e sensitive to

ng asse pr esent 1 nvent

f |
pg{aglln?l ﬁesh.ﬁ{e %}ﬁln eree9( bl% 1%(665{%%%‘ ?ﬁg{ig lglbe aslg éigétn??hedplasma
h h
¢ Aaied's psSiih dehiasoMe cent conductor di e 1 nsi o

the sem conductor packages are sensitive to plasm
exposur e andhe shigldiigassembly niay hess¢omepisinentt of agitpesssing kystem
package fromthe plasma during a plasma defl ashing
pfirtes incluidireg & hacalud ¢chgnbesaridsingwyrobsssing spageaapitile of being
a processing system 10 further including a vacuum

CBpdthgied €8 b%‘aﬂ@acﬁuﬂr af slesttdue p‘é@iﬁ@ﬁe@ﬁﬁﬁ@b&c@s{snﬁ%‘pﬂ& and a
evacuat ed to a parti al vacuum "an el ectrode posi t ti oned

%aé ;5@% BERASE %aﬁ@ﬁﬁ %h%]ﬁl%ii f6r acﬁﬁﬁm%oarcﬁroge%g 2a ﬂt({ fhe processing

uum cha tting a ess ¢
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t he {E%XE H@SH%QA% ?s/‘lg)% y?—%getrgt\ll\% tfo? gon%%pt}/negrt%lé Sr%cteshsegag {oot%% ?)?asma The
fixture is positioned in the processing space at a location appropriate for plasma
treatment.

In another aspect of the invention, a method is provided for plasma

treating a substrate having a first area, a feature projecting from the first area, and a
second area covered by an extraneous material. The method comprises placing the
substrate in a processing space of a vacuum chamber and generating a plasma in the
processing space. The first area of the substrate is covered with a shielding assembly
having a concavity configured to receive and shield the feature from the plasma. The
second area is exposed to reactive species from the plasma effective for removing the

extraneous material.

These and other objects and advantages of the present invention shall
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15 fixture is positioned in the processing space at a
| ocation appropriate for plasnma treatment. |n another
aspect of the invention, a nethod is provided for
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area covered by an extraneous material. The nethod
conprises placing the 20 substrate in a processing

space of a vacuum chanber and generating a plasma in

t dRxief f reShe first area of the substrate

is covered with a shielding assenbly having a

concavi ty cdilitiageonaphnyimgrdeaweings; vench arkiimdotpdrited freaid comstitute a
fromthe plasma. The second area is exposed to

r paut foff thés syfeeificatior, iustrattentniodin&it € el iMentidh and, together with a
renmovi ng the extraneous material. 25 These and ot heér

??bﬁé%&lsdeé&ibt@ﬂ\@mﬁ%&tﬁﬁ dfh ABofe 34 tHeBERIeli A sc;r%ﬁhg given

becone nore apparent fromthe acconpanyi ng dr

a L Pt . reof . Bri scription of the
ngglﬁgjgg&%g’t%%@m“gb yi ﬁa’ﬁg%roaﬁerﬁ)@g?m ich a;e .
incorporated.in.and.constitute a_ 5 part of this

speci P i cati %hg,'qi‘FF‘ éatgfaé‘?‘@até‘h“@\’ft%&iﬂléﬁ’ta tpatmend system for plasma
invention and, together with a general description of

t Heating suhstraies igiageqrdansswth tha arineiples of thelpsesent invention;
description given below, serve to explain the

princi pl es ®&ig. 2hean expodddoniew bf g shidldirg asethblgfanmsetwith the
view of a plasma treatnent systemfor plasma treating

s phsing afegiIndnd s EERbORRPCE, W th the principles of the
present invention; 10 Fig. 2 is an exploded view of a

shi el di ng agsenll ¥ pEQpediSE vIdW &F thé steﬁb?eﬁ@ﬁie‘i&iﬁ?gﬁg&%ly of Fig.
systemof Fig 1,
2;
Fig. 4 is a perspective view of the mask of Fig. 2 illustrating the loading

of the substrate into the mask; and

Fig. 5 is a detailed view in partial cross-section of a portion of Fig. 4.

Detailed Description of the Preferred Embodiments

With reference to the Fig. 1, a plasma treatment system 10 includes a
treatment chamber 12 constituted by walls that enclose a processing space 14. During a
plasma process, the treatment chamber 12 is sealed fluid-tight from the surrounding
ambient environment, evacuated to a suitable partial vacuum, and supplied with a
process gas appropriate for the intended plasma treatment. A vacuum pump 16 is used
to evacuate the processing space 14 of treatment chamber 12 through a valved vacuum

port 17. Vacuum pump 16 may comprise one or more vacuum pumping devices with
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Fig. 3 is a perspective view of the assenbl ed

shiel ding assenbly of Fig. 2; Fig. 4 is a perspective

view of the mask of Fig. 2 illustrating the | oading

15 of substrate.into the and .. 5 is§.a
aéeSrolalemmng SRERAT e g%g/@@fﬁoaﬁog?l%alaabflﬂlbmﬂwn of
Fig. 4. Detailed Description of the Preferred
Eﬁ‘B?}HWﬂ?ﬁh%OWXh reference to the Fig. 1, a plasnm
treatnment system 10 includes a 20 treatnent chanber 12
const i t ut ed Pogcesmpdsds adraitted ath tepslateddilaw exs tathe ppavessing space
14. During a plasnma process, the treatnent chanber 12

| 49mmh e grdcless ghstsowloe 18 tooughha inlet paxputt 2D defatediie Me treatment
enviroment, evacuated to a suitable partial vacuum

arHafibek %e"ﬂcﬁv&‘oﬁoro@és@?@ssﬁorﬁaﬁe PBBEsRRhd %Lﬁcé‘ 154 tottﬂgprocessmg
| ntended pl asma treat nen A vacuum punp 16 i s used

RBar b BiGENE A AEE B p §@§§’$"8§1&%@&é OROYES T g flow rate
S 3&%&@5 e SRR 4P Rl e S HERARUR o 16 are aduste

recognj zed b er sons, of ord| nary skill in the art_of
v&s Bgﬁd 5 Fét%@wwitﬁsmgssgr&sanﬁgn‘gmm%aulaqbleafor plasma
regul ated flow rate to the processing space 14 froma
presewstionand syisable dorite intiensied trestmenhprecesgaPrqvessingspace 14 is
defl ned in the treatnent 5 chanber 12. The fl ow of

preontiamugigeviduatadtsirtulnecssty ag@acese gi<ie idtoduded frdm the process
processing space 14 is typically netered by a nmass

f |g§¥\‘sdiﬁ?&t 194d thht ﬁékﬁtgaﬁiWéontlﬁﬁ@us%aé(cilh%drvﬁﬂﬁn tﬂer BtBtessing

t e process gas source 18 and the ‘punping rate of

GAUATARAER 6 ﬁgrﬁa?sgé g ?%nd ?Fgr%g?sstggeﬁéf%lgtllg species

cessi ng pre sure enviTo

pIremoved from a substrate 20 are eliminated from the processing space 14.

A power supply 22 is electrically coupled with, and transfers electrical
power to, an electrode 24 inside of the treatment chamber 12. Power transferred from
the power supply 22 is effective for forming a plasma 26 from the process gas confined
within processing space 14 and also controls the direct current (DC) self-bias. Although
the invention is not so limited, the power supply 22 may be a radio-frequency (RF)
power supply operating at a frequency between about 40 kHz and about 13.56 MHz,
preferably about 13.56 MHz, although other frequencies may be used, and a power
level, for example, between about 4000 watts and about 8000 watts at 40 kHz or 300
watts to 2500 watts at 13.56 MHz. Those of ordinary skill in the art will appreciate that
different treatment chamber designs may 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.
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generation and suitable for the intended treatnent
process. Processing space 14 is 10 continuously
evacuat ed sinul taneously as process gas is introduced
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substrate 20 are elimnated fromthe processing space
14xemplasiranfigursioy deseribed bereim Hor axample.ghe plagmai26may be
and transfers electrical 15 power to, an el ectrode 24

i rgenateted ferhdte of treatmeanthantberrb2 andl@eliveredao ther mrosdseing epace 14.
from the power supply 22 is effective for formng a

pIPassivR tPAthEMRYStaA 109 ARGSr tRferstéud tofsluddddniidhents not shown in
processi ng space 14 and al so controls the direct

g g"i % QnhatdhectSlaty Rir %ﬁcraﬁ%xﬁ gp%g{éﬁna 56] Elé&gé’sec{‘ézité) Dalb€ afdpbsed

imted, the power supp

radj o- cv. (RE ower, supply operating at a
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r ef er abl bqut. 13.56 MHz, alth h ot her frequencies _
ﬁay be usedA %Haldgra%lﬁ}é'eng sty 3p ds,on0r Borp abgiralss 20 (Fig.
about 4000 watts and about 8000 watts at 40 kHz or 300

wa insthe gxemplary fieatmenitsystemsld) aipppositinn iethefprencasingispace 14 of
skill in the art will appreciate that different

t teeatnmanh chanitzant) @ suidakdé fpnperferymipg thei plastnd treatment. Mihase-dimensional
powers. A controller (not shown) is coupled to the

V FEdteres 28 SHIP BREELE Frofi orid Mdd20aTehd uBSATE DD afd HeIPpddlte side 20b
to 25 facilitate control of the etch process. 6 asm

t ro??ﬁtﬁ?r@fe 2Vmik u%}%r%%a?egfglgﬁ%rd i %?9—%1}11&ensional t;eﬁtlulrefs 28 are to

contiguration erstoo hosée 0 I nary

[ h nd her ef [ t limted t he, .

oD R s P HRa bl miE aosneioef redp b higiged from the
th Iaisggl,% may be generated renote of treatnent

o Riasbe o tiriag plaghe Wrafraent pbsyhswaty 29 c d8simgntipmeentamplates that

shielding assembly 30 may hold a single substrate 20 for plasma treatment.

With reference to Figs. 2-4, the shielding assembly 30 includes a
plurality of first members or masks 34, a second member or upper frame 36, and a third
member or lower plate 32 that may rest on the powered electrode 24. Each of the masks
34 is adapted to mask side 20b of a corresponding one of substrates 20 so that the three-
dimensional features 28 are shielded from the plasma in processing space 14. The
upper frame 36 secures the substrates 20 and masks 34 with the lower plate 32,

The lower plate 32 includes a projecting annular rim 38 and parallel,
equally spaced ribs 40 each of which extends between opposite sides of the rim 38. The
rim 38 and ribs 40 cooperate to define recesses 42 below a plane defined by the rim 38.

Each recess 42 is dimensioned with a length, width, and depth appropriate to receive a
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5 Plasma treatnent system 10 is further understood to

i ncl ude conponents not shown in Fig. 1 that are

necessary for operation of system 10, such as a gage

% L gPpse h rocessi.ng space 14 a

t <%qél\é\i?/e alglﬁ urn puﬁn%er*%@% H%S%h#eﬁﬁ B%Sftl ?éﬁl g?eﬁgceﬁesse theysubstrates
hqgl.ds one.or nore substrates 20 (Fig. 2) in the

o 20 35 P I e sbelifad Ssabate s Bisudtngriphorakpeation 44 of the
processi ng_space 14 of 10 treatnent chanber 12 o
supPPHTang 3 max physieallygontaet the tiand8 of lowenplate 32 for establishing
Three-di nensional features 28 that project fromone

sigded glectriodl ant¢hgrmabeontiot Phe rbsi4Q fre gepgrally pesitiorbd béBieen

of substrate 20 nay be approximately planar. The

t hdjeeert nnikss3 4 MEhe loeRt plags322BapbeattRhed® thE ele€GdRD4 or,
during the plasma treatnent and, accordingly, are to

baiterhh®t el tndy QR bePRBRe B tHY g}&gssngg%g@e 14 ata lggation

treatment” of "substrate "20. The 1 nvention ntenp

tslgﬁgab}e'sfog.gklghgg’?&gﬁﬁgnbl y 30 may hold a single

ubstrate fia treatnent. Wth reference to

Figs. 2-4, the shielding assenbly 30, |ncludes, a )
pl gr ality o a&? agk #r‘gh*tf pefrygfe mulfiple goncavifig46 each of which
menber or upper ftamg 36, and a third nenber or | ower
phsgosreiped Wik thegthraeetimensionah eaposetSeehrreden side 801 4f one or more
Each of the masks 34 is adapted to mask side 20b of a
ceubstreisedti fignemby,dhe sarvavities 46 a2 @rrangddy dimdnkintd adpositioned
20 di nensional features 28 are shielded fromthe

phathereveiseiimage 8f tdigplemeatdlree-HitRensititaPfealur & piBjecting from
secures the substrates 20 and nmasks 34 with the 1 ower

2082 0 ke A BB g 3 o

annular rim and para

R i e} R BT PR S ErRE Bt 1 me
recesses 42 b%%vlg?%an,e dgfl ned by the rim 3 8.

. 3. 8. 25
Each recessE# s ipsienied apatially with the genpavities 46 facing away

and depth appropriate to receive a 7
from the powered electrode 24. One or more substrates 20 are positioned inside each of
mask 34 with the concavities 46 and three-dimensional features 28 coincident and
registered. As a result, an exposed upper surface 20b of each substrate 20 faces away
from the powered electrode 24 and the substrates 20 are oriented such that the three-
dimensional features 28 face toward the powered electrode 24.

Each of the concavities 46 has dimensions (length, width, and depth)
with sufficient clearance to receive one of the three-dimensional features 28. The
concavities 46 may be dimensioned equally or have individual dimensions tailored to
accommodate three-dimensional features 28 of differing dimensions across the substrate

20. As aresult, each of the concavities 46 defines a seal with the substrate 20 about the

perimeter of each three-dimensional feature 28 adequate to prevent the ingress of the
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single mask 34. After the masks 34 are positioned in
the recesses 42 and the substrates 20 are positioned
in the shielding assenbly 30, an annul ar peri pheral

ggagishﬁrké‘lrh%finwﬁ?gn g?ﬁﬁ%l%i;aﬁeﬁ 5 at %@u@é’ ?ﬂ%%ly %45 {1:13% :b|¥ gﬁﬁﬁbent to

tact the rim ate _
SR S 28 B B R e pi O siecing

lower plate 32 may be attached to the el ectrode 24 or,
a|ﬂilf‘eﬁhf§r<ﬁwp§)9n%%/ﬂtwﬁ % fomethp plaswa 26 &aeexample,mesingle mask 34
processi ng space 14 at a location suitable for plasm
phaviag gisingle Emehvitndtkedanding dous thepetiplkryiof themmihski 3d may be
concavities 46 each of which is correlated with the

t leffeetivdi foestdelding] thé bater s@$ac®06 af theadbarutdi 20eraf Theeactive
one or nore 10 substrates 20. Generally, the

C@péoidsiih itlesplddmaps arranged, di nensioned and

positioned as the reverse inmage or conple?ent of

t hr ee- di nensj - 0] ' [LOR).. Side .
200, - he. dent R0 ey fidd WEElo Rig. 35 MgpP Bhapg b6 T positoned

adj t e fim38 . qgf .| ower ate 3 .
o ftsled AEheiiRE b Pyl o3, s 31457 of g vt Tramee Apapplics o
Each mask. .34 |s oriented spatially with the

CORURVA aochiirsauiriha AegHaies 29 abkmasks Howith dep lower plate 32,

el ectrode 24. One or nore substrates 20 are positioned

i T4 yppefeame}6 ingludrs amidistant nanadlet ibe 48 extemding Betsveen two

t hree- di nensi onal features 28 coincident and

r egpasitersieids ofthegenaally tectangulaxnaig defiped ikideithe 8nrd? peripheral
of each substrate 20 faces away fromthe powered

elgfionadewRithatidt s §14BS sl 88 i 8 8@&%%?2@;& urality of

at the three- dinmensional features ace

t

t r. 24 concavi ti es
T Y e L
suff.j.ci ent cl earance tp recejve_one of the X

¢ RPRLSHA Rendoet pcpl siBiialesp) Gress megpesh, % fupetiopgo iignthen
be di mensi oned equal |y or have individual dinensions

t 319 wpegirage 36 and only cover portions of the substrates 20 for which plasma

treatment is not required or desired. The specific location of the cross members 52 will
depend upon the arrangement of the three-dimensional features 28 on substrate 20 and
will operate to divide the windows 50 into even smaller windows. The present
invention contemplates that the upper frame 36 may be constructed to deliberately
shield areas of the upper surface 20b of the substrate 20 from the plasma. Key pins 54
in the diagonal corners of the upper frame 36 are registered with corresponding key
bores 56 in the lower plate 32, of which only one key bore 56 is visible in Fig. 2, to
ensure registration between these components during assembly of the shielding

assembly 30.

The lower plate 32, mask 34, and upper frame 36 may be formed from
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accommodat e t hree-di nensional features 28 of differing
di nrensi ons across the substrate 20. As a result, each
of the concavities 46 defines a seal with the
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AR AL onghe i IS erialark svass o Podmed Hm & o i dhick

substrates 20 and/or that a single concavity 46 may be
efhest of lumimym apd hie gprepvitien 46 ary atangedandpasitinned at locations
features 28 fromthe plasma 26. For exanple, a single
masitespandihgto thg asrasgemging andpesitiining dfthe resrdinmysmhal features 28
the periphery of the mask 34 may be 5 effective for

slf tedubgratd20.| oner surface 20a of the substrates 20
fromthe reactive species in the plasma 26. Wth

continued r ¢ g ER&GRatlve iiddimelt 6f tHehifvehBBE! thé FREEeS82 in the
is positioned on the substrates 20 held by the masks

3 TR o : 3 hHes :
¢ S MR e e P R A e e BRAL 1 TR (AR i
the lower plate 32. 10 The u r ftra 36 includes

o 6 Rt eh il Faperpets Ot g TRAS A i obene B TR 34 at fxed
oppaosite sides of the generally rectangul ar opening

d@psitiens relative fo the avindaws HHingwpefrmeBo, may be wsplaged by any

whi ch divide this space inside the peripheral portion

4 4truaiurs capgiileiofprevsntiog lateiahohowemérd. Aleenatively, fhatedainogement of
assenbly 30 is assenbled, the ribs 48 are generally

pasd ihdieided] heskssSareRdyanetht uppdd Stahitt 36Sis A0t a E61R8M, such as if masks
menbers 52 function to strengthen 15 the upper frame

32‘4 L1 U1 AW SR Ot 1OPS fte B %@!&g&.ﬁg&@ i%’soerftfggty.

ich plasia treatnment is not requir esire

Th i fi ] t b 2 wi |l

depend upon ™ REERPHIRyehdet e BRI drofntlgiig 10, cachof
f 8 b 20 and Wil _

o5 b 24 P i 09 i erfifoneh iy e aEapsying packages

present _ ) _ .
as three-dimensional features 28 and each mask 34 is configured with concavities 46

dimensioned and arranged for masking the packages of the lead frame. The lead frame
is plasma treated to remove thin layers of molding material (i.e., flash) created by a
molding process during a previous manufacturing stage.

The present invention overcomes the various deficiencies of
conventional removal techniques as extraneous material is removed from a substrate 20
without resort to wet chemical etching techniques, mechanical techniques, or the use of
a laser, and without damaging the substrate 20. The process of the present invention is
particularly applicable for removing unwanted thin layers of molding material or flash
covering the electrical contacts of a lead frame. Flash results from the molding process

encapsulating die carried by the lead frame inside respective packages constituted by

-10-
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i nvention contenpl ates that the upper frame 36 may be
constructed to deliberately 20 shield areas of the

upper surface 20b of the substrate 20 fromthe pl asna.
Ki | t he di agonal coners of the upper frame
213[ BOWH rlnge%?led W|th correspondi ng key bores 56 in

f/ihgi IbIO\(/evelr npI aE:}See % I ﬁ‘ir']eég Ejé% g%eg{é%%i 5 \ﬂgé?pismoned in the

t hese conponents durlng assenbl of the shielding

a$eAsRIsH ¢2 sleﬁnezislnthfélq“@v\ehtqo}?awénmestﬁag khegppwesedielagipmte 24, and
frame 36 may be fornmed from9 any suitable material,

| iakeeoradntad witirthecloacavitiesrdicAecing yway framcthp tlebirede Teardelbwer plate
and electrical conductivity. An exenplary mask 34 is

f gRMeHe biitiRates 20\ then agiBbiblel Ghith thE afkkI4 QlcH Thdd B Rk
the concavities 46 are arranged and positioned at

| QGALdsial feﬁﬁlﬁ'és%&ﬁﬁé h ShGsuate wg PERlved 'ﬁggxe cgrr8§ponding

positioning of the three- nenS|ona eat ures

the o?f*égﬁ(t,aklﬁi 460 Flrlaﬁ]lgbs e hf)e%rfﬂz?%é 3’6e1|sg)%’9?9h{59 (Fn th%ful&lsé%tes 20 held

i nvent on e reces

rectly formed into t e el ectrqde The recess
p g e T S e A ‘ﬁgﬁfeﬁmw ffagae 36 and the
masks 34 and to |ocate the nmasks 34 at_ fixed
p&srespending keybpigs 56 defirnd inithailowsr plote 32 1ggisters thedomger plate 32
36, may be replaced by any 10 structure capabl e of
praad epper figpmead edvaringrassenttvy bf thélshietdiag assehply 300 | at er al
novenment of the individual nmasks 34 relative to the

upper frane Affadeit 9GbmR oF ANGE ﬂﬁ th&@rdﬂneﬁmﬂal PeaRlSs 2B4ke
are all coupled together, the lower plate 32 may be

ST ST S BT g PO . o
E’ﬁct'étﬁlgetggg maartbr rg:ggr% g %’ e;qgoasng epegt\lchﬁy con u%t?\r/]edllél:a&s of a lead
frame. Areas 60 on the structure 58 may be covered by a thin layer of extraneous
material, such as flash from a molding operation creating a package encapsulating a
semiconductor die, that the plasma processing is intended to remove.

After the shielding assembly 30 is assembled, the processing space 14 is
then evacuated by vacuum pump 16. 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 1200 mTorr,
while actively evacuating the processing space 14 with vacuum pump 16. The power
supply 22 is energized for supplying electrical power to the electrode 24, which
generates plasma 26 in the processing space 14 proximate to the substrate 20 and DC

self-biases the electrode 24. The substrate 20 is exposed to reactive species from the

plasma 26 in a treatment process suitable for removing the thin layer of extraneous

-11 -
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15

20

15 as three-di nensional features 28 and each mask 34

is configured with concavities 46 di nensi oned and

arranged for masking the packages of the |lead frane.

The .lead franme is.plas .reated, to.renmpye thin

! R o B ey R B 55 g PR Bt e by a

nol di ng progess during a previous manufacturing stage.

The present JMWPESMAAY GRANSIRRLIVE fReciedr inglyding atomic radicals and
defici enci es of 20 conventional renoval techniques as
exensathebinteragt txdth material ancthe vurdace o6 thecsubsttate 2@ being Modified.

W thout resort to wet chem cal etching techniques,
midranéavia matercihim cpyvessd aveastddgFigs 8) of the subsaater20 iamdnsformed by
wi t hout damagi ng the substrate 20. The process of the

prsefadeireadiioas ivithrihé Stomiesaticaléland liohsad RVoRtl gasbéls reaction product
renmovi ng unwanted thin |layers of nolding materi al

or
f 1t feavE QM8 Shitik el ?Sg%%,e&ﬁileil v&%@g%dﬁ%&ﬁ o) tré'atllng@t%hamber 12 by

frame. Flash resu romthe process

e )S. t] ' rri he |l.ead fr.ame insid

" SBEPRHLB D £, 16 donituldt s A RBiks G ATER RS, such as
terial. In.use .and with reference to Figs. 1-5, the

e s D SRR gt soh £ cniapslde ermisopbiciirale, may be

the lower plate 32, which rests on the powered _

elraBeYessineiffgient plasmaa epmpasiticswidny surfaceortipniresidue may be

46 facing away fromthe el ectrode 24 and | ower plate

5 r@Roveliiy mobidinga diffe@t plasms bempasitsoci ated with the

masks 34 such that the three dinensional features 28

carried by oxhile hepedseatifvetionhs bexailysetddbyt d\@escription of
corresponding set of concavities 46. Finally, the

URREHus én%‘ﬂﬁirﬁgrht'h §.t_1|_cﬁ9'ﬁi1$ {}f%@eegrnmilglgﬁts RS Jeﬁtd%irﬁ)gg Eu‘?{:)cﬂusiderable

y the masks e engagenent between key pins

b

t pper franme, 36 and.the ..correspondi ng key bojes 56

adPrH e ot R o O P Ao UG FRE oF th 51 gt the scope of
late 32 10 agnd u r franme during assenbly of the

S heAnpeed Ela IR Suchlctail. Rdditonal advantases snd modihcations wil

readily appear to those skilled in the art. The invention in its broader aspects is

therefore not limited to the specific details, representative apparatus and methods, and
illustrative examples shown and described. Accordingly, departures may be made from
such details without departing from the spirit or scope of applicants’ general inventive
concept. The scope of the invention itself should only be defined by the appended

claims, wherein we claim:

-12 -



Adj acent to sonme or all of the three-di nensi onal
features 28 are structures 58, of which one structure
58 is shown in the detailed view of Fig. 5. The
stlructures 58 may be, for exanple, the exposed

&L8ttsii cal Iy conductive leads of a lead frame. Areas

0 on {he structur 8 . be covered py a thin |ayer
3 oxeh SheBlie Skerniy 5t Biing & sibatle durits tfeekens with & plasas, the
nol di ng operajion creating a, package encapsul ating a
§%‘?ﬁ%@@%‘w B 115 dreay pigpturqiprojsictngfropy the disstiangs, ard a second area
intended to renove. After the shielding assenbly 30 is
s9¥wndbbran extranepuowetssial gaid phicklinglasssmblyhempeisaguat ed
by vacuum punp 16. A flow of process gas is introduced
f r om privstasembednclading aconavity positissed 41l didlehiidhed to receive the
vacuumin the treatnment chanber 12 to a suitable 20
deseuratand ¢ $Hi€ld she Ratuty/RbMahé plabaldy@ range of about
150 nmlforr to about 1200 mforr, while actively
evacugtg t ] : v, m. .
To TheAadienBl A ALE 8 FRARE 1 ballibe e WA B pntact witn
e i cal neto the. el ectrode 24, whic ener at es .
B GRls R frtndBioB 6° LGB0 s bayPaal Hrum B oppbarea with
ubstrate 20 and DC self-biases the electrode 24. The
?WB@FW%%e 20 is exposed to reactive species fromthe
25 plasnma 26 in a treatnent process suitable for
renoving the thin | ayer of extraneous -11 materi al
fromthe covered areas 60 (Fig. 5) on the substrate
20. Thbe phiekling @emblytodiclsm Nefaghén@ngRifges, i ncl uding
atomc radicals and ions, that interact with materi al

on t he gk Ifnéﬁlﬁeloiliglﬁ'thg b6 ﬁel%gexbx%ia‘i‘igf Eipgdlfl ??sq member.

Extraneous material in covered areas 60
the substrate 20 is transfornmed by 5 surface reactions
wth the atomc radicals and ions to a volatile

e G N T R

by
sd1d second member is positioned inside said recess.

4, The shielding assembly of claim 1 wherein said first and second members are
formed from an electrically-conductive material, and said first and second members

have a contacting relationship adequate for electrical conduction.

5. The shielding assembly of claim 1 wherein said concavity has a perimeter that
contacts the first area of the substrate about the feature, the contact between said

concavity and the first area effective to shield the feature from the plasma.

-13 -



t he vacuum punp 16. Fl ash constituted by a variety of
different materials, such as different types of
nol ding materials used to encapsul ate seni conduct or

dige, Mo¥e Qﬁielcﬁ%%\é&ﬂb]&%f 'Egalrg' f\Ifﬁerrg ﬂtsalfa! vglﬁggmglcl%%es fgst and

COITpOSI trons ace reactl on resi

remved. By .proy d| ferent | asnma osi tion,
whrepd Hfé eﬂ?%ssaé‘fha qﬁv@ &ﬁO%&%ﬁWl@%@%tWﬁ%&n&&W@@ $jd first and
descriptjo vari ous enbodlnents and whil e these
ﬂﬁd@@@g?ﬁa

effoR ad grashmembers; hsens nositioned surdithaithe second area is
detail, it is not the intention of the applicants to

r 65PesEét or in any way limt the scope of the

appended clainms to such detail. Additional advantages

and nodifications will 15 readily appear to those
skilled in the art. The invention in its broader

agpect The shieldied Sk&hSlydPElalirh T wigdeih Qaﬂd@@coﬁﬁ%érﬁb&‘ s positioned
details, representative apparatus and net hods, d

| e t@tshl\ieﬁr&)‘tﬁgmbé%uah@\mhg @gbs‘iirg&q WGty bet%eea Spid.first and

Accord |ng epartures ma rom Su

t he t ar of
sét{&gc an?l%% té{ﬁlg r%o{lgav{p}; is rRosaigone SR 88?)?186 gﬁgleggli%l@teotp cover the
nve itself shoula only be defjned by
Eﬁ&ﬁa’é’& pisg ‘Y‘&F‘%’ 1S pRsitiQuied oRgn Oppesie stdentiihe substrate to expose the
shi el ding assenbly for holding a substrate during
t peeghdheree. wi th a plasma, the substrate having a first
area, a feature projecting fromthe first area, and a
second area covered by an extraneous nmaterial, said
shi el ding assenbly conprising: a first nenber
i ncluding a concavity positioned and di mensi oned to
receive the 5 feature and to shield. the feature from
the plasma; and a second nenber including a w ndow for
passing the plasma into contact with the extraneous
material for renmoving the extraneous material fromthe
second area wth

-14 -
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15

the plasma. 2. The shielding assenbly of claiml

further conprising: a third nenber aligning said

second nenber relative to said first nenber. 3. The

shi el di f ' [ D:.8ai [ .
aber ‘HECCESAE Hlo tofl Bl SOBGKEL B3 dieshlh B substrate having
posi.tioned . inside .said recess. 4. The,shieldin

D S B £ Rl S e iR Fieisices. AGg SaReprdenepvered by an
menbers are forned froman el ectrically-conductive
mEKEaegns majegiak s7id PROGEsHNHFteTeUMRIISgber s  have a
contacting rel ationship adequate for electrica

conduc @ivasuung charpker shelesing agrepsssimippacotapabliafibeing evacuated to a
wherein said concavity has a perineter that contacts

t Ipertfal va&uay, ea of the substrate about the feature, the
contact between said concavity and the first area

ef f ect iai @ldcRoddp&itibriel én &@@fﬂ&@ssﬁfg%gwebe pl asna. 6.
The shielding assenbly of claim1 erein said wi ndow

i nclud %%a%gBﬁ efid in%ﬁigl%gu@g tgﬁv\aélg’r%& 2‘2} afglﬂﬂ}tfr??f’a! ﬂg‘égésk &s into said

of cross nbers ext endi ng

S . S| dges, said cross nmenbers being positioned
sg’g%ggsﬁr%%%ﬁeg second area is exposed. 7. The

shi el ding assenbly of. ¢laiml1l whereip said second

menber aipgwﬁ%‘mﬁ))b%l&ﬁ“c?l& %PtuP&aQ "‘l"al %aéfrﬁle?tf‘?@t S%‘g%‘éﬁ?r supply
such that the substrate is |ocated between said first
aRBerat e [ gorvarting the pregess gaste theindasmas apdsi t i oned on

one side of the substrate to cover the feature, and

sai d wansteiing agsembly lmididg tre sabstrppats grocessidg pofitibih én said
substrate to expose the 5 second area. 8. A

P pesRssindghasy, %hiﬁ"éhfe‘k[in% ER8inbdncluginb 3t firsd Bebérivith a concavity
plasma, the substrate having a first area, a feature

pg)eiaiﬁﬁﬁédgﬂldfcﬁﬁgﬁﬁmdftb FeteivR P feafiffarl 8 SERIFH 6 Rure from the
covered by an
plasma and a second member with a window for passing the plasma into contact with

the extraneous material for removing the extraneous material from the second area with

the plasma.

9. The processing system of claim 8 wherein said shielding assembly is positioned

on said electrode.

10.  The processing system of claim 9 wherein said first member is oriented such that

said at least one concavity faces away from said electrode.
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extraneous material, said processing system
conprising: a vacuum chanber enclosing a processing
space capabl e of being evacuat ed to a 5 partial

vacuu n.e t rod i n saj r,0Cessi

siTeer 8 ueRing SAfrPRECHRTE Shelrh SR iRt REm Sty s clecticall
adm t.t ces gas into said processing space; a
pGRE#“£W§BP?E§$ caIIy coupled with said el ectrode,
sai d power supply 10 operative for converting the
process gas to the plasma; and a shielding assenbly
hol di ng the substrate at a processing position in said
prdces Jhagrecpssing sysintoSdiaiel 8livhgreasmidritigldingcsseabig fiather
first menber with a concavity positioned and
dicompsseaned to receive the feature and to shield the
feature fromthe plasma and a second nenber with a

Wi ndowyfigitd RREBePSlidniE; R ESBnd ReMbEIAGE 1% fils? nicifber.
extraneous material for renoving the extraneous

material fromthe second area with the plasma. 9. The
processing system of cIain18 mherein sai d shi el di ng

assenbly i s positioned | ectro 0.
o Seon The rediSons DT o EATaino| JtBerein s G ibiyd phraber g b esooss, and

|s orlented such that said at Ieast one concavity

f seid secondynarmbsiisposificsred insidsceid regess.The processi ng

system of claim8 wherein said shielding assenbly is

el ectrically coupled with said el ectrode. 12. The

processi ng system of claim8 wherein said shielding

agaenbiThe pracebitig sys@P6f A48 8 wherein said first and second members are
formed from an electrically-conductive material, and said first and second members

have a contacting relationship adequate for electrical conduction.

15.  The processing system of claim 8 wherein said concavity has a perimeter that
contacts the first area of the substrate about the feature, the contact between said

concavity and the first area effective to shield the feature from the plasma.

16.  The processing system of claim 8 wherein said window includes first and second
side edges and a plurality of cross members extending between said first and second
side edges, said cross members being positioned relative to the substrate such that the

area is exposed.
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a third nmenber aligning said second nenber relative to
said first nmenber. 13. The processing systemof claim
12 wherein said third nmenber has a recess, and said

S nd i ositiened pnside said recess., 14. ..
Tﬁ@(‘) pr ofc% s(l%neSSlﬁ% §¥SZ?W 3 ? &Slln%\? WHSTSIR, 8l F?‘F(’Qg fFniher i positioned
and second, nenbers . are _formed from an )
eITEREYS o801 LIsbmabes sHeh it the substraggig lacated hetween saidifirst and
second nenbers have a contacting relationship
adeeprgdiraenbars.shisqonravaly is pesitiened on. ong Side Dif éheubsteats iangpver the
systemof claim8 wherein said concavity has a

pdeitwet and saithwindownis positonddeonf anrapipositeeddedf thé gubstrate to expose the
substrate about the feature, the contact between said
caecaMidraa. and the first area effective to shield the
feature fromthe plasma. 16. The processi ng system of
claim8 wherein said wi ndow i ncludes first and second
side edges and a plurality of cross nenbers extending
between said first and second side edges, said cross
nmenbers being positioned relative to the substrate

such that the area is exposed. 17. The processing
system of claim8 wherein said second nenber is

positioned relative to said first nmenber such that

the substrate is |ocated between said first and

second nenbers, said concavity is positioned on one

side of the substrate to cover the feature, and said

Wi ndow i s positioned on an opposite side of the

substrate to expose the 5 second area. 18. A nethod

for plasna treating a substrate in a processing space
defined inside a vacuum chanber, the substrate having

a first area, a feature projecting fromthe first

area, and a second area covered by an extraneous

material, the nmethod conprising: placing the substrate

in the processing space of the vacuum chanber
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5 generating a plasma in the processing space;
covering the first area of the substrate with a
shi el di ng assenbly having a concavity configured to

regei v h tur fromt he asnm; o
fos! Rytihed dfbikerd el B Bt e Bfeoill SP?C&?ﬁ”ﬁﬂsd insidea
pl asma t| e for rmV| ng. t he ext raneous,
fW&?H%&%@%tﬁe syate BgVing R oA TEAMEIRARIRF IS o the firs
wherein the mask contacts the first area about the
p@Fdangiided sespnd prsa coyreed/bY §n extranequsanatetialothe atethdd¢amprising:
wherein the substrate has opposite first and second
si des, pldvingfthe stbstmtedn itlee pocdskiag fpacs bof thedacaodm tchamber;
substrate, and the second area is on the second side

of the gandratingd plasdd in (he raveisiiispate;Cl ai m 20 wherein
placing the substrate in the processing space further

CONPr i $89eriny tAE Y aldDf %{H s%hﬁta?&wﬁﬁ% szlldinggéiefnhfy havhng a

substrate on a powered el ectrode use enerate t
t.he
ity Sod B BB LRI e ot RO R it
pomered el.ectrode. ,22. The pmet hod, of C
exposi TGP g St Ao Feisaibrss Opk 3 smﬁwgfﬁftewefor
pl asmg further conprises: p03|t|on|ng a w ndow of the
s APBP NG exfanenuy majerial fivm hesemvndareda so that the
second area is exposed to the reactive species. 23.
The nethod of claim 22 wherein placing the substrate
in the processing space further conprises:
19.  The method of claim 18 wherein the mask contacts the first area about the

perimeter of the concavity.

20.  The method of claim 18 wherein the substrate has opposite first and second
sides, the first area is on the first side of the substrate, and the second area is on the

second side of the substrate.

21.  The method of claim 20 wherein placing the substrate in the processing space
further comprises:

placing the shielding assembly and the substrate on a powered electrode used to
generate the plasma in the processing space; and

orienting the substrate so that the second side faces away from the powered

electrode,
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placing the shielding assenbly and the substrate on a
powered el ectrode used to generate the plasma in the
processi ng space; and 5 orienting the substrate so

that t f.romt he

e:ﬁéct (o e%ﬁ%ﬁ&ijc}ﬁélgﬁl E%&'g)grefh )i\f)omrr,rlgi %%rfdge}rﬁag}rga?twa species
strate || thqnilgoroces& ng space further

gﬁ%" H156%i el di ng assenbly and the

substrate on a ovvered el ectrode used to enerate the

pl asnma noﬁltlpﬁglg@r\w@ég\g,qﬁ ¢hesshiglding assembly over the second area so that the

second area is exposed to the reactive species.

23.  The method of claim 22 wherein placing the substrate in the processing space
further comprises:

placing the shielding assembly and the substrate on a powered electrode used to
generate the plasma in the processing space; and

orienting the substrate so that the second area faces away from the powered

electrode.

24.  The method of claim 18 wherein placing the substrate in the processing space
further comprises:
placing the shielding assembly and the substrate on a powered electrode used to

generate the plasma in the processing space.
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