10

15

20

25

30

- 1 - SYSTEM AND METHOD FOR PREVENTI NG AND

ALLEVI ATI NGSHORT ClI RCUI TING N A SEM CONDUCTOR DEVI CE
WO-R@EED41269 THE | NVENTI ON Thi s i nvention rel at eSP€DUS2004/018000

packagi ng of sem conductor devices, and nore

particularly to a nethod of preventing and alleviating

short circuiti g in packaged &en conductor devices.

BACKGROUNDOF THE I NVENTION | n the fabrication of

sem conduct or devi ces, conductors (e.g., bonding

SYETEN )ANDY MEDHOBFQR PREVEMNTING ANDALIRYIARING SdARESIRGHITING IN A

bet ween el enents of FEﬁI@@ﬂb@@P@’N@E@EC@eV' ce. For

exanple, Figure 1 illustrates a portion of

conventional sem conductor device 100. Sem conduct or

device 100 incl udes FgadfoamBeEINYERTON eadf r ane

contact(s) 102a. Sem conductor elenent (e.g., die) 104

i's mhtmhe@htm ﬂem@h‘troaxmka@ag oBe@rdicogdwdtoredéidespand mdbes

partpcru‘la r e%t c?%&%@e%@m%%'yd a(?l:gglléghg s?c?njt %IFEHE n%rgn 8§%ged

setrmwpdumydewcqﬂ ovi ded over bonding wire 106
sem conductor el enent 104, and | eadfranme contact 102a.
| n the configur aBAGKGROUNG PRITHE INVENT RN e 1, a
nunmber of bonding wires 106 be i ncl uded

m
s emilB Shel (R GRtIML0f %?@'iw%EPW@%\?F%OPH%P%&%CPPMHQ wires) are
ofteRtUIZEH ¥AProQIde iG1RAILRA ELtIIH mWaéns eRmenesTbihedieaiiconductor device.

rograTg e, Fit baSERtsE RUFA S FEChRrE shaftchah gt defse 100
Sefr0@ndshimr decice dQDUrs:lle@\Awﬁraam 202 and bendfiante guntac(s) 1028
Seé‘ﬁgodld%rctoqj%fe%eq{fég%' ! Se) 5.‘0&%%@8&%8)%%%&’&4?@@ 185, @%ng wire

wre urin

106anspvldas Ir@rcomwamhetwe@ngsemlwctommnﬁntétoé &)ndolﬁadframe
coRQRdh figh. \Ab(/&%ol@@oﬂb/e v SSHJ)IEI cb ﬁuﬁmktpr&hﬂé‘d«'b\t’er bonding

bet ween adj acent bondin
wirq 1Qfs tseatindyctop RFaIANT aﬁgu andjep ﬁ@&é@gwcaés%%e”zmﬁ

cohfif riitibm glustitated GRPRuUkan} a 2lichbeyef bbedidy Mgreail06 rmé\p be included in

SeB‘érto\/\gg#oBgﬁ\ﬂfengO@n Sgro(%g:l\éelrgﬁ éct:ohn%eﬁtlcprp Sé;t‘ié\}r%gg (\)lﬁph%% éonnectlon points
oneleeriemdut®4 elemukrt d@dfandneresperading kedéame qontﬁCtﬁeiLOZa

respects, the elenents illustrated in Figure 2 are

ver Puingi thaprecess pofebriratingssamicenfluskal dexiseri0fe ghebsireuits

bethddh 5§§&$ﬁtboﬁ@in§'vﬁ|‘é%QO% oF bB&H Brchiits $n BoMRIEBE WithVéhe or more
vi ew of a conventional semnm conductor device

100,
bogglig|viFes: 16 MaY Qe c &OF Pra/aPIeafliiNg frbECeiien: movement (e.g., sway,

sweep] &e)) i BbAding werse ntoeldy ré&suitl ih wsdhoat @tutiebiesh adiacent
b ladf rame, 102. A plurality of bonding wires 106
OBP'GViHE®S nt%r connecti on bet ween semi conduct or el enent

104 F?dme Czquurs%r%qugicglg/eln%i%qgIrs%%coq{?j%ﬁ)?tdévﬂ:g %O including an

encapsulant 210 over bonding wire 106. Encapsulant 210 also covers the connection

points between bonding wire 106 and each of semiconductor element 104 and
leadframe contact 102a. In other respects, the elements illustrated in Figure 2 are very
similar to those illustrated and described above with respect to Figure 1.

Figure 3 is a perspective view of a conventional semiconductor device 100,
similar to the device illustrated in Figure 1. Semiconductor element 104 is illustrated
mounted on leadframe 102. A plurality of bonding wires 106 provide interconnection
between semiconductor element 104 and corresponding leadframe contacts 102a.
Overmold 108 (partially cut away in Figure 3) is provided over semiconductor
element 104 and bonding wires 106. ‘
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Overnold 108 (partially cut away in Figure 3) is
provi ded over sem conductor el enent 104 and bondi ng
WORM0eH4120%6. - 2 - Various probl ens have been f oReUs2004/018000
t he conventional sem conductor device configurations
illustrated in Figures 1-3. As provided above, during
fabrication and novenent of the seni conductor devi ces,
bondi ng wires 106 nay be becone | oose (i.e., open
circuit) at one of the connection points 51i.e., at
seniveoindsiotakieras baemnbeendidund in dedfonyartianghsericondgigr device
conEﬁ’dJrQﬁéns Ads dt?é?t@mn ﬁ@ﬂl‘@snlg3wﬁrseﬁ*o@|9§d %Mvé‘%ﬁn@?atﬁ}ioatlon and

t owar ds eac ot her artlcu ar when over no
m%@mqné oh B $%'C°@%FQ§WVEF%£Q”HQ‘QSW6‘?¥ 106 mayi *%esb‘?ﬁq"ﬁq'gose (Le.,
op&R Aire @t dnel of dRY t@mecﬁb\egemtss(smeSatagemu@ﬁfducw Iewrme;nt 104 or

bl t d
e e orAca) SuPEe st HdE ey PR OB AR RS £E sway)
towards rRatie attercpartiogbdy wienoveymold 198ri$ epplifuc tthereby Creatlng short
cirgﬁ}@ HERY sepahc%%guétgpﬁé\ﬁéé ' %s@h&ru‘éggpé BQ’%lCﬂI%ﬁYé)‘i'oBlé‘matlc in view

ct1ve components W t hi sem conduct or

of ghesdgsitertg deﬁremsg leg snn@ﬁm%lt:@ncm@or&%tcgs 4pfl tggrorresponding

debifd tcﬁm&éatsé' coﬂ?ﬂﬁ:‘é& ey BNBerdicendirtdr dacat). yTIRasedetication
in ultrafine B %h wi r ebonded deyi ces

shQibeARINgE reriudt | tive cwagn%s llrbmlc%q%gqubgf resulting in
hid el nAiFadigrise bhsto and pb @t retlaiitye SThepaptoderhaatey pavkichiarty

ev@@%@?ﬁgt{:w ﬁ%%ﬁtdc oev\(%é ?%g%ga?ﬂgg’él‘@e& desirable to provide
impfoveHenghhbds oafabrlcatmgaﬂmemﬂplcmrweémmamwarbf thhéeSpect to
ulsirReAteh uo.\t@cwge@ deficf®t hod of packaging a

sem conduct or device including a plurality of elenents

i s provided. The nmesh@MaRPGRUAESINMENTIORY an
insulative material to at |east a portion of the

S emmmm trcéed/éfi@@ncnw ef f.het ;hﬁ)ri dt Uh ahi e\xemmtrgz feivédodiment of
udes nsul ati vgﬁgart cl es havin

the FERBE TR Sy BB kel ST LB Gy e mclucing 2
plyralityi afiehgménts dés pronidedt iThe rbethoe énrcludes applyinenas insTilegive material

to%? éggga%gﬁt?o ano?qgﬁn&%b& Eaﬁc ﬁb%‘t#rﬁyr\]é’ﬁ\sgﬂti% hlterial includes

her exenp
ingulativernarticloehevios a diargeler é@ﬁﬂ@rc&h@ﬁ adean eetwiesn paRgeRfeepnductors

pra—\h§ nd SHleFQMAESIRN bARYLS the é]@llnléﬂﬁ%s PhePhdtrRldi 4150 Plludes curing the
sem conduct or el enents, and a plurality of conductors

'n%#“ﬁ{)’ed?“ﬁ@”@hterconnectl on between the plurali ty of

duct I t Th d d
TR 4 AN PRRY ST Aty ARG oRah ey
sepédondattes dbeive isgpravidedn®he semitahtestot thanceamglapest)eW\Eehty of

seﬁ\g(%o?raﬁg‘{o QG erid, %nlaea QBMWBPE&dum‘? bﬂnﬁlm ﬁt_‘{ |n\f§rconnectl

covers ’'a ortion 0 ur al
betwertudeqrlgraliBRYERMIESCRERT tErHEh@Rﬂwqq@JEsz@ﬁwl%ﬁ 7'50

m&ﬁﬁlé%dér{fﬁeat%t@é niadt&ridl G P hsiatile BEHARSHAVIRa Watikter smaller
reference to
than a gap between adJacent ones of the conductors. The insulative material covers at

least a portion of the plurality of conductors.
BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention will be described with reference to the
drawings, of which:

Figure 1 is a cut away side view of an interconnection between elements in a

prior art semiconductor device;
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drawi ngs, of which: Figure 1 is a cut away side view

of an interconnection between elenents in a prior art
wgaesmsoenguct or device;- 3 - Figure 2 is a cut POERYSHE0He18000

vi ew of an encapsul ated i nterconnecti on between

elements in a prior art sem conductor device; Figure 3

is a perspective view of a plairality of

i nt erconnections between elenments in a prior art

sem conduct or device; Figures 4(a) through 4(c) are

i || Fguraiipasubhwehside view olian edcapsnidtrst iptercomnegtion between

] a) through 5(c) are

eleﬁﬁﬂlﬁgﬁ\p PﬁBPErt ?Hlé‘o‘?‘ldugﬂgglﬁé\ﬁcé( ) gh 5(c)

1 ons of steps for separating shorted

con%@ﬁ@ BSs brbeesp%em@ﬂe&mtaqﬂueﬂw SfantdicsHreetisis@ween
an exe nt of the pr esent inventi on;

e'@“%’lﬁ? o %pf'gn‘grtﬁéﬁ'%?é'gf'?t\? YIS of an i nsul at ed
t .
dovT B G BrhudR LE e MM ETRN s o R P R B R Raprs n &

semilenpguasedevicelvent i on; Figure 7 is a cut away view of
conduct ors separ at ed by an insulative materi al
acc Gratan &6a)viiroughnd (e arepllestiations of Fiepa forofeprriingrsbodnd

CO%&W&&%IIRQ’SGE{IWdQC&F ld8vife fhadcbrdahkd $ithadr &kndpl&ly driBodiment of

ticle size distribution in an insulative materi al
the pregepiondarfiiwi t h an exenpl ary enbodi ment of t he

present i_nvention;

P Eilirabiing Reriecrie i aci B RSt TecRRb e hetygen gloments
in B Bemidhdueondedré il adcordancewithranesxamiaryrenebadtipeat of the present
inv%ﬁ??gj nment of the present invention; and Figure 10 is

ow diagramillustrating a mnet hod of packagi ng a

SemFgﬁl'Fg 46§ grcug %W‘a%%néwﬁo%ﬁ%&@@@e pékdtBd @? FHRERLY material in

resent |1 nventl on.
acm@ewrwxwelqrwmﬂmnp%ﬂa P'@aemtelavftnt@é‘: of
sel ected enbodi ments of this i nventi ) L 10W, . ,
des&fqWR § nptartdriestetivg & dliemartic G&F&ﬂtr' Pt'% n arb@S“'at'VE
ma&pR4Ias iaat@dahdeabith Ba expmpiaty ambodiotge offthé peesentviaméntiom;
is not limted to the enbodi nents sel ected for
i |1 Urguraiisanoties ohari fllustretihgla Isdica paditle bia¢ diskkibution in an

lns%raq}@eq'ﬁac'teﬁgleip%%%orrdgnge\{rvg f‘n%x@lq%laﬁg eHI:fbldillrﬁ?ntsﬂ’achS pPésent

ed that an
|n\@(ﬂﬁphgélmditl ons and materi aI s descri bed her eafter can
be nodified within the scope of this invention.

usedigvee dPris atflow qlag s WP R R MRtherkof eeclﬁaem&tae%ef?'&mductor

deficB iR acbofddRAMWith & elévblaBsembadiHénbor grRCKagat invention.
sem conduct or devi ces such as integrated circuits,

menory DETAILED DESCRIPTION OF THE INVENTION
Preferred features of selected embodiments of this invention will now be
described with reference to the figures. It will be appreciated that the spirit and scope
of the invention is not limited to the embodiments selected for illustration. Also, it
should be noted that the drawings are not rendered to any particular scale or
proportion. It is contemplated that any of the configurations and materials described
hereafter can be modified within the scope of this invention.

As used herein, the term semiconductor device relates to a broad category of
devices including packaged semiconductor devices such as integrated circuits, memory
devices, BGA (i.e., ball grid array), DSPs (i.e., digital signal processors), QFP (i.e.,
quad-flat package), PBGA (i.e., plastic ball grid array), BOC (board on chip), COB (i.e.,
chip on board), CABGA (chip array ball grid array), and discrete devices (i.e., non-
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devices, BGA (i.e., ball grid array), DSPs (i.e.,

digital signal processors), QFP (i.e., quad-flat
wpawkageyy PBGA (i.e., plastic ball grid arraypCT/BSX804/018000

(board on chip), COB (i.e., chip on board), CABGA

(chip array ball grid array), and discrete devices

(i.e., non- 4 - packaged devi4¢es, may be nore than one

devi ce on one board). Further, the term sem conductor

el ement refers to any portion of a sem conductor
padaged elevices; @l hg nsubsharors devites) optibpard)! Eudhearibe term
se%f%qguﬁgpel‘é%h@%férs t@ta‘ﬁ FRRST ¢ d ¥emic8ndm§orec¥§)ﬁé| #MNuding

esent "imvention rel ates
substiatestdiefy CB@ﬁd'ieﬁéﬁ'WPérs'vebﬁﬂ‘%ﬁ%ﬁdéu?‘icng cert ain

fabrication steps inhg ultrafine
semGehRRIYL @ror@e%e%réqgry qml?pcfé‘ﬁsl?th éil)eg ngéﬁ%li QP/?ntlan re?au:es to
@:@’aﬁﬁb ba&rtling Wires poasamdep duriigt deptair tbaicatdort steps (e.g., overmolding

| evi. rt-circuite
o AP0 S O ey BB, o s
intedop resestto iaHegatingshareickewited konding wisgs (Q:am"mnltaaftme and fine
pngHnggéggn insulative material (e.g., an encapsul ant,
r material, an epoxy resin, etc.) including a

:j‘r;-]‘f 'M’b‘?’é’ sgééﬁcrahpuﬂl'ieq:ﬁfe%nt ||rW%Hl:|aﬁ |ré4@te§&.6 ttlhéibﬁﬁllcéﬂo@ and aﬂre of an
organi c partic

mwttvrednatsr'gk (51 e &Pseﬁsv@nbaﬁ P?'?éi“&é antt‘Ef\}\"izlt ﬁP&B@’ﬁV fer?a“r Bc)
in@@aRg Bdelifed distridigiohidf %smlatwbtplawialense(sg:atamrig@rglaetcvmder, silica

pagtgci]%i, qu,])\émsys \)-éqril o%é"'hgﬁ gﬁ,ﬂ' eﬂsﬁgﬂn% %}QH@% Qfowcﬁiﬂ%tfg% the spacing

(e cherfineiamudinafirenspaeing) @stwaenfm@dlnlgtvamsnlg anvirebensedof
sen}?‘ NRH0GoMHERSe. ¢ Fl@éonﬂﬁéf tﬁ@artl CHieAhI4ry- e‘?’nbodlments, the present

ort-crrculted ter the "appl i cation of
ingemsion elatesttp Vecikfating mavemest shbending wme§ é'?f‘tHB% PR gouching (i.e.,

stht[éﬁ%u@é sﬂu@h |tﬁ’5tgaﬂ’ferttﬁélﬁbblitgtloﬂ6ﬂtw iBsulatiV@fiaterial the short-
i nsul ated from one apot her

TR BRRG HEST Ao touebingy g Akt inftate BadRteritdin one
anbttalr bS;‘rltﬁh irsupitioe esateriainatiuding ghé hBumbthpddilqbg;/ Tnfhas been found

th%q%? nir}*? ! hl%rc.eu%ntg tl%t Il?qgthga&?gy %%%?er%ﬂwgqnsulatlve material to
enpanteesitortag rcagmemvals hmpantlpulgdv uBefd! dummt@:tl@é ragalngt short-
cn‘fc@im'ng‘aﬁhh @eﬁélﬁ%blﬁ&tﬂn stép%s('erb tféﬁwslfrgﬁsf&nh@ld}gg process, glob top

roc top encapsulation, etc. addition to
enaawwt@m ﬁ‘@ )eX| sting bonding wire short CI rcuits
processin ul,at.|

th f
mat PRSI0 CURY YT Ut SR Rirf st s Eh ghg Brocessing,
thé lab_plwatlgn ohete lgcm_utlv@l matérgaltshhsltam::yb‘leyum‘s heindatgomide ghort -
.sem conduct or _devjce .0, i ne .ni .
eGP R b b She v g ity ey R fror gevices e,
ulpparine <p|tbialwllryebulmcmennlnom;lmmﬁden'GGQerﬂ' heonethodds paeiguiasly useful
in RRASWSd Qb Ledlid it &B@&&BH VidiG A0FHY @idb%b Qrﬁcapsulatlon of

sem conduct or devi ces, during resin transf
semqmﬂngtoc)fie@é@ﬁ, @OA duEing rre%@\vraeé@r (olging ofA@RIcoRductor devices

(i. bnwcaatthmsmt%lrﬁéﬂeﬁagmub@aﬁt is Sppid afeel iedridatg of the
uct.o t he ul ativ

oS, ShebaE ok RS RS g5 e AL AR S Pt o

the molding of ultra fine pitch wires with high productivity yields, substantially without

a limitation related to wire loop length, wire sweep, or wire droop.

Figures 4(a) through 4(c) illustrate examples of short-circuited bonding wires.
For example, the bonding wires provide interconnection between semiconductor
elements included in a semiconductor device (e.g., as shown in Figures 1-3). Figure
4(a) illustrates adjacent bonding wires 400 and 402. At least one of wires 400 and 402
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the nolding of ultra fine pitch wires with high

productivity yields, substantially w thout a
wo pevspadon rel ated to wire | oop | ength, w re BEEER2000018000

wire droop. Figures 4(a) through 4(c) illustrate

exanpl es of short-circuited bonding wres. For

exanpl e, the bonding w res p*rE)vi de i nterconnection

bet ween sem conductor el enents included in a

sem conductor device (e.g., as shown in Figures 1-3).
ard-slightly bepayowdrtsiste anmeacqrdmuctnomdhwg cikcyieocap® Aheltype of
shéllqg:lrﬁftﬁlt( llllugﬁéttedQH%ngﬁe Wgér? ﬁ ?%Lﬁ‘%eﬁ(@thé (6r l?d’tﬁ) of bonding wires

t owar ds as such

408170FH A0, Is BaNE towAEdk e oFRer ¢ e G &IRPEE Qich i known as a

tamdénw.atgrﬂiregrdu& Figure 4(a) may occur when either (or
bot h) of bonding wires 400 and 402 is bent towards the

ot hesigurd B(15) itlyqeated agjaoertt bond gl wiréss4hawvh406. Bonding wire 406 is

k'%&ﬁgg@%%g%% Q%Lsﬁjnorl rcgljttﬂﬁurs %gﬂﬁ%%ﬁ(% AJeHéJJrﬁ&?éf le)%'ldlng wire
40Bsanidi atjsmnt hontiag wirectD4. dTtihbrre afisheuidrceit Eukrovieas@ kinked

hbR&ikijpked portion of bonding wire 406 and adjacent
s% djéng wire 404. This type of short circuit is known

23 gzcl:déjrl{tg hgéér:gﬁfa&ﬁ?cggéér%gogdﬂgrv?re%(éﬂ% arld 48d.r @hesor both) of
DoBBA HEF It BS i e oG E Hp o RER 48 St g bonding
wuﬁﬁdﬂr%SarﬁudD |s('a|’rlﬁn@éd bandp ofthe othsr diOlB:)raimd; Wit6s #88 and 410. This
LRIy KOS LYl a5 408 and

v qqﬂafg@tt rcoltuhﬁt#(%)flllﬁ%tﬁé{&%sméﬁﬁ)j '3 Q\Hgﬂ"ng%%)‘lort circuit

illus ort circu
bepreaneediacaiit fopding Waredion g sml@@d@f:toa dgélﬁ@c iR t5éﬁ) illustrates

adge%\éhgﬁomﬁb%mr@s 86@hnd |5|0§StEfo%Hﬁ@ \@l@ésaménJJQOﬂ'aﬂgser-%ﬁrcwted
Bondi n VV| res

withhesispectitp Q0P PRAENRT { P%agk?@c'io% D 5otk tatest et desgfibed above with
reépé@atd H@u@fﬁl()a) agntdpsuliht 304 taabderd eppitedtedhattasneuited honding

SRRl d Lk B SRR 0BRGP cxpoes
hei‘ein):oigerrcapﬁ(la)t 504 is zdp'etﬁedrtywaxﬂsmlﬁhl(nasbonﬂlrﬂg wices 30Q preg 502

ﬁ&,f etk hRLEL MocHioreBsaPSuUl ant 504 is directed
ds pushing bonding wires 500 and 502 together, as

g r@%(ls”')t inh ek %t%dmglﬁ%sescﬁi Md 563 u&itrrﬂteec@ be short-
t hat bonding w res 500 2 continue t

d 50
cirgyigd With cespeeltoafnePnoiRge SOWEYETD ﬁ@ca&ﬁaiaﬁego‘* ﬁsaé%%fed the
m&BaaPShadngdl 4f B@éh SFOORHRTY Wikes BE) ard sgz dfustraeed iarfigure 5(b).

Fu%{h&ﬁ?e&n%a%ﬁlan%%% Fav&igﬁ é?ﬁgﬂ}ﬁ’g?ﬁa?%’%ﬁf { é’g%fg@g ﬁgrticnas) that are
indludsd iatdncepspdarttisOhdmtyeergbonding iwiras pAP ENd1562) Fiohzxample,
méJ]é(‘}k\%g%Qtl{:_lQ 58@%%9%%@@[‘ nsuﬁe%%ﬂﬁo%ﬂdma I‘é%%d@ 5@@5@99\ Figure

ative partirc been

5(@},aqmt|@éarhe@rwammﬂ1er@ow m@glté;@m%ﬁmbmg w'rﬁ aePénd 502 at

Ioc%@@é Soﬁar'ItHeCdébﬂlé O)b’foh%"@f éjﬁzabzﬂﬂar&mlmtls PloivCattihg Relsvpf8ate bonding
bondi ng wires

wires 500 gnd 502, as shown at Iocatlon 508 in Figure 5(b); however, as the capillary

force of encapsulant 504 proceeds from the bottom to the top of Figure 5(b), bonding

wires 500 and 502 are being drawn towards one another at location 510.

Figure 5(c) illustrates encapsulant 504 fully covering the illustrated portions of
bonding wires 500 and 502. Insulative particle 506 has been drawn into position 501,
and has alleviated the short circuit between bonding wires 500 and 502. For example,
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| ocati on 501. The capillary force of encapsul ant 504

IS now acting to separate bonding wres 500 and 502,
w@sgoosioonemo at | ocati on 508 in Figure 5(b); howeRET/USHS4/018000

the capillary force of encapsul ant 504 proceeds from
. the bottomto the top of Figure 5(b), bonding wres

500 and 502 are being drawn t@wards one anot her at

| ocation 510. Figure 5(c) illustrates encapsul ant 504

fully covering the illustrated portions of bondin
inspiatiye HB00cle 86 O, havieshdeatdrewn priptrosition504 thesdhdbp relaxation of
boRGRYRyitdL SHPAR §%orihéi%i>y sé@gn@ﬁ*fel@*ésﬁe\!ét%eéauﬂﬂ?uﬁh%sﬁtlon

clrcult between nding W res” 500 and 502.
exanmRkérdingro- cei*t'éﬁﬂé@ehﬁ%n@@rdaté? téhrieRfed@iyh H?élﬁreb@ﬁtﬂnventlon, it

SE et R T D
teristarpeihieVis gstiliel mbteriah(ipdsdibg tie indalative ipactidies)cetidratincuits
beF negeg]L cen%lbtogﬁlhg v@gegﬁﬁ gfzgrﬁr%geﬂaé E‘I [?E(? §8‘20V%fnt e cases Further,
it masalneemrﬂe@qrgmnedwéwactam mealngdsfdmi@edmr@u raf%léétr@'@ﬁlyl S@lﬁcessful at
reﬂBVIBBQ ’aﬂ% k&t CRE BEddlondindClivell gt BRy urd ak’éﬁt addPsomewhat

ort circuits between ad] acent bon

leaﬁnﬁUé@eSﬁ@y (e e pesgeTful gt (5 @00g Sinked he shguted bonding
WIEQT(UQ‘?T Fi LIFe a3) &ﬁﬁﬂlgﬁ@tcﬁbéﬁeﬂ%ﬁottfbﬂ‘ﬁ:u"té‘rﬁbmuh@dm'es (e.g., Figure

o> SR S SEAf S RSPRG0S hmes an
evein gma&eﬂéa):éntagm)dof%nﬂvdnamtd; emsbs me@sﬁmﬂhz(ﬂg&he;eq:hrﬂques
ssful) at renoving ki nked short ted
d'sg%sgd%gpe\?mﬁres (e.qg., Fi gureg4(b))ean3 glrghlcg/rg%sged
ShorFtu 'eF S th%%‘ﬂﬁlnﬁgNl\“ésrﬁ% d&n8d (el ,%léﬁnéf(:!éﬁ}led) prlor to

Regar d ess of of Short cirfcuit OXi Ly
apeb%t'pamﬁ th istilatiue matEridyan eg%afe@fterﬁ&r%ﬁg%ggﬁswt circulted
bohBPgtwifds kY be ceABctg. renmoved utilizing the techni ques

di scl osed herein. Further still, if the bonding wres

ar e Ridugangeiudteatgs a cpt aBE%ISIdbe/mvedﬂ sgmicanductor device 600 in

acafgg?cgeifa\}vis g O%thg) r\6]e %ﬁ Inj}en% omeeweglent lﬁOerﬁ}éo%n Semlconductor

rt circul
devriey 660 mdudweedcorﬁiugwelesne:ntlﬁwt(reaa e8 dae)dmurstﬂmans!ﬁﬂframe

so‘i' %%&aﬁﬁ%m ggg%ﬁ&wtmdag.ln%ﬁt 6689 nidy @e%enﬁl@ects I drins02

ary efbodi nent pr esent |1 nvention.
usESrAM aAhAseorBaNTIoCEIre0B0G REVifFaStesatANesHRIL Betieen semiconductor

eleﬁh@rﬁﬁfm WIeG@frﬂ'_ne cOntAt®) 60U NBetbreQivelhaldf 60B1E apPhad to the
or

e BAAPPETD B! SP i Sa AR aER 08! CBA v 2 PBL GaEon of

boaﬁm‘glvdees 606 Earexaatiplenndudtiveanateeial 600 chaytherappliedidnthe top

sur gce gln?eml gngurC r eledﬁqmtaéb% 6 Z?Te éﬁf 05 Wegémlg%dsqnggses and

evi ce
dls!cppluuee @nt® b@rltbngjwes: €060 Adt@v*@tlvaly, irtsabtlva myserialP6onay be

dnggfd])d n’g& égf‘ {o%ngﬁ)@ |Fé§'6(@(afmh%tlvé %{E%I'G‘O% inAL&&d Asulative

he top surface of sem conductor
pagliderotict éb@rw'(' @ ﬁlgured@e<ee®4'f"'<:%lﬁafttc+?é9 BFFTEROl Ry g gliameter
thatid 1&shah lbwe §<§3a%’ctdh mw@emgdj&cér&%cﬁﬁ&g wWiréee0@t ivelah an
i.nsul at i etmater 9 60 a¥
embodlment of the presen nventlon ter msulatlve material 606 is applied to the
device, the insulative particles distribute between adjacent bonding wires 606, thereby

providing insulated separation for reducing, preventing, or alleviating short-circuiting.

Insulative material 610 may be, for example, a polymer material such as an
epoxy resin encapsulant material. Additionally, according to an exemplary embodiment
of the present invention, the insulative particles distributed in insulative material 606
have a mean particle size of approximately 4.1 pm, a median particle size of 4.5 pm,
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directly applied to bonding wires 606. I|nsulative
materi al 606 includes insulative particles (not shown
WO pookiogzee 6) (e.g., silica particles) preferabtTUs2004/018000
having a dianmeter that is | ess than the separation
bet ween adj acent bonding wires 606. | n such an
enbodi ment of the present i nvéntion, after insulative
material 606 is applied to the device, the insulative
particles distribute between adjacent bonding wres
an@@@natilreme pgrtjsieosizalpip s ulhese inssisiveanaraeles may be, for example,
spﬁ@rq}érélﬁ& Hrepuenting, or alleviating short-circuiting.

I nsu atlve material 610 may be, for exanple, a pol yner

mat ghb FhsufHRR AsteRBl .gra@gagnéﬁudh ®Re &nﬁaglaamcdmy ehatalllows for the
Addi ti onal ||¥t|e acc

o0 an
eDetiph G5 AR RO FTUIE (4GS PRL A1 PRS LIS Ggely Msufitive
paﬁtidie‘srmbvé petwiern ithe bbadihy evineat dhe alesig6/istasity eelatesat least

paH:aa Igl{ ﬁq tZ'n S&esgnoéls%?ggrq)férﬂ's%r%m’re%f %hénn’su@tlog%aqgnaltiand the type

maxi1 mum
of mszbtlaé narerial. digeaser utizad afpyexgaplei a @S)mwwnmeéatur@rthe

ws@é@fmlng\r b%%@\&é&@io 8bb lahd 3Badd @nﬁﬁmsg %ehr!ﬁé-ﬂe%édV eI‘he viscosity

'S eSI ed such that it as a vl scosit

may heursiured by ﬁéa%medf‘ﬂdﬁ“‘tﬂ‘ makeriah aRAARr the é%mICPPé%FOF “evice.

f d f wh

par FIES ALt BUEVAlsT CHETGURN REE AP b B4 d2eFor
exarlnleQSDh(y‘ng @\Pnais@m6aal70$t£amtl 08k tpravity inté@ohhextide diegmeen a
se@hcggﬁg/%gr IF ! g?ﬁ&ts%5®n9£ gﬁ?e ??gh’& ?éa'd\"r%ﬂ?{%o%’&éc@é woqgﬂown in

ulathve nma I Spenser
Figeoe 7@ iaasemjcoatuctondeviesrpsulative matthmlvllgcléﬂrwdﬁ?ﬁh@crb@ at least

@ﬁ&&\‘?SPbJ& rQ&M@QQO@Q Sﬁﬁlbbgé" %?tﬁ@@)fén%@r@eérﬁ%&lment of the

ewscosmly be 'r'educed l% heating the insulativ
prosenbinvaNtiem s teran Sie dntisieEVe qiFtal 71 'PF'z;je?-‘em?U'at'Ve

paktﬁ:lé/@éadsaw iNSLBAYiIVRf bda@B ey b £Garldt df diFpént sided, and

ool b Rt RSB o 8t Bl MdReonang
wils€Brnt be(tW@én bbpde MrlreFMﬁarand?zOEﬂndtHeelasnIalavmbeaﬂstchsnesse into a
%985 be érﬁ?féng lﬁf)ﬁd]@é %s&%ﬁ%ﬂaﬁ@%gﬂmgoénr%%}%&Qtablllty and

WellPa eri a 'S across at [ east
Insqmld;a’ctomdwtweerbédﬂar:wg beindiwg Wiglsa, 706b, and 706c. | n the

exenpl ary enbodi nent of the s present invention

i || Fgurg/diustrptes g gissance “dis tﬁpa@w&mﬁ@t@nr%{rtwterdlstance (i.e.,

pltblﬁ'f:lbétdﬁén 'bBﬁ@‘lh?twmé% MEEdn@ ﬂ%’of db??ﬁmer,'rﬂ'l@qﬂeﬂﬁmhﬁﬁ%t\é@ a distance

. ariety of differ Si an .

dp R rRsenlng oipedna e heiing, wiret £04a,3hd 78sp £ Rcording to an
exédinplady embod et rof ddk pesartt ibeeardiong tiva meela(nee Qratetisd trovgelpe applied

to gﬂ:ra%ne |’é%r nZQ)ge\%S semg%qc{u&d?edeklgﬁ %Ell X{anﬂg@d&stance dlin

'S er In 1 0oNn ween ad] acent
sugh aelgwce rmea»elbg/amrovurrmtﬁlg ﬁmmmé@sfs@%msrweaﬂﬁdn Such a device

mé)nt? ?é%?ﬁné%@&‘é@ﬁﬂ\n%ﬂl@s%erﬁy &%Oﬂir{bgm%lEﬁ\?e miak&liH €e.4., with

ates a st ance " resenting
inselativerbends disRped dharei @Eross ok eashp Pemonb%‘t%@ﬁ"dmg wires, the

imPRIVEH %n?ln@ﬁ/ﬁrg%ﬁlllﬁsnéinﬂ%blau&hl of bR prebérUineention may be applied
ra

N R SR

and d2.

It has been found that by fabricating semiconductor devices according to the
methods described herein, conductor density (i.e., bonding wire density) within a
semiconductor device may be increased, desirably resulting in a semiconductor device

of decreased size or increased space efficiency.
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exenpl ary enbodi nent of the present invention, the

insulative material may be applied 5 to ultrafine
w@Rraosi4t2ondi ng wi red sem conduct or devi ces. FOPCT/US2004/018000

exanpl e, distance dl in such a device may be

approximately 35 mmor |ess, and distance d2 in such a

devi ce nmay be approximately -1&-nm or |ess. By

providing insulative material (e.g., with insulative

beads di spersed therein) across at Ieast a portion of

t he Therinkutagive paaticles/headniprloded irothed nsigdative eatariab tilizeg
ac@cﬂ'glnlgt o faﬁBfJéJ@xé?ﬁﬁltaHﬁelﬂ gﬁ%btd mﬁgtp'r@é%nffﬁ%ehﬁoﬁﬂmy' any of a

Ine pitch w re sem conduct or devi ces
Ut o8 Hkfep of KISulESIVE GaTiRIeR, ot EXaEIPIS e #articles Mg Be constructed

of RefRaffMEndriRRdr, Bhe nabibtié@bbitidlcsanay bo dE ¢a19Tngl§pes Baving
accordi n%nc‘o t he net hods descri bed herein, conductor

Vaﬂ‘@ﬂ%?‘?? ghaPeSondi ng wire denS| ty) within a
sem ctar, de . .
resulq | %% ﬁl bar c ?ﬁ%gl(l)n I)étlﬁg ?r@ﬁaqgfpagtgcﬁcér éggé é‘Partlcle size
dlameuen)cdlsta@edos patmo érstmcnssalmaylllerss(e-g TR 1) rvsed & py énsulative
meE)c@Fl%l' e@c@r%/ Read é%b‘lgﬂﬂemﬂo&m@nt Gfsﬂﬁleaéréé/é?\t Wéﬁ"tlbﬁ' In the

i zed according to varlous_ exenp odi ments of

exemglasy disehutionestrased Hafiggee %lrr;b'eéf"ca ‘"ynFEﬁfBé'F sige hapge gange from

ap9f'o>dnﬂ§t!éi\,a® Josen I&?drtsl t@'a%%rox’r_rﬁéteﬂ,b(@.mhﬁrortsh GFL@ﬂTeH t]rlleQ:Bstrlbutlon of
onstructe Furt h

SRS & B P A PPt A5 1) B gbRiginately 20
mi¢aingi Myey-ads ofittek Isdramaet of Figyue 8 iBustsates theer parbentage of each size

or L3¢ GAIING P PURCDS BuliR Lol e size (e

€ sl ze fibution of two distinct

si li1¢a sﬁllcg lFRER cgl"%r@d’ln Figrd 8%99 p\*d’i/eﬂrto'ldésdﬂrﬁ&dlé(ﬁy useful when

material according to an exenplary enpodi nent of

t he
iSPeESBE It RSMIAL R M3teHoEHE donGRPpY KPS M LSRR B3 L GATEaIn exemplary
erﬁdeHﬁéﬁt@to‘?%é Presk@ih@ertiont MheSihdivRidaPdip@ibutioh ®f Shezsllica diameter

sS.ran r oxi mat e 05 mgcrons to
SizRg B0 e PPy e el R e aRaRe ke TR el siiteripan 24
miafons) ILJl%laﬂe leas tharl B4 miidrendaatigreatargban fléamicrons, 4.0% are less

thzrﬁggo l%ws %ln?ﬁ g?%aate hcarno?mﬁc% ﬁ&%%@%%s%ltﬁgn Tz%lgﬁﬁs and

X S O ar c ustra
gredter pianofémlqges,dfz 8%cdredessdhan 8erak§rpn§far1dr&re§ﬁer tl@n q microns,

352@% atk ldss@h#n Bahickds&hd %E@ce?tﬂdncﬁn"flérjoh@ﬁ .§9P4eq8sd than 3

ure 8 have proven to articularly useful

wh
m@r%@,ng@gewef Fﬁaﬁ\ 2 RYenCasi l\pegrlpaqréll¢s§|t§arc e ralcro%g,egnreater than 1

mi{cﬁﬂsﬂ? .096 Ry réss teart D nfieoh&bid gr@n&? taéndoemhodgnerarm DH% are less
resent ven ual |1 ST F.

o d- D and et Weo DaReie; HodSyidsl Gipithligh of the siica

dimhktiee aizde&irghatym of dphedcdl silisa dedigrated giliea2ds: 0Yaare 24eater than

o.?“ﬁ%.%[ﬂg; 0. %% a/Pe%Ss {rgi%soﬁ Erﬂ{:‘rgﬁg p};}é?&lﬁr A3 HESRLRhs, 7.03% are

m Crons an
lesgrtban k5 manaandrgtae@mthan@ Higrend, SsE3%ragA lass than 0.45 microns

an@&é&@?tl@dﬁdo Q rgfc?cﬁffseﬁzté?%ar% IEEsCfIﬁHSO 4 Ffic@Hs Ana dr@étér than 0.35
m_crons and %reater gﬂm crons,

IS, § RARTGOTH (B OHSTEh IS GHERTORnd BERFLS PR bR 6N CTpgs Gbg-33% are
le&tBah €35 IitednSBand greater than 0.3 microns, 9.33% are less than 0.3 microns

and greater than 0.25 microns, 5.83% are less than 0.25 microns and greater than 0.2
microns, 4.33% are less than 0.2 microns and greater than 0.15 microns, 5.83% are
less than 0.15 microns and greater than 0.1 microns, 5.93% are less than 0.1 microns
and greater than 0.09 microns, 5.53% are less than 0.09 microns and greater than
0.08 microns, 4.93% are less than 0.08 microns and greater than 0.07 microns, 1.73%
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m crons and greater than 2 mcrons, 12.5% are | ess

than 2 mcrons and greater than 1 mcrons, 7.0% are
woe®s/ostzan 1 nmicrons and greater than 0.5 m cr POEUSZ04018000

2.0%are less than 0.5 mcrons and greater than O

m crons. The individual distribution of the silica 5

di aneter sizes for the type of -spherical silica

designated silica 2 is: 0%are greater than 0.6

mcrons, 0.5%are less than 0.6 mcrons and greater
are kesa titars0.8V anisrans andoBeater éhare@ O6trhigreng. 8ndDcildh araleds than
0.86 fAdBR. than 0.45 microns, 9.13%are |ess than 0.45

m crons and greater than 0.4 mcrons, 12.83%are |ess

t hamsGrdviae & 5&5\&3 mlaﬂfvéada%clésh@ﬁg stﬁéa ﬁhﬁtrdé@ of ¥3ryfidhypes

re | ess than m cr.ons an
ang;sizeg faay H%”@Sﬁ? 'Hraé‘ igsylatve Fﬁ&%{%ba%”?ﬁ’% F%ﬁ%‘ga'ﬂoexemp'ary
entfcelrherts ioh e PreSemt iavantion. Fod d%ample, tiessilitehanishriBu tion of

pa?%c% orggﬁ gn qrui%c‘]e ﬁkt‘ﬁrth% r},ﬁi@a 9 cﬁ&n@hﬁ&? 815 %a r@cl%g %Iﬁ ﬁi gﬁj;?dlment

10gpartd efdbe slhaan lmlsz:rlhvmmn%paarhdeg fseabxed WIﬂah partﬁ@f the type silica 2
dlﬁhﬁﬁtﬁmﬁof parGded, aA‘Balr %ﬁﬁtﬁlnﬁﬂﬂagn&@hé@ﬁz ti@0diz8 fRtiBltion of

mcrons, 5.93%are less than 0.1 m crons and
sugf édﬁ'éF”r?Hd?TOWdE@'ﬂf'éP%% 5.53%are | ess than 0.09
m cr r thapn. 5 Q0,0
ecaneraddugaiay Brus i e EPee dren o AnRraraRg o
spﬂaer?c%q/csm@a Hlusirated @s Figuhan i€:. 0% rare QMeleumdngMemiceonst, l0s85% are

less’ tggn ?4 Ig%%s a%gdgh l']%é{./ﬁa%r e I Ln I.éaﬁl?"% aqg Iggsciflgﬁ 16'01’ﬁ|crons and

provi
grpatet thainel migfronaa By8 394G arg fess thardléunzl@@nﬁayd Iseeatex ani §microns,
9.88% 'ané %setthé/r??fmwneaéndagq@%mm & Mi&Bhs, azmss%%reh@srsxthan 6

odi ment present 1 nvention. For exanpl e,
migTane @ad BreAtst Bt MBFOBS, 1hg3%aredessdhame micksg wdtsﬁeatef than

2 ﬁnliteofgs lol &8y, %{%Ie‘sb ttha 2 ineiBrodk aﬂargPéatblemanH mk;@a@s 5.5% are less
e odl nent , art.s o t he si 1 Str ut

th@%mitfwew@g g SRedlet i o es S 3B A B | Plons and

grehtst thalpul. b omiciahs paniiark dsss thabars mitaons arld gisbtetthag 0.45

m&?}%ssﬁ 96%% ésgltiﬁ_ar?bztl% rgﬁc?‘&{il%gérggtewtwga ﬁl%ﬁ%%rfare less

distribution
thayf 0t4hl@l0$¢ﬂ3 aul @neatmttban §i3bamicrens, BHIS ariedess dapf0.35 microns and

greRBRIHa0A. 3 Phiblond, b l1bUsE I@k®Far B.3in@6s Shd §reag-:4)tﬁél$0 25

greater than 24 mcrons 0.85% are less t

ha
m'ﬁf"é‘ﬁoh@%ﬂﬁ% lege dhare P- 2onmierats aRd9TEAET t@am@% f&f%onseé 0 are less
th&éharn ﬂqﬁcrénscarmwgreaféi taa@etﬁ mtch@rrs 13 9nerieststhal. cBﬁﬁ/mamns and

I t 12 h 8
areet 1D oo O e TosaT et Dok DI LS ReRey ghan 008
mi2bnSAYR28&r arel lesssthishadn0% rmtronsasd grehtgrthat €08 hecroBs, 1.14 are less

th%gao%gﬁlcrén% gn%o/@rgggél thEw thﬂglcﬁ%rﬁgﬁr@g\% l@é%dthgﬁ%'?%lcrons and

m crons ar e n 2 mcrons and
greptenthan @.AEUMIgrons.cP.Orsire Essdhan 8.6 rmissonstand greatesthars 0.5

midRFhs 5 SROR arkhadt hafl 0TS FREHeRs.3- 16% are less than 0.6
m crons and greater than 0.5 mcrons, 2.11 are |ess

t hant Radbearcfoand tnétothgra@@n@mohrwranGnAﬁatmecmem;al 3c@Bding to the
prgﬁregw}: H]?{é%tléﬂ %n%qrgcﬁg& us&ufc’ln proteg{m Bgl‘rldlltlg ewres nf'semlconductor
packages from wire sweep during fabrication (e.g., during the overmolding process
after application of the insulative material), where the length to diameter ratio of the
longest bonding wires is greater than 250. In certain embodiments, the process
includes dispensing the insulative material (e.g., while the semiconductor device is still
on the wirebonding machine), and thereafter a period of time is provided for the

material to flow. The flow time can be, for example, from two to 50 seconds (and more
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than 0.4 mcrons and greater than 0.35 m crons, 3.08
are less than 0.35 mcrons and greater than 0.3
woR@son99 2. 15 are | ess than 0.3 m crons and gPERUS2004/018000
than 0.25 mcrons, 1.35 are less than 0.25 mcrons and
greater than 0.2 mcrons, 1.0 are less than 0.2
m crons and greater than 0.130m crons, 1.35 are |ess
than 0.15 mcrons and greater than 0.1 microns, 1.37
are less than 0.1 mcrons and greater than 0.09
spedificalip betviecds7 ane 26 sesondshdeperBiingrpr sevesalxgendiionstseeh as size of
thd E@rﬂlcgn%&] &JV%S termperduit ©f Ef?esscerﬁlhf\ﬁh&t&ajemc‘ér eap&atlire of the

reat er m Ccrons, . are

insWatMerBaterid @re"@t @ﬁpqnsms @n%hWe@%%of te Gondiciors giaviding
inteRRANEctR Ntk 8IS tHREleBieRR} thePéla’ﬂér,Oth% iRdUtAtDRSmatdil @ured

I . .
s SO AR Tl R etiaary o e BT Rora 00 B A etign
the Ae $§$ge%helgﬁ1nﬁ:hggp|%l§capgﬁ to|‘ &%‘ lﬁglﬂgtl\%sﬁ'l Héni nncludlng insulative

prote
paftiaian ofispecifowiags and Awantitidsris ealtticghrlyelsgful Irdmnrﬁgmg tilee ability of

thé’“‘%ﬁ[mklg e 4196 oW I?eftsv@én QH@Eé;’fa@Eﬂeoﬁh&ft dirfegited bondlng wire

Insul ative material), where th length to di anete
Pajrat FBr Bfanme, IoHbesmesaPHIgNS %‘%C'?%méyé’ﬁt‘@tedttﬂéﬂ in between

th@ﬁ@ndlhg Wire8! FattReendredtHeetype oftrh.alaﬁn@menalr@lwp@lymer resin)
tg enS|n the insul ative matert (&e'wg gﬁllethe

utl @BM&G e e wHPACS ENYPY PFORSEYE, e g

matarly ereppsudartt tb hresadmidecthe 3hperdidit girextantion isdpedvetidadproperties.

for the material to flow The flow tinme can be, for
exarfpl exarhplenthevgsatecof3be dsutatire pasticlestiee-fillep particles) is explicitly

srr%‘ﬂ@lcﬂfan%el gppﬁewﬁ%ﬂ afijaRdt géhcﬁﬁ&%ﬂ*@ﬁ)alﬂie Q%@geﬂ‘ﬁh %ecmc sizes

sever al Itions SUC as sl ze sem _conduct or

ang @iypptities @rfﬁwe\tw@ flgp ?ﬁq@egm'@a’ﬁdneﬁeaﬁl dERg teulative
mét@ﬂﬂ%r&bbélﬂaﬁfméﬁﬁe |r£‘;§bliy&!i.uh‘é’cﬁth’f&ﬁ@1’ xdosdid to g UV source of

ra% egqs;_:{n% %(&J%me%mgl td%aét%gﬁebgqﬁlga%d g):[']gﬁ{\g infrared radiation.

Théhestaadd elscloidﬂl&eremwratplaw&:ulmtyelseajl whendhe dnbuletivegnaterial is

apﬁﬁ’%? n%%giﬁ’h{éy BP{}H?{I%QEQF WIre%/o | aatnI Iq/gh %%'gﬂn%mgt ‘ﬁiée lengths

at1on rov erern
ar@pplensta? 30times larper tihﬁsdhetbpv@nmu@rdlemetemcl udi ng
insul ative particles of specific sizes and quantities

i s pareugbuing vegious exqmplafy ¢RpedTents disdosedihareip, Hie pngaent
mVeﬂ&Ht\ @tﬁéWﬁ*oU’t@IE at?égeU%eHnébMdb@ﬁo‘ﬁ@@ﬁ c@s“lﬁhtﬁekb}fgea,t @unner, bondlng
short- ci.rcuj re or
wickaned Bithia G Farek it 1 SRRyt o Shal PR Ffchy e vield of
thdee¢mizendudier devitdis ngalsb reseaded) paréicuiarg withhespegb o pbst-bond

su%ﬂ: Ltﬁ?lgngﬁ m%'ilglrnl‘lg\dméhg 9Io‘3%&ygﬁ"c{ Pgtﬁg’t'nﬂ? t‘ﬂié Llfe?cegf tHeY

FrdUrface
semitondattov deviegsds irdréased akqwsruemtmgcshnﬁx iofifipe pitple, small diameter

WI%BHHed:éé'rﬁMbﬁdLE’E Vc?e@#de@@hr%ﬂgh kRS HEH i8R bOBRS |hblﬂ§tlvé: Rlaterial

exa sca he i nsul ative particles (i
mqwdlneﬁ cgEInatioaHf smellang Intermegiateeire E\SU'@HMﬁ PFFFéC'eéaﬁ&s@ '
sph&%&?glﬂca’lgh@ﬁeaj tcbﬂieCHdW:eVVof @spersiofl dngl cﬁﬁ:ﬁedtlcbm between adjacent
bopﬁlz'ng:\wg%y gﬁgibs?egygﬁ yggutrll o e ||%92Eﬁ anl@ét?vet m%terla?\ele g., on the
wirgbbadeérd lusimgdaas, ub@nsunaey rbdaatmp(tdtrywolet edsibley engyfor infrared),
angm(%ﬁwu%htaoth%r% At B?ocggs. According to an exemplary embodiment of
the present invention, the insulative material, including the combination of small and
intermediate size spherical silica, is applied using an automatic dispensing machine as

soon as is practical after wirebonding.
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radi ation, or to a conbination of UV radiation,

visible radiation, and infrared radi ati on. The net hods
wale@sheored herein are particularly useful whenP€hES2004/018000

insulative material is applied i mediately or shortly

after w rebondi ng, and when the bonding wire | engths

are at least 250 tines |argerllthan the bonding wire

di aneter. Through the various exenplary enbodi nents

di scl osed herein, the present invention may provide

pacKhgetrisg mnddiebing rof dle inseiative matedageay varty dapending upon

‘th@@%oagnélﬂtro?ﬁhe Bﬂagelw ihferftidd Lg:ntﬁéd d?@ﬁé%a\‘nﬂé ﬂﬂe%surllatlve material

connecti ons, | er pad yLe
mayche eeied(aslsd daeva%th%WEFwdﬁheF'@a%a aﬁ%PFP%SHF%Fq yitraviolet
radliatién.r AsEREIgt6 apother bmﬁplﬁbl,bémrnatﬂlmd’rhabﬂthwmesent invention, the

e e ALY r e SR PR BoBer gy Bl A pipoure w0 2
cosﬂudr_ratt’rsmaff ultrandolgt, tvisihle, sared |hfrdr@imatdatlom rPeig_gmldg;jto yet another
ex?ﬁ?uﬁgg?%bgh% rgfu\fglﬁg Plrlto HG&tHP\eOI?%mEhI%ﬂLé mEftQIflaltrﬁfy be

_ udi n I nation o
cueatdg¢!ledatsinaia shesms Eétchrli%@ﬂeﬁﬁl ve particles (e.g.,
spherical silica particles) to the device

di spdedngtatitegmatesiel Mgytiec Wﬁa%saﬁ'aa%@mtgaa'daﬂ%mg
su%t?ﬁﬁ@llyﬁf%eﬂd@%ﬂ%ﬁdt&ﬁﬂldeglu{at ﬁﬁd@elléasﬂgaﬁthﬂy) srasllertthan® the space
eri .J....0n the wrebonder
oefiiSt oacd Ban§ it o A PSS B GiriThpRER ssmigoppuctor device
Inisnth aned)hodanelitpthet éncapgiHant mhteriahmal dectesianed sysh that a specnﬂc
mt%ﬁglw ddu‘?&.&? ﬁ‘ﬂg v@%[@ﬂ%ﬁ{ YisGRedh U&ra@ﬁqlé{}‘%d%‘h@ﬁeﬂ%lble

ﬁt | Oon I NSU Ive mat erl I NC
ra@@h@m,rmd/@rnm&ﬁre;dnﬁrilatlandrapfﬂhegﬁlédarat teast partiafngiesdhe

enchpdufdht rhateARP! Fupthed SinBEharcBHsttRbi thedhSNGN Mterial, and the
nMachi ne as soon as i's practi cal c{eter %{]\n q’hq_‘ag %h |

apfhcatrpﬁeoreeﬁSFﬁeramtﬁasrthgéqqfq BgY 6F deRENEHSYE LAy s the insulative

maeatier is alispdBsedVérity thle pereblomdrduearicdritecindedicarin cowdrs theentire

i le, th
boghgéle"g'h(% Voﬁg?igéoror 3” Otlévz%o@dml?r %Zﬂoeg dltr:ct ly on
the pfebag ethe ll’%umlvg%teﬂgldms% BES eot fh é’r#o&zé/ thln%Er of

radi ati on. f o anot her’ exe
dinsttiontse rmreee,@ﬁmlq, rﬁkresmsu@ﬁvetnweaah A3Y) Q?PP'@%?'@@ kﬂadframe

colBat BSwAHE 8RR Isehi@ndl&aer Weh%@@ﬂﬁ{e &Ym&ﬁﬂiucﬂi?@ewce e.g., a

exposur e to a conbi nati on of aVI o}éﬁ‘[-{) Vi SI
d'*F)nf/N‘éﬁf@at'Yeé\ﬁthF insylatixe magtarial g“f% 9€PP froea %Wé‘ﬁfn F%Wmducmr
el @R ERA ke®icohbector @sedH (. gjlyeﬁtlie)Ctﬁwatda;ea ieadfrh@iki coatact of the

Bl bR R0 o153 e

fraencapstly alpdvertat belioal) thabbrndinghgires Slafbmei‘mSi- ally
spherical silica particles that are, at |east
par tBefbrieyappligaiioneaf theinsutative sprtedialp Sheveasnicany usterdevice is

pr@@%l@ﬂemeﬂeﬁ)r'eQaﬁ\BleUltcS EQEMB@ra@un’e%tM@érﬁb@‘tﬂ@ﬁd 125°C, and more
sem conduct or devi ce. In such

spefifisgiy P antemagr ab Tabetiesn $9°4 é‘é‘F'dﬁ’Q&C S éﬁe ipsulative material

di §é|f|lks)<élslorﬁr@féfﬁaﬁly hemaatdr@aam@red tova\tem@egitlire between 35°C and
stri butl on

o apt mire Serr gl 16 YaPed i beliad sp P g5y Pppeating the

inatlatieanbtqyit tn thieligsudativesmatesial dispenser, it is easier to dispense the
insulative material.

As provided above, the insulative material preferably includes a filler material
including insulative particles. For example, the filler material may be assembled from
combinations of silica with size distributions determined based on various criteria. For
example, the size distribution may be based on the following objectives: (1) to carry
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s encapsul ant material. Further, the characteristics

of the insulative material, and the application
wEe@soseIpar anet ers thereof, may be desi gned sPChUS1981/018000

as the insulative material is dispensed onto the

Wi rebonded sem conductor device, it covers the entire

bonding wire(s), or a portiod2of the bonding wre(s).

Further still, the insulative nmaterial nay be applied

in any of a nunmber of directions. For exanpl e, the
smialissillcatpavigclersintr ihel nareoy spacapekwesh adionerd Hoad thor wife loops,
th&@?jﬂﬁblgg‘m@rbg dift V\hrré?% ﬁe@FfH‘QP&tt‘Pﬂé AlaMeyY., statcﬁﬁlllary

conddct or . Iternatlvey
foreakin provise Mlatiek hl%iﬁ\/@éo%%mtrlé@! isqIaiiAn bFfwjeen adjacent bonding

wnl%gnkﬂoﬁbdf‘é@ﬂférglﬁsb%rﬁﬁrthe PEmbinges 6NMiheaRSIISHIVR maeatial €e.g., polymer)
S a Ie%d I ame

m §67 26 s S BYRLES . AR ReER DL fhe PlosbRaly wepieeve

capabilitigal of théensutetive atlatv.ﬂall,ﬂiﬂ)etd alinitnafly orredenreerith yheafragite wire

Ioogo up% Q) aEQI?caFﬁR% nsu Igﬁvé n%@%lyfﬁ toﬁ’ﬁér&%& the packing

dt'i'oR | ve nater
deBSm Qfotrh@wdtcgrpadgxkisct@ acgle,yp@flgwébT@ qq@a(ﬁé(go pfqypde smooth flowing

cafGHRCor the iy Bl FIRGHALHAE between 50 C and 125C, and
nore speciftic to a tenperature between 80 C and

100 1ge d:raéésb%r ap;sltauﬁgltné mSatatMe rﬁ@c@aén ralay dHchprN@iSferisig of the
al so pref er eat rat,ur

B S5l 7 B6ghe s BBt e SRR HES: device
onttaawﬁreaioutlmgbﬁamm sbéh thatinble d6lidate Byphehthendyirt hending wire are

é%lgaatg‘lg\r/&es%l‘vgé In%Jnehlgtetl gft.étlnéd‘f‘lsﬂu't hePdaflel he wirebonding

I's easl efr pense ‘'t he insul ative
progeselis edmplgke. pr ovi ded above, the insulative materi al
preferably includes a filler material including
i ns Uuathiev stilh4he idigpessing-6f thedagyplive makeral may, O‘??Hf sihilg

suE@éésh@ s@ﬁﬁ&'ﬁbh&gr fEEasare Bt nﬂﬁ*émﬁe@f suthlthaa welbtively quick
e distributions deter n variou

argha Rl HoB AsE MAVTRE SIOBIR SR | F PO ey @ 1t
sehﬁé‘zﬁﬂu@ﬂ@rﬁhﬁcé &l leosiving thédjiretddtivesnatefia) froro tberimsplatitg material

il S
d'%{’&”g%" %Pdgsgﬁﬁ%sgw 'bgfﬁ Iocgbegd/&%\ﬁeed?a%&@egn?%?ﬁgcﬁﬁhmﬁﬂewce is
beltrtgmhrﬂgor\dedeastab@pﬁl'atl@@ (t®, ﬁm'@ét'@'héf EsHipEive (‘@t@"'al B?d
cuﬁpﬁf’q@llldgatngh% Hsh IVE(?n:PcE:HXI{) PayPbd §bﬁfe'ch8|b§6tlhtrgﬁflﬂs€Mﬁdi second

ectrical Isolation ween adj acent bondi ng

sefigastuciogleyiges orx thenamg pireRoRted £hedPiifa; nder of the

| at t .

St aEAS ProvdeR @bBum DR eiatie Thath R bnyoBale B s g ochmmediately
afedr@fdtdbofaing Yot aiidsaimmediadginbfter, tdres sobn bh@raatisall aftarve
t n t

LB il g Tt L AR, e Sl
pemﬁirmleclaaly appBjation df Meakarsdat leestpeskofimgdgahsnergy ekpesite (e.g.,
ulﬁ‘hwbﬁe Ngbfe! Stﬁ'\?ra?éh)ﬁspb?‘éQEérrhél‘Mag\Eproéé’é}. (R} ek@mple, the

provi esnDb ities thelnsulatlve
thﬁgﬂ@lrprgq:ess-qsgd e eredhe msug‘gl‘ypyp@{gnglh@ay ilder (Y xa ramp in

tefipeRituAd; (MY soBhy Perisd ;SRRNE)0rabhp HHON imEdihpdratiee.
material, and curing the insulative material while the

sem Wdﬁb@ér@rngdﬁuar@for feating and dispensing the insulative material
(including the insulative particles) may be provided as a new subsystem added to an

existing wirebonding device, or may be provided as a stand alone system.

Through the various embodiments of the present invention disclosed herein, the
following benefits are achieved: (1) the insulative particles allow the insulative material

to fill in between the bonding wires (which is particularly valuable in a semiconductor
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on the w rebondi ng machi ne, such that the delicate
| oops of the thin bonding wire are stabilized and
woe@sesrzed i nmedi ately after (or shortly ther eB€T/E83004/018000
the wi rebondi ng process is conplete. Further still,
t he di spensing of the insulative material may occur
whi | e successi ve seni conductdsd devi ces are being
wi rebonded, such that a relatively quick and efficient
fabrlcatlon process may be acconplished. For exanple,
dewige lteatautflizes tltadinecritebueirehondingi) £ €2)i & seraisendudter qeyice requiring

sub&%H\{lﬁfS;/el\égs W&ﬁ@'o"f‘l Jo"t%atllp%dl{é?%ﬁéﬂ@pm&{d fﬁHaterlaI is

di spen d subsequently being cured/

Pr%‘éé%@smé%@&f%wc@wc&%’ Cieé“%é’i"?f‘ge e g%rﬁ kagg,synolded
wﬂer%fath‘ﬁlafdnae anda@mal eadtively 10fv dosSednakhtienalidddinglcompound

or §ih Bbiereepitienyaterel G ghasuded 4 BB i e

ovdewoldebe package. sane W rebondi ng apparatus. As provi ded
above, the insulative material/encapsulant is applied
i mratieapelisatiehtsystems usedridifagitats thel vasious efrhediraends gf the

pr@gehgfnveﬂfloﬁ% é%?gn%ﬁacﬁténgﬁje @bt &le JWCR@@H@ Prtbss ab&Inot

automati c di spensi ng nmachi ne),
sueferr ? Fedusspn .lmarngctp\éwflaf thednelysian of t*&ea??rgﬁaB?" pte igfiyative
m&b:uble&%r e&tﬁﬁhpﬂa_f tlﬁ%ldgﬁtlﬂﬂie awbgsof@v(?@@sumolé @nd sensor fusion, the
ravi o Vi si ,
svila e Piseie thB i ondar BRI tng Al R hAGEHR materia
while couc@rertty partoniniig wirebartding aperatigns. niortieke; aftar) application of the
msru%m/e aEe?igP%r %é’ gc a&@é; &_?Eé)s%?oﬂgn@@sr of thng§ Pdsitransfer

| S enS| rreans
mwémm g@batna eacagoggh@pngeucﬁethm&raﬁ b@mc{r@ werﬁéﬁreaprotected from

métidH{HAE hAGe Fé’é@ltéd"ﬁﬂiﬁbﬂ ¥BcRhd bCaBBdentBYndifig Wikl drfls is at least
as a new subsystem added to an exi stl VVI reg(i)zndl n

Pagidd)lycdle fé?rthﬁﬁ% gélogrguhadrusive @?t&ﬁ'a GnEolgjag gapound or
entasuiEgt).t he various enbodi ments of the present
i nvention disclosed herein, the follow ng benefits are '
achireyed:10(id a ftolwedlagns:m diustratinaa ethed obpaakaginger semiconductor

deklllg%l @{rjm%n% t{c?ﬂlg LA ‘fekﬂs of tHe P mvé%nb@&‘éhﬂgd above. At

opsiontlcseRi 40D the mb}ecmamlsen et cl@quusZ beotarltp 4 temperature

beﬁhééﬁﬁs(ﬁ“d §ﬁ’d’ﬁ.‘§‘5@knd G@Jre%p@@ﬂbﬂ@ﬁgléCtteﬂ{peQ&W'é?Between 80°C and

tantially | t
1QQ| gglétrtloggglts‘glésﬁﬂgg%dﬂaéh%Hﬁﬁsﬁgw\é?ﬂ%pn?lgs BP%‘\%B&%{H '53t X dispenser)

to GPRAFRAUR BethREh GEPD WA @5 deand movdispeeifichlly BN iteraperature

K :
o rat Pt 574 O Cot KBy SO Al ED et o resin i
appliedtd aipleestcapartibatof tre semigondilctqrateticadoseparateladjacent bonding
coﬁ8H+t8|r£Et{ﬂEa af&M cgﬁtaldtc‘%q:h é)%ec%?mg?l(pe Qﬁor@%@%‘d) HR insulative

|onsserrBue varil ous
m@ﬁ?bétjunﬁ%lde%lr@ﬂlatlh% ppitislese.g. mmﬂlpaﬁllwawaﬁéd%ﬁéﬂag%oa diameter

snﬁaneﬁwsgw%tﬁé&ﬁ éa%‘ééﬁgtm&f&@ Eﬁcﬁnd?lﬁ’@ﬁ'\té@bnﬁétftfoﬁrbe@/veen the
reduction’in productivit e |nclg3|on of t
elgﬂﬁlpqscabttlsgpp b(?OSt, fhae jinselati ler%aé;erlal is cured. For example, the insulative

material may be cured using any of the techniques disclosed herein such as by utilizing
heat, radiant energy (e.g., ultraviolet radiation, visible radiation, and/or infrared
radiation), and exposure to a thermal process. At optional step 1010, the
semiconductor device is encapsulated with an overmold encapsulant. As such, a

packaged semiconductor device is provided.

It is understood that the various embodiments of the present invention can be
successfully applied to the preservation of the fine bonding wire loops during screen



10

15

o material. For exanple, through the use of software
controls and sensor fusion, the systemcan integrate
wo b@sfoured i ons of di spensing and curing the i nBCI/a8200€018000
material while concurrently perform ng w rebonding
operations. Further, after application of the
insul ative material, as the-pddckagi ng process
continues (e.g., through resin transfer nolding, glob
top encapsul ation, etc.), the fine bonding wires are
primtiog exe tstahchl pointisg epetadians hia finallayercafigncarpulant onto the

se &ﬁkuabpggb&$ng of adjacent bonding wires. This is at
east partially due to the rapid flow of the

I NS UlIeHouY R tlﬁ'@bﬁérséﬁd in(&ntébn hdﬂﬂééh%s@ﬁﬂ'&dq:&ﬁ‘rﬁa@w in relation to an
enca sulant @;10 i S

Lustr.a
ing SR ga e B%iEfR Fhgner ORI BRI e OB o s 8?%@“'“’-‘1
thereté.nvaNeus dtesnatdeciosdave h‘iaerMQmambelu’uMEm bofpng as the material
prg\g gsg Eh%%ecs?rgg \cl:gplll a%ltlgr[‘?# a[%%l t?l{i)s%gn t]irqgn%aet}&é{\%l&é'bén%cétabmty to
thp dondipg CSOdlﬁ;temd 125C and nore speC| fically to a
tenperature between 80 C and 100 C. At optional ste ﬁ
100Althomgh ithe presentiaveRiiasy han beey deseikag Rramarily in kelpgn to the

pAtiaeepeRg) )SIIIEQ p@rttcﬁﬁp fridhef Bmhed Wét& W@l@@%lt&ﬁ%tl\/@%rtlcles or
nmore specif er at

begas FEYER SESRE T P A TTATE b AP TESF (18 Erticigs My dlsperse
begwoxry atljasért)condudiodmsl destted.0 at | east a portion of the
sem conductor device to separate adjacent bonding _
condhitiongh théptesanteinventiambascheeni ctelscm'hmi prioa il rin (relation to curing

op%péﬁqtn If'zﬁﬁﬁ' ﬁe%g)ra -Elﬂ? h&gvl ahd Wraerﬁ@t ﬁl" @isuﬂd‘(il! 14065% limited

I nsu . heri ca [ica
thpeate.i Ma@@l;s @imrn#g\/eacwname@tl%ﬁan%k?e t—'H%ﬁ?da”g'SBQ as the curing
mB@owas Bordfitafamnth GRNSHEEAESINBGIRYE ageridl bemgarneed. on
between the elenments. At step 1008, the insulative
mat eftivall be apprecRted fHat omnmceﬂcambas tasbié atddecto the illustrated

erﬁg%cﬁmggé;d/vnﬁﬁqug dﬁp%rlrslga fll‘JoirH E@e gﬁ |°£ tl’t'llh? vteﬁf QR ﬁ%ﬁ |§ separately

defined gy tHecapgpended tlaams.ol et radi ati on, visible
radi ati on, and/or infrared radiation), and exposure to
a thermal process. At optional step 1010, the
sem conduct or device is encapsulated with an overnol d
encapsul ant. As such, a packaged sem conductor device
is provided. 51 t is understood that the various
enbodi nents of the present invention can be
successfully applied to the preservation of the fine
bondi ng wire | oops during screen- 14 - printing or
stencil printing operations of a final |ayer of
encapsul ant onto the sem conductor device. Although
the present invention has been described primarily in
relation to an insulative nmaterial being a polyner
mat eri al such as an epoxy resin, it is not limted
thereto. Various alternative insulative materials may
be utilized so long as the naterial provides the
desired capillary action, surface tension, insulation
val ue, and stability to



t he bondi ng conductors. Although the present invention
has been described primarily in relation to the
w@anosioel2es being silica particles, it is not |PeT/US04/018000
thereto. Various alternative particles or beads may be
utilized in the insulative material so long as the
particles may disperse betwed® adj acent conductors as
desired. Al though the present invention has been
described primarily in relation to curing operation
Whatiis Cleimgdheat, radi ant energy, and thernal
processing, it is not limted thereto. Various _
al ternatilve cuy MgEhsRfrRackamiag awgmirendyster deea idusting a
pl@alitynst fdmérits, ﬂmetrh@tﬁoa%oﬁ@ﬂgihgttﬁ@gtewgtoh the particul ar
insul ative material being utilized. It will be
aﬁpr eci atapglyirpén oisbiativenditétialad iadmsast arpobgomafighetsemiconductor
the ill.ustrated enbodi pnents. wi u i [ e
el 88 tred PRl PR R P Man o P bR L Bk smaer
thamatdap beppeandetjacdndicasductdrs prowdiag interadnaecetisun between the
i hed,qf packaging a sem conductor device including a
plurality of elenents, the nethod conprising the steps
of : appl LRAg &Mk indaiatioé nRer@t erial to at least a
portion of t%e sem conduct or device, the insulative
mat eri al 2, ncl ughengethbs WF alkiny @ yiedrbincda@Bapislying Gtép includes

dj aneter. sngll er thap. a het ween .adj acent .
apph R CEdr s rateg InE o kAT B B G X g resin.

el enent s;, and r i | af ] [ i . .

met hod of "cl ai-ﬁgf}' é\;\‘ﬁ%g? teafﬁlagﬁtﬁdﬁ@éﬂéﬁfgﬁ%gﬁ@dpsﬁeﬁérlléur@%ss exposing
the pisiulating materialite it daast eneraf vltiayloletneisibéd, mgpddnfrared radiation.

particles and _a polyner resin. 3. The method of claim

1 wher ei f-sai dheupethgd of elgim Acvhirieln eiheyingstendncludes heating
thé fHsUlaRivE VeatEBd IRINdadxpbSingtthd BR6/tI0E ehaRéridl|th @ Vdaat Bhe of

vi si bl e %)\ﬂ‘g,?@]lﬂlfnr ared radjation. 4. The net hod of

ulteqdplRt, 3/ faref @Hate8- st ep i ncl udes heating the
i nsul ati materi al,, and.exposi ng the,insul atjve .
mat eri al \gt?o aﬁﬁéﬂ%qjogﬁgcéfm §|‘?”?"5\9‘|”o StC,UH(‘/ sslkerﬂ 'Q,Clug%sdapplymg a
themial prewss talthetingriatife materiahirchoingod rarhpiumin temeewiture, a soak
in %ﬂgpé}HEdrP,garﬁf§Pad1{§%%f%ﬁ_tém%%!tdw. a thermal process to

Insulative material inc Ing a ranmp up in

tenperat i e, dngQadthbl of BIERE 13k r8in tﬂe\%ﬁauyﬁ@me Getuded
nper at ur e. hod of claim1l e

te ) 6. The et f { 1erein the
apglyH19,/ihednatiatiye meteiable tissleyicagvhaneinithe insyative particles occupy
betidetr 5@hnd 85 parcedEdf GR Wahebntidifsiatwd Alatateal.

particles occupy between 50 and 85 percent of the

vol une of7.t he Thesndthbd vé clath erwiadrein said applying step includes

applying the insulative material to the device wherein the insulative particles have a

el

maximum diameter of 20 microns.

8. The method of claim 1 wherein said applying step includes
applying the insulative material to the device wherein the insulative particles have a

median diameter of approximately 4.5 microns.

9. The method of claim 1 wherein said applying step includes
applying the insulative material to the device wherein the insulative particles have a

mean diameter of approximately 4.1 microns.

10.  The method of claim 1 wherein through said applying step the
insulative particles disperse between adjacent ones of the conductors, thereby

providing insulated separation between the ones of the conductors.



7. The method of claim1 wherein said applying step

i ncl udes applying the insulative material to the
waelewsoe2oher ein the insulative particl es have BCTYHX2001/6M8000

di aneter of 20 microns. 8. The nethod of claim1l

wherein said applying step includes applying the

insul ative material to the deMtcte wherein the

insul ative particles have a nedi an di aneter of

approximately 4.5 mcrons. 9. The nethod of claim1

wherei n sidi.d diwel pethgd of elaim dduddes cemppiising ghe siep of:

insulative material to the device wherein the

i nsul at i Vieapag the sersicpaducter drviae taiadieptreratyfe of between 50 and

12508 HRrdra®hEhppifing skgrons. 10. The nethod of claim 1
wherein through said applying step the insulative

particl esixi sp@estethot \WeeRirAd] REwBE campssing tidistep of:
conductors, thereby providing insul ated separation
bet ween tHeatiogé&se sémiched cborddevicerts .a-tefrperatite offbetween 80 and

1q§géiﬂ’?ﬂ°5*g’fthe°5§ﬂgﬁ“é Jgdy ther conprising the step of:

the onduct or device to a tenperature of

between 5@ angrnkIntthBa o cfirh NErupRBH M&ﬂﬁngﬁ?&e ddp ofhe
met hod of claim1 further conprising the step of:

heati ng tfagting M MRBALELE mAlEY €6 altempefRIREb&IWER 38fand 85 °C
bet ween 80 and 100 C before the applying step. 13. The

befre ABY2BRIYRP SR 1 further conprising the step of:
heating the insul ati ur.e

. eri 0 a tenper at

et ween 35 andEemenE D RETT Hauhr ShrhBraRe e iBp ofne

et h.Od °fr]$8{i§%@i¥ in{swa{:iog a(EQHi'Q?rtb%'tQ&pEmu?é 6%)(“%(31’1 50 and 70 °C

heating the insulatrve matefial to a tenperafture
beffirreieeap@Binarser?0 C before the applying step. 15. The

met hod of claim11 further conprising the step of:

encapsul &5 ng Teanebe ohsire i rteey FUBpPrising thegtepofhod

of claim 15 Whufr ei n sai d encapsul.ating step includes

encapsul &CARFUININISBRISEBIPIEVTPT HeVfte with an

overnol d encapsul ant. 17. The _nethod of claim 1 .

wheroi n sk d- onepahedel gTEded raen it SadeRyating ropgnciudes
enchpsukgingdba dacicnddeter deviee withanglvebnold enveppdantant .

18. The nmethod of claim 1l wherein said applying step

i ncl udes @ppl yihegnethediof slaim tlisweherainesaidagngapsulating step includes

ere SR FRMIURL QEmRloREBAbr REGEL WRRGTI8Stop chbsdudH:! al |y

central "portion of the sem conductor device, such that
the insul@t i verhe method of claim 1 wherein said applying step includes

applying the insulative material to a semiconductor element positioned at a
substantially central portion of the semiconductor device, such that the insulative

material disperses from the semiconductor element onto the plurality of conductors.
19, The method of claim 1 further comprising the step of:

drawing at least one of the insulative particles between adjacent ones of
the conductors, thereby separating the adjacent ones of the conductors, the adjacent
ones of the conductors previously being in contact with one another before said step of

drawing.
20. The method of claim 1 further comprising the step of:

providing a period of time between 2 and 50 seconds for the insulative
material to flow prior to said curing step, the period of time being selected based on at

least one of a size of the semiconductor device, a temperature of the semiconductor



mat eri al di sperses fromthe sem conductor el enent onto
the plurality of conductors. 19. The nmethod of claiml
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of the insulative particles between adjacent ones of
the conductors, thereby separating the adjacent ones
of the conductors, the adjaceht- ones of the conductors
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said step of drawing. 20. The nethod of claim1
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of semicendugtonelenemisdmduct or el ements; a plurality of
conductors providing interconnecti on between said

pl ur al i ty2roipsyatiye Blegereal dicluingringulstive partiaes ivingt dipgneter
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cured by at [east one of ultraviolet, visi bl'e, and

radigtieByr ed radi ati on. 25. The sen1conductor devi ce of
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claim?22 wherein said insulative
26. The semiconductor device of claim 22 wherein said insulative

particles have a maximum diameter of 20 microns.

27. The semiconductor device of claim 22 wherein said insulative
particles have a median diameter of approximately 4.5 microns.

28, The semiconductor device of claim 22 wherein said insulative

particles have a mean diameter of approximately 4.1 microns.

29. The semiconductor device of claim 22 wherein said insulative
particles provide insulated separation between at least two of said plurality of
conductors.



particles have a maxi num di anmeter of 20 microns. 27.
The sem conductor device of claim22 wherein said
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approximately 4.5 nicrons. 28. The sem conduct or
device of claim22 wherein said insulative particles
have a nean di aneter of apprd8imately 4.1 mcrons. 29.
The sem conduct or device of claim22 wherein said
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plurality of conductors, and a density of said conductors providing interconnection

between said elements.



