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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

packagi ng structure. 1 BACKGROUND OF THE INVENTION

Inresponse to manufftcturing 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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i nprovi n@paﬁleasdamnmmduytorﬁhmhmt esent invention enploys a unique "stanped"
ang,{?or "bent" standard solder- 25 plated or pre-plated |lead-frane which is
packaged by a polyneric material during a nolding process, in contrast to
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i nvention involves providing a unique conpression-type nold, specially
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20 provides a mechanism for viewing the internally packaged integrated semiconductor circuits
(chips/die). Cost reduction is achieved by (a) optionally using polymeric materials, such as
epoxies, rather than conventional related art ceramic materials for packaging devices, and (b)
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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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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20 packaging apparatus having packaging mold-lines shown with respect to a leadless
semiconductor device configuration having a stamped lead-frame and a flip chip located
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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20 invention, '
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



Figure 5 is a flowchart of a fabrication nethod for packagi ng a w ndowed
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invention. 25 . Reference nunbers refer to the same or equi val ent parts of
t he present invention throughout the several figures of the draw ngs.
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20 Figure 1C is a cross-sectional view of a third embodiment, a near chip-size thermal
leadless semiconductor packaging apparatus 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
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' Figure 1G is a cross-sectional view of a seventh embodiment, a near chip-size leadless
20 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
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20 conductive material such as copper, al_ld a wire 50 formed from a conductive material 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,
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limited to the use of dual channels, but may utilize at least one channel as required by the

given semiconductor circuit to be packaged. The cured polymeric material body 13 has an
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
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conprises the steps of: (a) providing at |east ohe stanped |ead-irane
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non-el ectrically 10 conductive adhesive material as indicated by process
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mol di ng as indicated by process block 800, and (i) shipping the at least one packed leadless

semiconductor packaging apparatus 1000 as indicated by process 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




conpound, by a techni que such as hot conpression-nolding using a hot-press

havi ng an upper platen.and a |ower platen, effecting a unitBPECEMBER 2003
orifice fromwhich the external |ead 15 portion extends via a conpressive

force and a nominally localized-deformation, thereby fornming the at |east
--one | eadl ess seni conduct or packagi ng apparatus 1000, as indicated by

rocess bl : LN | at l.east ane .fqrned |eadl ess
"’ E eni conduc@%ﬁ%@cﬁ%&*ﬁ%?ﬂgggﬁ% lilggl{) ngs, {eﬂg}lgag e B@P"%F%}f}‘é@ HogeeIvE00,
(9) si nguladhesivs matedialas indicastd pnprocésa biuck B3O8 kEVbdmRIat L& e HOM MO ALUS LR at
packagi ng PaL ALY 10Q0 I ndi c @Fﬂ by process block 20 700, (h) packing
the at le §={§ @%ege%qgﬁdﬂ‘%&%ﬁgﬂ létam%? c éﬁ%l,c,(shwékh@g ajeindasgonta theppelded lead-1000
as i ndi catfegnhd ; ' Lopi | east,.one.packed
aadl ess on Sanurne B AR e 4 S einabie PR Balcfa B pr GRS ERE S
bl ock’ 900.therelj fermsing |thavat heast ene fradipenericoridatior pakaging aRjaracs 2000, 0

packagi ng a i ndowed | eadl ess sem conduct or packagi ng a par at us
2000, in é@%:rléirn aﬁ’%elg%?ttﬁmﬂ%@e%rtggé‘ﬁﬁeasﬁﬁﬂ?% i WHdowed hesdless se 8

the steps patkagii) apphauisP000 a8 indi@BA byORBes W%O%?ﬁgﬁ%@g%@g igpﬁa&to Least

one Iead,ézli?/ re-plating a |lead-frame material as | roces
bl ock  10235er-BYarked) windgwedh ieadlesy semjeongheios paskpeids ppparplua 2600, | Radditaedeyi n a

pol ymeric ' 0, ' | di.ng _coppoynd, by a technique
Clch a5 horoicar L1050 paPfind dRCIOHERE bfc HBRhRE s SRIRGH g spicpndsrit on
and ¥ | owpecksgingepparaful 2600 apindicated gy praves Hiog 808 fid®) §l£ji§’[i1}1g?‘ﬁle%ie§§} ohbe
ext er nal Ig(gg polfr}éi on lex(%lends via a conpressive force and a nomnally

| ocal i zed PAcEH VYl tea s SpgiconfuctorRackieingappartus 2000 @8 jndicafeddyvpmoeesor

punch- cut bigeg 90be | ead-frame material as indicated by process bl ock 101,
(d) attaching a die to the at |east one |ead-frane 10 16 DECEMBER 2003 ‘'

(die attach) adnfPrsstioatsdermn phooeas! disotbed2letaflels felly bapgblehd attaining the

non- el ect Li,Gal dokcr | | ve materjal as indicated by process
bl ock 303 ,ﬁ@éf ) b%‘n“%iaﬂ’%f%* e AOERY e R o e b dinent ohred hvsarans
i ndi Fat ed aby ispthus.gepretsnttive d0he s@igdctinnmtepivhich g HoMl Q&ﬁ@é@ﬂﬁﬁd%?%ﬂﬁle&ﬁfj
| ead- fr a%epé{o a%éi r}% ? seal ant such as a UV-curabl e epoxy as indicated
by process bl 0K OB O W&P’é"ﬁ?ﬂtF‘Bfﬁﬂﬁlﬁ’fgﬁllﬁ gncemppesgsetherembodmatingssshich may.
seni condubt@mqusioug totHoRRRMERNRe 20 A is tdPe HBaiRGrdi : hni ques’,
the at |east one, forned w ndowed | eadl elés seem cohd%gﬁdo’rgyy’{ﬁggﬁé@%ﬁgwrﬁ&’
appar at us %m%&di chams avkegeip yeforeoectoanislandnt 60te singhlas isngi liténdeg 16 hramt
| east one«ohASES iR bk&IuMh s,.sem, conduct or packagi ng appar at us
2000, as indi cat %rg§py pr osg gsgéﬂg?l%gﬁgg%?’ bittrethe ‘gae0g nﬂ‘ﬁg af\ﬁl stryetura ged
T crt o e B o Lo st e e W G! DRk BB 00 2
i ndi cate ..PI 9cess ..bl oc 5 an shi ppin e at | east one
- a&éﬁngﬁa émbodiments lf:ha% are’known t(g th)ose of o%?inar?r skill in the art are hereby expressly
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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 regardless of whether the element, 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,”
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enconpassed by e ,pfifogygﬁ{ngd ai ms. Moreover, no requirenment exists for a
devi ce or net hattimpeadidasardP68nabd #4RE Y Probl em sought to be resolved
by the present invention, for such to be enconpassed by the present clains.
25 Furthernore, no &tidsiamped dowpwargii bens leaddtanmrhayingmni intetrhaklepd po@ioh and

di sclpsure is intended t i d to the public regardl ess of whether
the el ement, conponent, %Q%f‘ﬁg%%éﬁérgwflsan&expl icitly recited in the

clainms. However, it saifictampet dowsraidlyybeappad ShinettRidoif $RcRicalUotiabek¥n Sttd | |
in the art that various cha,nge‘ and, nmpdifications in form sem conductor

material, and fabricatioff {ORCIeEEai | nmaybe nade without departing
from the spirit wasing eBmepf the inventions as set 30 forth in the appended
claims. No claimherein is to be construed under the provisions of 35
U.S.C. 112, sixth pé&tiddeuirg membesemising ehesingimateiqy agls| y recited using
the ghrase "neans fQr..' CEMBER 2003 CLAIMS 5 10 What is clai ned:
$hid holishus %‘rg% c‘i“""ﬁ?éﬁ% %Fﬁﬁ?ﬁ?da@r)%@‘”faéﬁﬂws@léﬁﬁ-ﬁ@ﬂ%\

1. A leadl ess sem con

senmi conductor circuit, emmekpeimgat @eagttaﬁ@geméﬁmwgﬂinyop@@& %&&Hélffeﬁ‘tfm’
sai d stanped downwardly Ingrrt]{[o | ead-frame having an internal |ead portion and
ns;

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.
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an external |ead portion, and said stanped downwardly bent |ead-frane being
in electrical contact wwth said sem conductor circuit; a hMBBDEQEMBER2003
sai d housi ng nenber conprising a housing material, and said housing

mat eri al encapsul ati ng said stanped downwardly bent |ead-frame and exposing

t | t . i i | ; . i nd
M menblr ansaesS M doihat Soat oG MPura s rBREd WEOm o 110
menber, and Wheedi shidvbditiovnducehr iabie co@prizest Si ng at | east one visually

transparent material _selected froma group consisting essentially of a
pol ynmer and adigfastgne dieiarhpad.seat , sai d seal ant seat conprising at | east

onechannel i SpoSgHleh & WARBbna el LGS ¥ moahly BRYSH . TEARSLe Sl

providing a |larger sealing surtace area; an a seal an sai d

seab ant mat eratdeasbenepontledpoised bet ween sai d housi ng nenber 20 and said

wi ndow |l id nenber wthin said at | east one channel for preventing

cont ani nant ent ry. Wierein enre bensied Jirgeifectsanaaectgealicornsgtion betwsemduct

packagi ng appar at us, assari@ﬁiréxﬁfjadéfl‘sezl' aﬁt@%,lg%dggﬁ&gﬁ,n sai d sem conduct or

circuit conprises: at |east one erein said sem conduct or
circuit is nountedwbereimbaidditeleast tome tbaquadd vwinel compaited sakastone: bleagiealiy r e,
wherein said at | east one bonded wire effects an el ectrical connection

between said circuit afRPAUging mRfctial spiepted drosmra BENP Comsisting essendnllyt of east

onggbonded wire conpris 8t AneadbmC8d Eb]]gct rically conducting materi al
selected froma group co gi sting essentfalfy of 10 copper, alum num and

gol d, wher ei nwhereth baid diongingamateriall camprives se sompressipn-arddednhomsingeshatesidsi ng

raerial y o ehosedd R draetof S Mhd fad 3ia S%eske She hOSRG WIS ARG

internal lead portion, ,
wherein said housing material is not disposed around said lead external portion, and
15 wherein said stamped downwardly bent lead-frame comprises a thin lead frame
material having a desired configuration for facilitating fit of said leadless

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

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.
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internal |ead portion, wherein said housing material is not disposed around
said | ead external portion, and 15 wherein said stanped doDEQCEMBER2003
| ead-frame conprises a thin lead frame nmaterial having a desired
configuration for facilitating fit of said | eadl ess sem conductor product

packagi NG, appaK §allfess gbnﬁcéﬁ(ﬁl%tdr réddcfpeka b Z& deited i Maifily P- I 26

%hg%ﬁ%ﬂaﬁ .

3. A leadl ess sem conductor product packagl Rg apparatus, as recitéd in
claim 2, wher évhereiasiid honsing necaobelr camprisest cecanapressim-molded blsnsisg material r ange
of 6 mls or less for.facilitatin tanmpi ng and downward bendi ng of said
Cead frame. 4 ietoin i QEuichob el SURRE dutn o SORME g RpBEIeACUR0Ing
recited in claim2compei@i,n a die is attachable, by a non-electrically
conductive polyner, to each said internal portion of said stanped

dowdwar dl y berthere¥asaid esternalilead portoEdEMg®EReAR003 5. A | eadl ess

seni conduct or kagi aratus,.as.recited in claim1, wherein
sai d housi ng nt%é’rl{g@# ﬁ%gﬁgﬁ]igs%%&gergtﬁgﬂfeéé)& %@%‘F@%‘deﬁgﬂ%‘?ﬂﬂ& W erial ,
wherein sai d clrebyeawiding GBIfSHnD 08 54id 9x@Rial fdad pof@IIPT | Ses a pol ymeric

nol di ng conpound, 5 whereby said external |ead portion is exposed, thereby
preserving a sol derable area on said external |ead portion, and thereby

avoi di nggde- f | ,aghi .Saj | lead portign. 6. A |l ead]es

sen condast or Ap?cg%gstS%Iﬁ‘é‘g‘i?&gf’tﬁébggﬁgg‘r%ﬁ, ,mgg?ffaé%\lﬁ’élﬂ r?‘ﬁ‘eglnéf:iﬂ’ﬁi’ wherein
sai d stanped cdwrelassill gtahpet dosadafdlpBentdemMPiriHe Sodpritcdas lea_émﬁle%ie%fricrangal Iy

conducting material selected froma group consisting essentially of copper,

al um num and gol dconlugiiag anaterialjsqlepied Srom angtoupiconsis@ngessesiallyiofl eepptr, one

housi ng mat eri al S%\ﬁﬁﬁ&ﬂ f4PMgd 9roup consisting essentially of a polyner
and a ceram c, and erelh sa c} pol yner conprises at |east one polyneric

mat &ri al sel ewthertid saidihaugng umteriad vomptiscaGit &SSEd IdusingGhatéial SPRY¥d fdm
polyimde, and a bismaleimde. 7. A nethod of fabricating a |eadl ess

sem conduct or pr pdﬁ(,gf("l?a@?é’ﬁl%e%%%ﬁ“éﬂfé Rabymenyadidepragicaardni conduct or
circuit, conpihstedsdidBolshiRPeoRprisddaPishdiond p@lyﬁfeﬁ%‘?erﬁ? @Q%@&i%%m%eé]rtoup

| ead-framne, o
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




sai d stanped downwardly bent |ead-franme having an internal |ead portion and
5 an external |ead portion, and said stanped downwardly bentg DECEMBERS2003
being in electrical contact with said sem conductor circuit; providing a
housi ng nmenber, said housing nmenber conprising a housing material, and 10

sai d housing materi al enga su}aati ng sai d stanped downwardly bent |ead-frane
and exposi ng at |east offd""L%} lfamAagTaup copsisingressentiplhont 2 polamer ardia gloss;i ons:

providing a V\ﬂoflﬂiﬁiﬁddeﬂlaﬁ?négﬁ@ald%eﬂﬁgtsbﬁréogl&/n?@gqgé%%%h@ghz[ﬁgpcﬁgpo%&f?ﬁ%,Igl ng

said window |id nenber; 15 saird w nd er conprising a ast
one visual |y transipneeaurfacetafrsadl hasingemOBEBREMBERr@A0iBg 3l aet @chlfngQiirRcgr oup
consi sting essentiaekl y..aof a polyner and a glass; formng a seal ant seat,
sai d seal ant seat €6 sing at | east one channel disposed on an upper

su2d ace of sairdvidaissd ealanBRRefial Mid Qéa@aﬁtﬁiawia%éig%gﬁg%st%&%lew&n§+1&§§§s§ngg

area; and 20 providing a sealant material, said materi a

di sposed bet ween sEfMb¢fousi pajd windde lidnember dvithimdaid 4ti ldasrainbashaiid! Fon
said at |east one channel for .preventing contam nant entry. 8. A method,
as recited in cl aip%e ,nt%ﬁgpgﬁaﬂ’llg’gfantg%m conductor circuit conprises: at

| east one die attach pad, wherein said sem conductor circuit is nounted on
said die attach pad; and_'5 at |east one bonded wire, wherein said at |east
one bonded wif @ethqde@s seciieddn eloim7cal connection between said circuit and

sai d inteérnal ri i n.said at | east one bonded wire conprises
at | east one v(va egc rslgfgiaﬁlekﬂg&ng}gér}gtglﬁ%écoﬁgﬁr&ef'aI selected froma group
consi sting ess st ald die aftachfhdgopper, al umi num and gol d, wherein said
housing material conprises a conpression-nol ded housing materi al

wherein said semiconductor circuit is mounted on said die attach pad; and

5 at least one bonded wire,
wherein said at least one bonded wire effects an electrical connection between
said circuit 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.
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di sposed around said die attach pad, said at | east one bonded wire, and
said internal |ead portionh, wherein said housing materi al {1GEDECENBER2603
around said | ead external portion, and 15 wherein said stanped downwardly
“~bent lead-franme conprises a thin |ead frame material having a desired
configuration for facilitating fit of said | eadl ess ~sem conductor product
packagi ng dpar At wethod, s micited imclaint 8D ehenfin QNJiPiShtRhbKle, BEIoflidR rﬁiaﬁg'

9. A nethod, as,recited in claim% gnerein said thin lead frane ma%erl I
has a t hi ckness O RCLYE RAYBCL 0 gaqk said iterpalporiion of seid bamped dewswandhy bayt and
downwar d bendi ngagffragal d | ead frane. 15 16 DECEMBER 2003 10, A nethod, as
recited in claim8, wherein a die is attachable, by a non-electrically
conductive polymer, to each said internal portion of said stanped
downwar dl yqpent frame, (11.. A pgethod, as recited in claim7, wherein
sai d housi %g rreﬁbdé?&ﬁgddr%??cétgg '%Clé‘%*gsessi on- nol ded housing material,

wher ei n sai d cowheressiaghhdmRindese biE bR LEL ] i ol yneri.c

nol di ng conpoungd, 5 Mereblﬁsaidﬁ%%gﬁgj& :ﬁecredg?r%sgfra%ﬁa?@h%f% sré‘ f,&“"’fl’nereby
preserving a soVB&fHbiaid gemapregyionsmplfed housing materiat cpaptiies, podiflerid R@IdRkpY
avoi di ng de-flashi ng.pf,5a4d external lead portion. 12. A method, as
recited in claim?7, Wné)rel N said stanped downwardly bent |ead-frane
conprPses at Ieabftrehmmi@bnemalleadbmﬁaﬁmmgéag material selected froma
group consi sti r}ﬁere sent i al I%‘1 of copper, alumnum and gold, 5 wherein said
housi ng nateri a 8@%‘8@?&“ sqldezahic arca ogaid; extpraaldendipartioglaedt ed from a
group consi sti nleRb aRdilimb|dé-REhia Q%ﬁcﬁiteﬁ]@fj}eﬁ‘d ﬁgrlan‘i c, and wherein said
pol ymer conprises at |east one po?ymarl CratertaPofected from a group
consisting essentially of an epoxy, a polyimde, and a bisnal eimde. 16

Ui

_ AMENDEO 13 A method, as recited in claim 7 ,
wherein said stamped downwardly bent lead-frame comprises at least one electrically
conducting material selected from a group consisting essentially of cbpper,
_  aluminum, and gold,
5

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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~ j 16 DECEMBER 2003 LEADLESS SEM CONDUCTOR PRODUCT PACKAG NG APPARATUS
HAVI NG GLASS W NDOW LI D AND METHOD FOR PACKAG NG ABSTRACT A6 DECEMBER 2003
nat ur al -resour ce-conservative, environnmentally-friendly, cost-effective,

| eadl ess semi conductor packagi ng apparatus (1000), having superi or

mechani cal a tional w ndowed
housi ng whi chngﬁﬁﬁ‘ﬁéquggﬂég?§wntbm%§@ww&ﬁ&f@ A/Réw the
internal |y padkﬂ'gﬁdGl(BLASS@VB@D@WL@DWNUMET‘HOE‘FGI@P(Ak %h@ He)  (40). A
uni quely stanped and/or bent |ead-frame (30, 41) is packaged by a polyneric
material (12) during a unique conpression-nolding process using a nold,
specially contoured to avoid the c gg]fWer- packagi ng" problemin
related art techniques. The specially oured nold facilitates

del i neati on of the internal portions fromthe external portions of the

| ead-fra L_he external portions are the effective sol derabl e areas
that corftact? t'ﬂfé LCSGHICE COPFSINRIEYF: C i ?W@ﬁmﬁiﬂu—ffwh@bfebwoavcﬁf@Img aldadless i ous

envi ron g de- flashln ni ng
t he dev[ggﬂgﬁ(?ggﬁgg? gdcgﬁﬁglé%s@?%hﬂ g?pgfes& “HBFTYeE HEF @f‘i E?FH%H Ges a
conpr es snrvleersealandglaamgf arceptionahwitkiowkd thoasig ftedh ¥Eqedy d@dl@@hd? pPBds Pf

the | ead-f ext.end and be exposed and, thus, avoid being coat ed with
t he pol %ﬁ‘ eré”‘%ﬂlﬁd’éﬁew 3 Peskaged insserated Sﬁmcenmtorgawag (crigps!dne)

i nt er nal(d@or tA welv kfag Fﬁe‘,ﬁb f ta

and/ or lge%) gﬁ%rrﬁ ng P%‘?tad%d@&?gtﬁtréeaﬁe aeﬁ?%:b ‘iﬁnﬁc# oqcﬁ eIt

particu Ilmfersfdrﬁl‘)ommm a)limgmmmressap-mnidmgqiryc@s asing ﬂﬁlom@b@ialﬁfwﬁ’tdiﬁed the
rel at ed @rg Ifoetchln he Iead formn
el ect r o rdeRidn! a‘i aeR, E‘?’r'éf‘i‘? aging” piok eﬁ‘b&ké‘gé@dﬁh’%@&‘é‘#ﬂ%t o hpsperidlty i s

no | ongedntoaspd meld fadiiMics ABHRAtGh oSBE AR ibrss fréif eéfﬁgnﬁﬁao g&&@%ﬁf}’ﬂe“g

natural -resources and by elimnating hazar ous nateri a
ot her wi d&driryae aasche iexteinal goeipnapre the ckfagivegsolderibie qreas thallontact pads on a

printed circuit board, thereby avoiding a laborious environmentally-unfriendly masking step

and de-flashing step, streamlining the device packaging process. The compression-mold
effectively provides a compressive sealing orifice from whiéh the effective solderable areas of
the lead-frame may extend and be exposed and, thus, avoid being coated with the polymer
which is uniquely contained by the mold for packaging the internal portions of the lead-frame,
The lead-frame is uniquely stamped and/or bent, conforming it to electro-mechanical
requirements of a particular semiconductor product. By uniquely stamping and/or bending,
the related art “half-etching” of the lead for conforming it to electro-mechanical requireménts
of the packaged semiconductor product is no longer required. Environmental enhancerent is
achieved by conserving natural resourdes and by eliminating hazardoﬁs material by-products

otherwise liberated in related art packaging techniques.
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