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regi stered as JEDEC STD MO 197, 198, 208, 209, and 220 se, the
el ectroni c conponent function may still be available in a | ead-type

packaging structure. 1 fV BACKGROUND OF THE INVENTION

Inresponse to manufgcturing cost concerns relating to populating printed circuit boards

with electronic product having the requisite functional circuits, the semiconductor product
packaging industry has developed a leadless circuit component product {also known as a,

surface mountable electronic product), hereinafter referred to as a “leadless product.” The

15 leadless product, as the name implies, is a packaged electronic product that does not require

the use of physical leads for being inserted into mating holes provided on a planar board as

a mechanical mounting means nor as an electrical connection with other electronic components

forming the circuit on such a planar board. In general, the leadless product facilitates

manufacturing of a printed circuit card, thereby eliminating the inserting of component leads

20 into the board holes and the soldering of these leads to the board’s solder pads. The leadless

technology has been well accepted as an option for packaging electronic components since

early 1980. By example, a current related art industrial product includes “QFN” (Quad Flat

~ No Lead, registered as JEDEC STD MO 197, 198, 208, 209, and 220). Of course, the

electronic component function may still be available in a lead-type packaging structure.
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simplifying the packaging process, thereby improving productivity.
The present invention employs a unique “stamped” and/or “bent” standard solder-
25 plated or pre-plated lead-frame which is packaged by a polymeric material during a molding
process, in contrast to the related art “half-etched” lead-frame. The process of the present
invention involves providing a unique compression-type mold, specially contoured to avoid
“over-packaging,” of the effective solderable areas of the lead-frame which is a common
problem in the related art techniques. Applicants’ invention results in streamlining the device
30 fabrication and packaging process. The specially contoured compression-mold facilitates
delineation of the mternal portions from the external portions of the lead-frame, where the

external portions have the effective solderable areas that contact pads on a printed circuit
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| eadl ess BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is a cross-sectional view of a near chip-size basic leadless semiconductor
packaging apparatus having packaging mold-lines shown with respect to a leadless
semiconductor device configuration having a die located in the “up” position with a wire

25 bonded to a stamped lead frame and another wire bonded to a die attach pad, in accordance
with the present invention.

Figure 1B is a cross-sectional view of a near chip-size leadless semiconductor
packaging apparatus having packaging mold-lines shown with respect to a leadless
semiconductor device configuration having a stamped lead-frame and a die with a wire

30 therebetween bonded in the “down” position, in accordance with the present invention.

Figure 1C is a cross-sectional view of a near chip-size thermal leadless semiconductor

packaging apparatus having packaging mold-lines shown with respect to a leadless
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beneath the stamped lead-frame with at least one conducting particle contacting and being
disposed between the lead-frame and the flip chip, in accordance with the present invention.
Figure 1H is a cross-sectional view of a chip-size leadless semiconductor packaging
25 apparatus having packaging mold-lines shown with respect to a leadless semiconductor device
configuration having a stamped lead-frame and a flip chip located above the stamped lead-
frame with at least one conducting particle contacting and being disposed between the lead-

frame and the flip chip, in accordance with the present invention.

Figure 1I is a cross-sectional view of a chip-size leadless semiconductor packaging
30 apparatus having packaging mold-lines shown with respect to a leadless semiconductor device
configuration having a die located on a lead-frame and a wire bonded therebetween in the “up”

position, in accordance with the present invention.
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Figure 4 is a flow-chart of a fabrication method for packaging a leadless semiconductor
packaging apparatus, in accordance with the present invention.
Figure 5 is a flow-chart of a fabrication method for packaging a windowed leadless
semiconductor packaging apparatus, in accordance with the present invention,
25 ' - Reference numbers refer to the same or equivalent parts of the present invention

throughout the several figures of the drawings.

DETAILED DESCRIPTION OF THE INVENTION
Figure 1A illustrates: in cross-section, a first embodiment, a “near chip-size” leadless
30 semiconductor packaging apparatus 1000 (i.e., where the packaging and external lead portions
extend minimally beyond the plan-form area of a given chip) having packaging mold-lines 10

and a unique “stamped” and “bent” lead-frame 30 formed by “stamping” and “bending” a
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enmbodi ne . IRs Siki Ny elmi' [ots) i

appar at ugth f?)oo @\V‘/’Fﬁ‘g a%a%‘kggﬁlﬁg%ng% 531?1:1 ﬁgjgde?g,ﬁﬁge uni qggﬁggsgé%@%g%egﬁa
bent | eadigurarid.30 forned stanpi ng and bendi ng a conductive material such
as gopper, effecti a bend 34, and.a djie 40 with a wire 50 forned froma
corftuctive nma égl}rg{l @L?cﬁ’foﬁﬁiseﬁg?‘&'? VigTeped diiteanbadiment ga near ohip-sige thepsal ¢ on
and W t n@dleeyeimidbidudfs? pabideitfy &HpSraflis 1000 having packaging mold-lines 10, a unique

stamped and bent lead-frame 30 formed by stamping and bending a conductive material such

as copper, effecting a bend 34, and a die 40 with a wire 50 formed from a conductive material
such as gold, therebetween bonded in the “up” position and with the stamped and bent lead-
25 frame 30 and the die 40 sharing a common die attach pad 41 being unmolded (i.e., exposed),
in accordance with the present invention. These components are uniquely compression-molded
in the manner discussed with respect to Figure 1A. _
Figure 1D is a cross-sectional view of a fourth embodiment, a near chip-size thermal
leadless semiconductor packaging apparatus 1000 having packaging mold-lines 10, a unique
30 stamped and bent lead-frame 30 formed stamping and bending a conductive material such as
copper, effecting a bend 34, and a die 40 with a wire 50 formed from a conductive material

such as gold, therebetween bonded in the “up” position and with a lower surface of the die

6




16 DECEMBER 2003 attach pad 41 being unnolded (i.e., exposed), in
accordance with the present invention. These conponents are DECEMBER 2003
conpression-nol ded in the manner discussed with respect to Figure IA

A gure IE is a cross-sectional view of a fifth ‘enbodinent, a near chip-size"

| eadl ess 5 seni conductor packagi ng apparatus 1000 havi ng packagi ng

nol d-1ines 10, a unique stanped and bent |ead-frame 30 fornmed by stanmping =
and bendi ngach pdrid beingwemotied (il exposdl) Aia acapdate witk fegeédeftnPenB8RdTRAe and
a center gsd 40a | ocated beneath .t hm&earrmped and bent lead-frame 30 wth a
wire 50 f&PRBAUSISHF Lniguely Gempirssion |n theamanger disqugsedyfirespectiorRipae ween
in the "ym@' position, in accordance with the present invention. These
conmponents are _uniquely 10 conpression-nolded in the manner di scussed with
respect to Fi glig@ue AE iFaquess-seftiangl Wewrafssfifile embodialent; i seead thip-ssdeXtbdiiless

nbodj i.p-size. | eadl .sem conduct or ..packagi t
7000 hav sgReiftortabBighe Prrval? 1000 BouRe rskasian mobl S 1 danitug pamped
f ormed by and Bemileag-fedit: Mﬁhé‘tﬂb)astﬁﬁﬁﬂ% ahd we@ldﬁ@ta%ﬁhﬂgﬁw&ﬁﬁﬁtﬁwg?@’?i@g%, and

effecting pend 34, and a center pad 40a | ocated beneat

bent | ead -"ng%‘% adgend 3¢ rand agenter pad 40n Ipenterblenbath thesstunpediant ibest lemt-feamaB0 such

he cent o taafg a0 e o oo bterib §Eoias B0 ondha Bt Gheckemnpie ( ne
present. i fiughipbsition, Theseordampovigntie: present iivetidnd, TOER' @foRfutsatIeg udiy? the
manngy di %éussed Wtﬂ! resgect to Fjgure 1A, Figure 1Gis a cross-se%tional
vi ew of a“CRPERTH di mangep,discussed With respeqt s Higwss 1A20 seni conduct or

packagi ng apparaius 1EGOR RAYAGIRAHAR 0P oA drbbdififnr, 3 i} BUS.SLATRRL, and

bent lead-frame 30 fornmed by stanping an I'ng a con

such as cé&ppiepnductor packaging appaseinel 1000 haxing packaging nedli-lindO10, hepaiped afiehaat h
t he stanpedaapg, -k 0., with at |east one conducting particle

. 51 cont ac'(tﬁc’:3 ﬁg an efdrllgﬂ)g'i Sg%%{sfge%g%ieqeﬂglgﬁ afﬂ‘éd“g I%ﬁFB%tB“aléHa] BERPPYT etfbectingime

30 and t he biehd B4 céridoa defdiber piad 408 tovactd begedti tHe stdifheR RS BRA: 1&421\!135}11.% 90 with'£5¢€

25 §rrponents foe g&iﬂ%uely conpression nolded in the manner di scussed with

resf)l ct tb"“iﬁi%ﬁ EoEc Irom  Gendupilye watgrial syeh ag geld; berded therebatweeminghg hugt

enbodi menhesiBon ahd R- Biwee ' : I congic I.ng appar at ys.1000
havi ng paic)ﬁsgginngmrrpl d- i ﬁgtﬁ(%g{)pgﬁu%@g%p stg‘?rhpie)%ﬁg ﬁ%%%’?&paﬁéﬂ%‘ﬂoﬁ?(ﬁmbu by
stanpi ng accesdraoe with dhepesent vestionh Biescopmements agk iiddelydeotirbsstAinsided

| ocated a . ed lead-fr 30 wth at | east one conducting
particle ?ﬁﬁlgé%{bgl%'f‘?l%ggmsegrwﬁb@meﬁ?ﬁw ‘bet ween the stanped | ead-frane
30 ‘and the fli Figé PG4dborossseabSiRl WG a s¥ienth érﬁ%dﬂﬁ&ﬁ,g{ﬁef& BiE e Y harcliIese

con'ph%nent s are uniquely conpression-nolded in the nmann
semiconductor packaging apparatus 1000 having packaging mold-lines, a unique stamped and

bent lead-frame 30 formed by stamping and bending a conductive material such as copper,
effecting a bend 34, and a flip chip 40b located beneath the stamped and bent lead-frame 30
with at least one conducting particle 51 contacting and being disposed between the stamped
and bent lead-frame 30 and the flip chip 40b, in accordance with the present invention. These

25 components are uniguely compression-molded in the manner discussed with respect to Figure
1A.

Figure 1H is a cross-sectional view of an eighth embodiment, a “chip-size” leadless
semiconductor packaging apparatus 1000 having packaging mold-lines 10, a unique stamped
lead-frame 30 formed by stamping a conductive material such as copper, and a flip chip 40b

30 located above the stamped lead-frame 30 with at least one conducting particle 51 contacting
and being disposed between the stamped lead-frame 30 and the flip chip 40b, in accordance

with the present invention. These components are uniquely compression-molded in the manner




16 DECEMBER 2003 di scussed with respect to Figure A Figure 11 is a
cross-sectional view of a ninth enbodi nment, a chip-size | ea§ PECEMBER 2003
sem conduct or packagi ng apparatus 1000 (i.e., where the packagi ng and
external |ead portions extend very mnimally beyond the plan-form area of

a given Cﬁ%@gseﬁﬁ%régﬁ?@%%{%‘?%%@ package 5 area is less than or equal to

1.2 tines orm havi ng packaging nold-lines 10, a die 40

| ocated on a URigatee 15 iR apadsd-ertofdl arfew 36 & afift deiodiindAl) | ) ghip-seRNRHgledsv €
material such as copper, and a wire 50 formed froma conductive material

such as g&mHcongseigeprckaging aprarafae HOGO{i.ehavheggthe perkpging and exieraaldeadizontienswi t h

the pres ' ' Dpent LN I sicon- ol ded in
the mannar oACaEAdnlrdal RS LEHRPRTR SebIE s B K pERIRE AT (O PRAGEE
Cr 0s%- sedremisdéssvhavorafua to &2 thmesdhe dierplixi-form £364) haging @a&l@?dﬂg&ﬁcﬂd—lines 10,
sem conducéior ?acke%gi ng apparatus 1000 haying packagi ng nold-lines 10, a
die 40 | Fcdifdfienatedona stamapedpadoirame pirgied by glampinga cendpefiveggatpsjal

st anpi ng my t ki gﬂ.&%d E‘Bﬁ] . M 5 I r,om a
conduct i vsgcgrgl? gjréﬁ %ﬁr, gaégﬁa g?e 358 , oﬁ%%%cd? ere téféﬂ'mgxgﬁerﬂﬁn?cr? ?%é&dgﬁgﬂaed
posi ti on,th¢nebetween danthe %ipt”hpositomr &6 @antordamee nwitiorthe Treseat dovaatioent Thasee

uni quel y conpressi on- nol fied I n the mapner t%i scussed with respect to Figure

| A Fi qurs@TPRIFIS are yniuelycomnressign-moiigr ot thg magnen dispupsed vHwicRast to EBigure

| eaft} ess 1gem conduct or packagi ng apparatus 1000 havi ng packagi ng

nol d-1ines, an exposed die 40 |laterally located with regard to the unique
st anped | ead- fiigme BOif aroresh-tepticiad miewgofaa 26nth csmhiclimens, atidpisae Isaditssas
copper, and.a wire 50, farned fro onductive, materi al iﬁj‘c gol d,

. h.
bonded’ t eI Pick st angpas JMORRSmE Pakaginganoldiigs 1§ fis AR ISated ont
i nvent i ont leadBHRAEQRREBGRIT AL RamB B0 @wedqg@mglﬁga%ﬂmcﬁ% Id;anfbrfah?uéﬁaa@ner

di scussed with respect to Figure A Figuré 1L ustrates,
cr 0ss- se€PPpa, and puare hopned frem eeniduetivesnateiad sucicesogold Fonded tergbetveen

a at Q. _cqnsi.sten ith the third enbqdi nent, in ackagi n
0P B Pl i YhE e ORI qbdlionch o i mEeR rofaion ohed PoieomsaRant ch
nmay be f enipdlybsongirassiongorsd in hRNAAMGr dis6RBeiwith YE&pE®RLE Figire $4Ch as

copper, effecting a bend 34, with an effective solder able Iength 60,
bei ng r et ai nedigirealkolsd 41 erospsectivnalvyievasofiven| elevantiurenhadimenta a leadless

eadl oss I RaRAGTRE e F0RRAS 1080 Mulide BRI RO B 6 RBre i€ R0 e
di e 40, tedatinSbcaet witheregirdahthepadqublstaibed ldaaxre SO fomekdoby dtaRiping Bt al |,

and at | east one bonded wre 50 formed froma conductive material such as
gol’® 1n CB%%%S@? Aigtesiabpuchas coppess andanwire 39 fyaed denme a corsfuctise matssial such as

gold, bonded therebetween in the “up” position, in accordance with the present invention.
These components are uniquely compression-molded in the manner discussed with respect to
Figure 1A.
Figure 1L illustrates, in cross-section, a near chip-size leadless semiconductor
25 packaging apparatus 1000, consistent with the third embodiment, having packaging mold-lines
10, at least one unique stamped and bent lead-frame 30 which may be formed by stamping and
bending a conductive material such as copper, effecting a bend 34, with an effective solder
able length 60, being retained by a mold 11 (not shown) as would occur during a
| manufacturing process, in accordance with the present invention. Other leadless
30 semiconductor device components therein shown are at least one die 40, at least one die attach
pad 41 which may be formed of a pad metal, and at least one bonded wire 50 formed from a

conductive material such as gold. In packaging a plurality of leadless semiconductor devices,




8 16 DECEMBER 2003 a nethod for separating the mass-produced packaged
devices in an assenbly |line fashion may include saw ng or {BDECEMBER2003
the direction indicated by arrow 70. The nold 11 (not shown) uniquely and
effectively retains, via conpressive forces, at |east one polyneric

mat eri al of lv-.the interior.portion of the at. |east one
uni que satrégrﬂplé(gfogﬁgﬁ%gﬁghp@?%%giﬁordgﬁ%f %@%Wde&,“ {q]ad\ﬁssqrglgkgag?qsgmgpay :
ext er i oringlodd sawing e pahci-edsihg &b thesdipserion ihBaded B¥ arlv 70.hheo1®1eSRsV N9
cl ean solderabl e areas, on an external portion of thée at |east one unique

st anped SARNDLEAUERY 2R pHeRvVELY, Tefdias i vierempressbiedfonesst ok least ane gobmeriveed

for de- [ i . . | Ei re 2 ill.ustrates, i,n
oy ose. s dE Xtof p E¥aRfig BT RO RO e e PGS Crcinidts 6558 andD e
| edfd| es bepelead:-frachie G0d(i. cpaeikingi fgkagea katcueridd Portida\thd st 18ast BRI tARSed lead-

sem condquct Qr dq%vi ce conprising a unique stanped and bent |ead-franme 30
f or med athsTehy RIRFTHEE $lrg sokierablrianeas or anwkisrnal posighofe @bleastrqne

ef fecti pg; %334311 | C e i Jach 41 b

non- el ect rqlﬁgal I congﬂ%%t?/eeaﬁg% egg’géglﬁ&xa ée?elb vaﬂalhgﬁ%e g"?‘aﬂ &‘]‘5‘8&3%% from
a mat er if@khing o€ bxeess palkdginpenatgrigiackaged by a sight lid 80, formed froma
visual |y tra}s aragl Hmateri,al 15 such as a gl ass or a high tenperature

X . g
-pol yrer, uni 1G FLERtesy 4 FrRSE-sectiony anethssieprbadingent gf thepresentisyention, by a

sa@ ant wRd&rd = CM ' i ne W th
t he pr esen.t&?érﬁg%%gsgﬁgﬁ%gg?%%?%%@é%ﬁ 47s é’?ﬁ%ﬁ’@ & elga%ggﬁgl%glil@ﬁml id
80 i nt odavice compritingla vhiguastanpbd ahd bent iidagfearnieizd fortred b lstaafaddiid teaaingsuch
that a rfl. on of the.sealant matgeri.al i}4 4% WS i Qéo an | nboard channel 16
for pr 05%8 (#1"5; 1¥C TR EL FYPty a5 cqeper s effgcting a bep ‘gé‘cﬁﬁ) pdberedhto aylie aachaad) i ng

agal nst 4¢@9baBhRARIricNY Cndublife RIRSIEInaltUEL, |41 n iV FMEmed SoMYmagbidl ¢ &

to the use of dual channels, but may utilize at |east one channel a
r equi r e8iahyas grld, being packaged by duwigho lid B0y, deritedtfoorhe visunkin gmtspafére neaered

ly e | i , 13 h | appi ng t d mold |jne |ocated at

DA el B8 Bl ob gl terlfitaiRs peiiee, SRfyRl AsABH Raings Gred pelysedaped

| ead- f r aneerA0 badyl 13 byl disalaiDhtdrian 84 kagpdsed URetwase ebl%gr fgsﬁl,%ta?tg?dzﬂ%g f 41
: orce

25 and the interior portion 33 of stanped |ead-frame . Areln il
mat er i aVHsthe presgpevention Seplanlematctinf ¢ ds oompressed riyethi sight didt 800int® 3n of

; . _ : ! Ty | :
un quel oo ARt o EmBHE o TH BT he R 55 S ek i ontar i S
i || ust r atatesial il 4 floersSp@Cin iMBoat @hanral 16 RSB idiRAthagSelp ?‘{efg%%?grgr%ﬁ%%c? o red

p Bkagi n agﬁar at us 2000 having a stanped and/or bent”
b?f st anﬁ%ﬂg’m BRI sealing dEains AORIAMEBAGENEDI. v Ehqmpresent aventioh lasvevepengt such

Voi d a5 REED P Loe T R o RS by g, R S PR A B it B e
vi ened givenusghicohéugogbircdii 1 WROpskajedd Hgaiured palymiRiia wRn&eAbaay 13%as adS>. 16
overlapping tapered mold line located at both the exterior portion 31 and the interior portion
| 32 of the stamped lead-frame 30 and a flush mold line located between the die attach pad 41
25 and the interior portion 33 of stamped lead-frame 30. A reinforced fill material 15 is cured

unto a lower surface of the interior portion 33 of the stamped lead-frame 30, such interior

portion 33 formerly being uniquely compressively retained by the mold 11 (not shown).
Figure 3 illustrates, in perspective view, a windowed leadless semiconductor packaging
apparatus 2000 having a stamped and/or bent lead-frame 30 formed by stamping and/or
30 bending a conductive material such as copper, such unigue stamping effecting removal of lead-
frame material as indicated by void 35, sharing a common die 40 by bonding a wire 50

therebetween as viewed through the sight 1id 80 sealed against a unique sealant seat 15, 16




9 16 DECEMBER 2003 having at |east one channel fornmed in the cured

pol ymeric body 13, the polyneric body 13 being forned by t{eDECEMBERI2003
uni que conpressi on-nol ding techni que, in accordance with the present
invention. Figure 4 flowcharts the general fabrication nethod M1 for
packagi Nthaing #a&dst GREchaAntISBHES fn ﬁl@?&lﬁéﬂrﬁbl\l}g[ﬁ&&c BaGK a1 he pRRRATRI BRIy 4300,
in accordance with the present invention. thod M'1 conprises the Steps
of : (a) peingfarmed bi the dersgoipg anigue ppapressontnfolding teabniquey imaccordaase wishéhe

| ead, byﬁgg@gp&f%&i unch-cutting a lead-frane material as indicated by
process 0ocC , (b) attaching a die to the at | east one | ead-frane by

appl yi ng a norFighrecs flowadHayts WQ@K&'&I\ﬁb;i@@ibﬁiﬁétﬁ)dMQFfblabacﬂ(ﬂ%iﬁg at @6tgneas
i ndi cated by process bl ock 200, (c) curing the non-electrically 10

condUct i Jeaddesh semicendreteinagkaging apparang y preordanee pithdhe pEsent (eyentiondi ng

o ocess. DAk 63 Lol BeEREeR: elict BhovidHRaL BRE onf SR BB b e
anot her piedsyomylesd, tsawingl or paticlicdttinga Ralyifaid @ateEhisigdicAedBPpiRessBock
uch as _hot conpressjon-nolding using a hot-press having an upper

t echni que s ] . . .
pl at en arlé?8 a(by aiteshing adie o thept lsastiong lead diama iy apphiingwynen-clecteisally eomdugtiveh

t he exter : Lt :tgﬂ% | i-we. f.ar nd.a. .

nom nal | ﬁﬁ%&ﬁﬁ%ﬁ%g@ﬁ&m iagﬁ{,d? erbyt};ﬁ)()&fg%@%%&f’ I%) Cg%l(ﬁg @ges‘{%“ﬂ%“'“i‘%éi | ess
s enilc ondwondirctipe adteyive gnaaid raa indicat@DBy pasedsiiocka300d (d)bonAim@eew e Boasthe500,
(f) mark ing, fhe at |east one fornmed | eadl ess sem conduct or

ing, byl )

packagi nl&ggﬁba%@t ot 't@o@ofea%t Oncylead as dndigatsd deRmocess JiRrcls 480, (gy)molding the

' | at is@g; . . - ]
S'a{!EEg?n5&2%8%‘%%2“65’%%%?mﬁ*i’?‘%“#ﬁ%%%ﬁd&qﬁ?%%@sﬁ%ﬁ? SR MBH Binoiging,c ng
the at | 0 by iangphhiire dudhea dibesmn, i dldddgousimackatpresd hap tiyser 1000
asei ﬁdi Cg?mg b rsgcess bleocﬁ, 800, anlgegik;mlsnhi ﬁ%e g,jtre?eggﬂggﬁep%;cked
| eadl ess? “S%U;ﬁ%doﬁd%?wh}?&cﬁ E7HS & pam tsﬁ%hngd%@%l‘%?sﬁ?li‘id\"]él&’clé]&e B¥ieriabiead s
bl ogk 90@ortiondestendz Vih Weshiprebsvd ferc8 QR8T AhohflAlty 9841281 TREdrRdHid 2nbRb

packaging at |east one w ndowed | eadl ess sem cohductor packagi ng appa¥at us
2000, i nlersyng tenydeast one ¢adless egmicondRBripackaginmappatdth d@D0VIaR indingied des

h f. i . d | ead- havi, I
one 1 eadprByesshBoBO% i nReBk b Piine” 1 & AR e Phee s i roebee
bl ock  1@ackagia)y agFludﬁl@gOD@ﬁs adida@asty $Y06ess bRIERGAOP(S sﬁigﬁfélﬁﬁ | ®adr ea@pe! N @

pol ymeric materi such as a polyneric nolding conpound, Dy a technique
such as Hser-merisddendiesssanpicondvgton paeigging apparatys 4690, haiidicptaibyuppesss ploak en

I f ' . UNd i i fi f. 30 _whi
o nal 108 Bickne B aF ek e St TRia: cHPebidelod BarkeBiPecromisal o
| ocal i zeds ifditaiedray procests bioaRi 86U, eghddYi) Wh@HRES ! Af Heak® Dne( FackS@ViE{iGesO"
punch-cutting the lead-frame material as indicated by process bl ock 101,

(d) at t atgmisgnductr Packpgingeapparatesati00ps dndieated by arasess block 900.
Figure 5 flow-charts the general fabrication method M-2 for packaging at least one

windowed leadless semiconductor packaging apparatus 2000, in accordance with the present
25 invention. Method M-2 comprises the steps of: (a) providing at least one stamped lead-frame
having at least one lead, by pre-plating a lead-frame material as indicated by process block
102, (b) molding the at least one stamped pre-plated lead-frame in a polymeric material, such
as a polymeric molding compound, by a technique such as hot compression-molding using a
hot-press having an upper platen and a lower platen, effecting a unique sealing orifice from
30 which the external lead portion extends via a compressive force and a nominally localized
deformation, as indicated by process block 103, (c) sawing or punch-cutting the lead-frame

material as indicated by process block 101, (d) attaching a die to the at least one lead-frame

10




10 16 DECEMBER 2003 ' (die attach) as indicated by process block 202, (e)
curing the non-electrically conductive adhesive material afs DEUEMBER P03
process bl ock 303, (f) bonding a wire fromthe die to the at |east one

| ead-as indicated by process bl eck:404, (g) installing a wi ndow onto the

ol ded | ead- franme by applying a seal ant such as a UV-curabl e epoxy as - -

o Conduct b e g RS B Brosts BBRE 22 ) Tl Wi oGl G8R, Sopeiies.
the at | e@dgeséwematprig@d indimﬂc;:l/\kgdpﬂoewﬂ Ibag:ik wﬁ mé’?)%‘“ﬂ“f% Divire mlgl{(ﬁ_g dRGo he at

t. t , t t t
PR LI TGS T O SO K TR A R
2000: 3 (Ao} apIfitg aRkARRSECbLOF kv Bl elho AR LR By Bod LERbGONS

si ngul ated wi ndowed | eadl ess sem conduct or aging

i ndi cht ed thgreby deming ho ek l@sBone irddicky sesticquaductgr pivkagihg hsRsinoP®0, packed
br ocoss BakiaEs by TR IRARIREET R 1AL Pl ABEiRAindancd dudiosp emcdseral
is fully papelgin mpaatis2000 agiddli@teda?p%ﬁ%c&%%ék%@, anligg.g%%{% @93{ kgss"t%?l i on,

t he prese referred enbodi nent o [

t he 1 nvention ,
repr esent Q?SF J edy windaygy] keadleprasentieondniion packaging agparatme 208N sahdidatky by he
present | ' : sent .inyentjon ful enconpasses
Ot by bl ooy 80 POTE0Re Bl do1EesERE° ShkorkBY Fhbdesed il Siimcomioir -
and 105t o paekagingiappatatua 260 a indicyted by prathivIGkE08esnd dk?&ipﬂiﬁ@ﬂﬁ&?ﬁﬂ&?ﬂe
cl ai ns, V\@%ei n .r&fe%ﬁlgccﬁ to an element in the singular i's not intended to
mean " on&2S§d YV EEAAIEES seRicopguntor frackaging apperatis P00B s indigatedr by moeesor
nmore." Al Ibl@krogot ural and 20 functional equivalents to the elenments of the

above-described preferred enbodi nent and addi ti onal enbodi ments that are
known to those '@prmagtipnmsrhpresk shawi and describad iardetdiicis dblly expablesslajtaining the

| ncor por b LAl BELo AR RkRid T iEIIEN, 0, bE encompassed by the present

O
cl ai ns. Moreover, 0 Tequiréenent exl ¢ IMyRERds ess

eachldand enéisythys.abpresentativgbf the euliject maeOwWHRHE idbrosdlp cdft&RFIted ibg\éﬁ‘é}frleééﬂt for
such to b%v%ﬂﬁc? ssed by.the %esent clains. 25 Furthernore, ho el ement,

conponent | V'GF kG §OMep the prosent ieadanfully pucompassesother ebodinates wiyclomay. X
dedi cat ed beenidubvivabld thodeeEiaed e nent.. or
vl 09 SRIRESHRBSar hndd & B mitdde a%@k%!ayﬁ)ﬁ@% gtherthan

met hod st Is explicitly recited in the clal ns.
readi |y apifeardedslaimscehessin splatenes i avldl¢rhent imthesmgalat istivg intviiel 68! faean

at or al AoTan ol BhY e Bb ATy o5 S PP Rise ey et ged of
t he 3hvenfinstionaisequistaled th tretdbernentd dfthaptpeBdestibb@pforrelRmbb@intenlgle! N i s
Unl st 20 HER SREmsn B SRR T« s Shorn ki et pmmebyfespicsaly 1
~ incorporated by reference and are intended to be encompassed by the present claims. Moreover,
no requirement exists for a device or method to address each and every problem sought to be
resolved by the present invention, for such to be encompassed by the present claims.
25 Furthermore, no element, component, or method step in the present disclosure is intended to be
dedicated to the public regérdless of whether the clement, component, or method step is
explicitly recited in the claims. However, it should be readily apparent to those of ordinary skill
inthe art that various changes and modifications in form, semiconductor material, and fabrication
material detail may be made without departing from the spirit and scope of the inventions as set

30 forth in the appended claims. No claim herein is to be construed under the provisions of 35

U.S.C. 112, sixth paragraph, unless the element is expressly recited using the phrase “means for,”




16 DECEMBER 2003 CLAIM5S 5 10 What is clainmed: 1. A | eadl ess sem conduct or
product packagi ng: apparatus for packagi ng a sem conductor {8 DECEMBER 2003
conprising: a stanped downwardly bent |'ead-frame, said stanped downwardly
bent | ead-franme having an internal lead portion and an external |ead
portion, and said stanped downwardly bent |ead-frane being in electrical
contact with said sem.conductor ci rc;&ﬂA NS housi ng nmenber, said housing
menber conprising a housing material, anoI Sai d housing materi al

encapsul ati ng said stanped downwardly bent |ead-franme and exposing at |east
one sol der\gﬁlte rﬁ%%ﬂ of said external lead portions; a w ndow |lid nenber,
a portion atdyF sing nmenber conprising said window |lid nenber, and 15
said window | id nenber conprising at |east one visually transparent
material selected froma group consisting essentially of a polymer and a

gl ass; a deal arft leadlass segidoddeatar producs pakagingpypasitngfoapadkeits 2 QBRicERARRAR!
di sposed on an \nper surface of said housing nenber tor providing a |arger
seal i ng surface™ar LOTEI8, seal ant material, said sealant material bei ng

di sposed bet wearstafied dodaaRy BBi1&/d-£dnand sai d wi ndow |id nmember within
said at | east one channel for preventing contam nant entry. 12 16

DECEMBER 2003 2. A Séddiamped devnwandtiuben lcagifoanechavprciadinicng! kag poaionand as

recited in claim1, whegegi ' i.conductor circuit conprises: at |east
one die attach pad, V\heréﬁlﬁﬁggﬁg%éﬁ%@ﬂd or circuit is nmounted on said

di e attach pad; andsaid stamped downwardly bent lead-frame being in electrical contact with said
semiconductor circuit; '
a housing member,
said housing member comprising a housing material, and
10 said housing material encapsulatiﬁg said stamped downwardly bent lead-frame
and exposing at least one solderable region of said external lead

portions;

e

a window lid member,
a portion of said housing member comprising said window lid member, and
15 said window lid member comprising at least one visually transparent material
selected from a group consisting essentially of a poiymer and ;1 glass;
a sealant seat, said sealant seat comprising at least one channel disposed on an upper
surface of said housing member for providing a larger sealing surface area; and
a sealant material, said sealant material being disposed between said housing member
20 : and said window lid member within said at least one channel for preventing
contaminant entry.

12
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5 at | east one bonded wre, wherein said at | east one bonded wire effects
an el ectrical connection between said circuit and said i nt# DECEMBER 2003
portion, wherein said at | east one bonded wire conprises at |east one
electrically conducting material selected froma group consisting

essentiably o ] | reLn | Si ng
mat eri al i'corrp‘trali Ig%(gesgggrg&rr%? g@st%&%%t g%%%sﬁ’fg&%gsf g# f%‘:?tga g‘] @%‘%& ld ar ound
sai d di e attawheseasaid serlicatducensircoibeompristedl wire, and said internal |ead

portion, wherein said _housing material is not disposed around said |ead
ext ernal por t #dfast gpgdicattaghpadi n sai d st anped downwardly bent |ead-frane

conprises a thin | ?ﬁgreil{ 'eg%fﬁgﬁﬁuicfblr cﬂ@t\(iit %ﬁlg?uﬁ{ &bﬁ g:ﬁjld%?@ittagaé»g&j A for

facilitating fit of sard SS sem con or product  pac i'mg

appar atus to a lsasren¢ homdetlawiges of chi p-size to near chip-size. 3. A

| eadl ess sem conducﬁlor HPr o(guct packagi rég apparatus, as recited in claim2,
wherein said thi nWhersi! sadatdeash ors bended yargetfoctsanlectrical cannestigebetween i | s
or less for facilitating; J ding of said |lead frane.
4. A |l eadl ess sem condu%l%§ﬁ%¥1g%ﬂt%aﬁgglé g%m%%&lg%ggﬁ’at us, as recited in
claim2, wherein whelicin baidadttlaashainkehondyd avine romipeisés htc Rlastyorosiduteicale
polynmer, to each said internal portion of _ said stanped dpvmvvardlﬂé@bent

| ead-frame. 13 1 6 DECEXHERCURpHIateTIah selgefad deom oo frugrenRsisiing sessatilly of

pagagi ng apparatus, ascdfet tazlgﬂjn chad Myl Wherein said housing nenber
conprises a conpressi on-r@ de oggll’ng ggt érial, wherein said

conpr essi on- nwhetetn baid diongingamnateriall camprives se somprestiymratoldedniddudinggmaterial
conmpound, 5 whereby. sai d ext ar nandls J ead por ioré11 ii exposgd, t. her eby .
preserving a sol dePSSed aFend sigidsdie glta Spid Y depshone perdedvige, andesaichy
avoi di ng de-fl ashimeredl 188 lgbrﬁgﬁ’er nal |ead portion. 6. A |eadless

sem conduct or product packagi ng apparatus, as recited in claiml, wherein
sai d stanped Hestpinesail Jousingtmaterial-is nahdisposad aicsisd saidl leagloesteroaigpoetias tand cal | y

copgducti ng iLal selected f,roma .arou onsi sting essentjall f copper,
al Sgrin num a@%é&f’%, S%&\A}L %c:and%‘gf“ﬁarﬂg'ugiﬂﬁgﬁﬁg%@ﬁea Biigss adaw lﬁ‘%/d ﬁ%‘&%t one
housing material smhtefibleHafii@™ desired configuration for facilitating fit of said leadless

semiconductor product packaging apparatus to a size in a range of chip-size to

C

near chip-size,

3. A leadless semiconductor product packaging apparatus, as recited in claim 2, wherein
said thin lead frame material has a thickness in a range of 6 mils or less for facilitating

stamping and downward bending of said lead frame.
4. A leadless semiconductor product packaging apparatus, as recited in claim 2, wherein

a dje is attachable, by a non-electrically conductive polymer, to each said internal
portion of said stamped downwardly bent lead-frame.

13




a group consisting essentially of a polynmer and a ceramc, and wherein said
pol ymer conprises at | east one polyneric material sel ected f6 DECENMBERI2003
consisting essentially of an epoxy, a polyimde, and a bisnaleimde. 7. A
met hod of fabricating a | eadl ess sem conduct or product packagi ng apparat us

for paclkagin 2d R SeduRtor ' LS4 t ; -~ providing
a stanped dovvngf&vvgeragI%?/3 gég%? Ieaf:lc-r rg(ﬁrrg biczla{? %ﬁ’gtagﬁr%ﬁe‘tgs,d%\%ﬁ%e?gﬁf Il'?éln]t’

| ead- f rame hawhgeiasaidrossingimdnelzag cpmptisan ampreSianmokied hoading satkrighrt i on,
and said sta de dommaarciljla@/ bent | 8-frarre being in el ectrical contact.
with said sem conduéi‘r® IF%?I{'POEE ICHFIRE AT SORWTREhS BPLYMSKC Meldingi ng
menber conprising aohpuhdlg material, and 10 said housing materi al

encapsul ating said stanped downwardly bent |ead-frame and exposing at

I eas‘vilo one sol ddeatiiyesaidegpitennablead pordionvis expeatd,| ead portions; providing a

wi ndow |id me ortion id housin r conprising said w ndow
lid nenber; a%%%&?g?rg&ﬁi %%’3@6@‘?18 %W‘“ﬁ%ﬁ%ﬁ%&@%@e@ one visually
transparent nakicebyphvolding Ge i BRsB39@3tenfll 8ali9drddOm a group consisting

essentially of a polyner and a glass; formng seal ant seat, said seal ant

seat conprising at |east one channel disposed on an upper surface of said

housi ng nber : i r_seal.ing surface area, and_20

provi di ngf'a a séka{eg%&e&rn%wé%dgﬁ?t%g g;%(ﬁﬂgte[g'lcg *“%%?Péfms aﬁé?‘ﬂ{‘}_gdﬁ‘ QEH’%éd bet ween
sai d housi ng whendiesaidBtneil downRdauy best 16RIFRShHe Vb i&s%@léﬂst@he'efegﬁ'icaﬁ?e -
channel for preventing contamnant entry. 8. A method, as recited in claim
7, wherein said sefPRBIGHDS menterigl selerted demia gwyp consistingaessentiadly difecopptrach
pad, wherein said 1: d circuit is nmounted on said die attach pad;
and 5 at |east on% gongeﬁb‘l{\gm&&e@’ wherein said at |east ,one bonded wire

effécts an el eterein sdid honsieg hiatsridd edbmprises 28 dagt Gric KoisingansleSaiselebial efoap!

| ead portion, . .
P a group consisting essentially of a polymer and a ceramic, and

wherein said polymer comprises at least one polymeric material selected from a group

consisting essentially of an epoxy, a polyimide, and a bismaleimide.

7. A method of fabricating a leadless semiconductor product packaging apparatus for
packaging a semiconductor circuit, comprising the steps of:
providing a stamped downwardly bent lead-frame,
said stamped downwardly bent lead-frame having an internal lead portion and
5 an external lead portion, and
said stamped downwardly bent lead-frame being in electrical contact with said
semiconductor circuit;
providing a housing member,
said housing member comprising a housing material, and
10 said housing material encapsulating said stamped downwardly bent lead-frame
~ and exposing at least one solderable region of said external lead
| portions;
providing a window lid member,
a portion of said housing member comprising said window lid member, and

15 said window lid member comprising at least one visually transparent material

14




wherein said at | east one bonded wire conprises at |east one electrically
conducting material selected froma group consisting essenti@bECEMBER2003
copper, alum num and gold, wherein said housing material conprises a
conpr essi on-nol ded housing naterial disposed around said die attach pad,

said at | east one bondedlvvi re, and said internal |ead portion, wherein

sai d housing material i FPEGRIGHD SpRsisipe casentiplbaef 2Rel¥menndaglassn,
and 15 wher efopm§ii WRNRY . i in

| ead frame nater ?%%%%?ﬂ%ﬁgsggsi rec}qg%{r? ?lgtlrsgg?grrﬁ%tg)rgg F@%@H@%ﬁ%‘g‘)#ﬁ of
sai d | eadl ess serinshdudacsrofpastiaisingankabemnfyr pppddiat uslatger dedingSurfac@
range of chip-size %Q ear chip-size. 9. A nethod, as recited in claimS8,
wherein said thin 1€k rane material has a thickness in a range of 6 mls
or2¢ ess for f@gevidided dehBBn EINGai j i . frane.
15 16 DECEMBER 2008 10 A‘s‘ﬁi‘?ﬁ?a,ga‘gg& rlgfgﬂa\g%{a?'r’\ag? g%sﬁ%?%\?\ﬁ‘géfg?%&gg%ﬁ“geé is
attachabl e, by a rigembe¢reand paid|wipdow disdmeniber withliy seid, attleaseanb chaing] for
internal portion q id st ed downwardly bent [|ead-frame. 11. A nethod,
as recited in cl ail;r‘Fle ,m%ﬁé:f@igﬁu@:g? Vwﬁlbusi ng nmenber conprises a

conpr essi on-nol ded housing material, wherein said conpression-nolded
housi ng materjal conprises a polyneric nolding conpound, 5 whereby said
ext er nal®| eaa"‘mﬁﬂiqd@ﬁsr@i@p@@@ﬂnﬁ hereby preserving a sol derabl e area on
sai d external ri t her eby avoi di ng de-flashi'ng of said
external | eaavl%eg@gisgﬁ_ée@&ngﬁ%& ﬁ%p,l{%)él){qrésgf't ed in claim7, wherein said

st anped downwniabtyoreadit a dr ame conprises at |east one electrically
conducting material, sel ected froma group consisting essentially of copper,
al um num and gol dvhaseifysaidsericondactpbeiscuitis meuatadan sichyieiastech pad;laedst one
housi ng mat ey flasS&leQinady f5_QM @ group consisting essentially of a polyner
and a ceramc, and wherern said polyner conprises at |east one polyneric
material sel ect ed wheoeinaaigradlgast certondéd Wire @8BED RN alekitical cie@RDEtwEn

pol'yim de, and a bi Snalég{drgir%telit and said internal lead portion,
wherein said at least one bonded wire comprises at least one electrically
| conducting material selected from a group consisting essentially of
10 copper, aluminum, and gold,
wherein said housing material comprises a compression-molded housing material
disposed around said die attach pad, said at least one bonded wire, and said
internal lead portion,
wherein said housing material is not disposed around said lead external portion, and
15 wherein said étamped downwardly bent léad-frame comprises a thin lead frame
material having a desired configuration for facilitating fit of said Ieadless

semiconductor product packaging apparatus to a size in a range of chip-size to

near chip-size.

9. A method, as recited in claim 8, wherein said thin lead frame material has a thickness

in a range of 6 mils or less for facilitating stamping and downward bending of said lead
frame. '

15




“ natural resources an

16 AVENDEO ~ j 16 DECEMBER 2003 LEADLESS SEM CONDUCTOR PRODUCT PACKAG NG
"~ APPARATUS HAVI NG GLASS W'NDOW LI D AND METHOD FOR PACKAG NG ¢"BETRMIBER 2003
nat ural - resour ce-conservative, environmental ly-friendly, cost-effective,
"l eadl ess sem conduct or - packagi ng apparatus (1000), having superi or
mechani cal and-electrical properties, and having an optional w ndowed
housi ng whil@h uAi mediog, sercitedimclping 8| deBren arRe hapkRALEIe! by %?%—%%cfr% ly
internally pack‘g&]ﬁg;nte rated seni copductor circuits (chips/die) B A
uni quel y st anpe 76T PBERET 1@ Sl Jihvintqrad poatign pksaich sthapedidiwynwandiy hemer i ¢
material (12) dieadf#gng, uni que conpression-nol ding process using a nold,
specially contoured to avoid the common "over-packagi ng" problemin
related art techniques. The specially contoured nold facilitates

del i neati oy of internal. portions fromthe external portions of the
| ead-frame, ‘as }f‘@e‘é‘g‘%’é‘ﬁﬁgﬁ“ﬂgd‘?ﬁ%? are the effective sol derabl e areas

that contact pawhereth said Wusitigaksber %Hﬁlbri%aar&?gfr%@g)g%oﬁ&?{mg%&% Stﬁartl%ri orious

environnental | y-yunfriendly nmasking step and hing™s i ni ng
t he device pac k‘é{g‘?fﬁgl b eempressionemolsio housing matmiall compides at polphatidmelbiges 2
conpressi ve sealing &;nlgyoicljlﬁg fromwhich the effective solderable areas o

the lead-frame may extend and be exposed and, thus, avoid being coated with
the pdlyner whwihtrebyssaihextemaylead portion afledppsddre mol d for packagi ng the
internal portiops of the Lead-frame. The |ead-frame is uniquely stanped
and/ or. bent, co ?%BWFF@?‘W“&%“@%%@? Breawaraidi extarnal deaduioriéoeand of a

particul ar senhenRBHatEinP R ine BY L i ng and/ or bending, the
related art "hal f-e}tdchi ngE of t 11elgl esadé&]‘?gt?ﬁigg%?éﬁgﬁgﬁ?& it to
el ectro-nechani cal requirenments of the packaged sem conductor product is

ot ural 1 edaur codel b N Gt R0 ar Gous mater i &l by-ptoducts
ot herwi se | i berwltereinisaidrseingied dotvintvaRBE K&l 1OR-RENHMIERs adidast one electrically
conducting material selected from a group consisting essentially of cbpper,
_  aluminum, and gold,
wherein said housing material comprises at least one housing material selected from
a group consisting essentially of a polymer and a ceramic, and
wherein said polymer comprises at least one polymeric material selected from a group

consisting essentially of an epoxy, a polyimide, and a bismaleimide.
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