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LEADLESS SEMICONDUCTOR PRODUCT PACKAGING APPARATUS
HAVING A WINDOW LID AND METHOD FOR PACKAGING
RELATED APPLICATION

This application is related ic co-pending U.8. Provisional Patent Application, Ser. No.
60193,319, filed March 30, 2000 and U.S. Non-Provisional Patent Application, Ser. No.
09/668,423, filed September 22, 2000, both entitied *LEADILESS SEMICONDUCTOR TRODUCT
PACKAGING APPARATUS ITAVING GLASS WINDOW LID AND METHOD FOR
PACKAGING,” by the same Applicants.

TECENICAL FIELD

The present imvention relates to semiconductor preduct packaging and methods of
fabrication for producing a packaged semiconductor product. More particularly, the hresent
invention relates to leadless semiconductor product packagp and methods of fabrication for
producing keadless packaged semiconductor product. Even more particularly, the present
invention relates to leadless serniconductor product packaging and methods of fabrication for mass-
producing packaged semiconductor preduct without employing time-consuming, environmentally-
unfriendly related art fead-frame etching aed de-flashing techniques.

BACKGROUND ART

In response to mamufacturing cost concerns relating to populating printed circuit boards
with elecironic produci having the requisite functional circuits, the semiconductor product
packaging indusiry has developed a leadless circuit component product (also kaown as a surface
mouatable electronic product), hereinafter referred to as a “leadless product.” The leadless
product, as the name implies, is a packaged electronie product that does not require the use of
physical leads for being inserted into mmating holes provided on a planar board as a wechanical
mounting means nor as an ¢lecteical connection with other electronic components forming the
circuit on such a planar board. In general, the leadlisss product facilitates manufacturing of a
printed eireuit card, thershy climinating the inserting of componeat leads into the board holes and
the soldering of these leads to the board’s solder pads. The leadless technology has been well
accepled as an option for packaging clectronic components since eatly 1950, By example, a
current related art indusirial 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
bz available in & Jead-type packaging struchire.

JP 2004-500718 A 2004.1.8
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In {he related leadless semiconductor praduct packaging art, “half-etching” teclimiques are
used for forming the lead-frame, genetating considerable hazardous material (e.g., acid waste,
melals waste, and possibly orgenic solvent waste); and an adhesive tape is used to temporarily
mask effective solderable areas of the lead-trame (also known as the "outer O™ from the
pavkaging material te be applicd doring the molding process in order to preserve snch efiective
solderable areas of the lead-frame I an un-insulated state, generating undue tape and possibly
organic sedvent waste. Inanother related semiconductor product packaging art technigue, the lead-
frame is completely packaged by a molding process; and the effective solderable areas of the lead-
frame maust be subseguently “de-flashed” in a process wherein such portions are blasted with a
highly pressurized aqueous slurry of parifeulates {i.e., wet-blasting} to remove the “over-
packaging.” ihereby generating considerabie hazardous maierial in the form of polymeric waste
slarry.  Thevefore, a need exists for providing a natural resource-conscrvative and

environmentally-friendly method and apparatus for packaging a feadless semiconductor product,

DISCLOSURE OF INVENTION

The present invention, a leadless semiconductor packaging apparatus, provides a cost-
effective product, having soperior mechanical, electrical, and thermal properties, and having an
optional window lid featire (L., a sight Hé) wiich not only wniquely seals, but also provides a
mechanism for viewing (be internally packaged integrated semiconductor circuits (chips/die). Cost
reduction is achigved by {a) optionally using polymeric materials, such as epoxies, rather than
comventional related art ceramic materials for packaging devices, and (b) simbl.i.fymg the packagmng
process, thereby improving productivity.

The present invenfion employs a imique “stamped” and/or “bent” standard solder-plated or
pre-plated lead-frame which is packaged by 2 polymeric materizl during a molding pracess, in
confrast 1o the related art *halfetched” lead-frame. The process of the present invention involves
providing a unique compression-type mold, specially contoured 1o aveid “over-packaging,” of the
effeciive solderable areas of the lead-trame which is a common problem in the related art
techniques. Applicanis’ invention results in sweamlining the device fabrication and packaging
process. The specially contoured compression-mold facilitates delingation of the internal 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 board. The mold effectively provides a

JP 2004-500718 A 2004.1.8
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“zompressive sealing otifice” from which the effective sulderable areas of the lead-frame may
extend and be exposed and, thus, avoid being coated with the polymer which is contained by the
mold for packaging the internal portions of the lead-frame, thereby avoiding a laborious masking
step and a tedions de-tlashing step.

The present invention applies the unique tocheique of “stamping” and/or "bending” of the
lead-frame, thereby copfouming it 0 electro-mechanical reguiremenis of a pariicular
semiconductor preduct. By stamping and/or bending the lead-frame material into the desired
configuration, the present invention does not require old art "half-etching” of the lead for
conforming it to ¢lectro-mechanical requirements of the packaged sermicenductor product. By
example, the related art process “half-etches” the lead-frame (¢.g., 10 mils of raw conducting
material are ciched to about 5 mils, thereby generating a large volume of acid and conducting
material hazardous waste} in order to creste the requisite shape. Thus, thinmer lead-frame
material, sach as that in a range of 6 mily or Jess, way be used with the present jovention. The
present invention offers several more distinctive advamages: (s} customer-specifiable package
size, () applicable existing surface mount technelogy (SMT) processes, {c) overall improved
performance at & lower cast, (d) complete absence of hazardous maierial by-products in full-scale
production (enviconmentally-iriendly, i.e., no acid wasie, no metals waste, 1o ljheration of volatile
organic compounds, and no solid polymeric shny waste), and (e) thinoer lead-frame material

{natural-resource-conservative).

BERIEF DESCRIPTION OF DRAWINGS

For a betier understanding of the present invention, teference is made o the below-
reterenced accompanying drawings.

Figure 1.1 is a cross-sectional view of  mear chip-size basic leadless semiconductor
packaging apparatus having packaging mold-lines shown with respect to 2 leadless semiconductor
device configuration having a dic Jocated in the “up” position with a wire bonded to a stamped lead
frame and another wire honded to a die attach pad, in accordance with the present invention.

Figure 1.2 is a cross-sectional view of a near chip-size leadless semiconductor packaging
apparatus baving packaging mold-lines shown with respect to 2 leadiess semiconducter device
configuration baving & stamped lead-frame and a die with & wire therebetween bonded in the
*down® positinn, in accordance with the present invention.

Figure 1.3 is a cross-sectional view of a near chip-size ihermal leadless semiconductor

JP 2004-500718 A 2004.1.8
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packaging apparatus having packaging mold-lines shown with respect (o a Jeadless semiconductor
device configuration having a stamped [cad-frame and a die with & wire therehetween bonded in
the "up” position and with the die sharing a cominon die attach pad, in accordance with the present
mvention.

Figare 1.3z 15 a cross-sectiomal view of a near chip-size thermal lcadless semiconductor
packaping apparatus having packaging moeld-lines shown. with respect to a leadless semiconductor
devies configuration having a stamped lead-frarme and 2 die with a wire thetebetween bonded in
the "up” pousition and with a lower surface of the die attach pad being unmoided {i.e., expased),
in accordance with the present nvention,

Figure 1.4 is 2 eross-gectional view of a near chip-size leadless semiconductor packaging
apparatus having packeging mold-lines shown with respect to a leadless semiconductor device
configuration having a stamped lead-frame and a cenfer pad located bencath, the staroped lead-
frame with a wire bonded therebetween in the "up” position, in accordance with the present
invention.

Figure 1 4a is a cross-ssutional view of a near chip-size (padless semicopductor packaging
apparatus having packaging mold-lines shown with respect to a leadless semdiconductor device
configuration having a stamped lead-frams and a center pad located beneath the stamped lead-
frame with 2 wire bonded therehetween in the “up” position and a lower surface of the center pad
being unmolded, in accordance wirth che preseni invention.

Figure 1.4b is a cross-sectional view of 2 near chip-size leadless semiconductor packaging
apparitus having packaging mold-lines shown with xespect w a leadless semiconductor device
configuration having a stamped Jead-frame and a flip chip kcated beneath the stamoped lead-frame
with at least ope conducting pariicle contacting and being disposed hetween the lcad-frame and the
flip chip, in accordance with the preseat invention.

Figure 1.4c ir & cross-seciional view of a chip-size Jeadless semiconductor packaging
apparatus baving packaging mold-lines shown with: respect to a leadless sericonductor 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 1.5 is a cross-sectional view of a chip-size Jeadless semiconductor packaging
apparamus having packaging mold-lines shown with respect to a lepdless semiconductor device

configuration having a die located on a lead-frame and a wirc bonded therebetween in the “up”

JP 2004-500718 A 2004.1.8
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position, in accordance with the present invention.

Figure 1.6 is a cross-sectional view of a chip-size lendless semiconductor packaging
apparatus having packaging mold-lines shown with 1espect to a leadlass semiconductor device
configuration having a die located on at Jeast one Jead-frame and a wire bondad therebefween in.
the “up” pesition, in accordance with the present invention.

Figure 1.7 is a cross-sectional view of a chip-size leadless scmiconductor packaging
apparatus having packaging mold-lines shown with tespect to a Jeadiess seniconductor device
configuration haviog an exposed die laterally located with regard to the lead-frame and a wire
bonded therebeiween in the “up” position, in accordance with, the present invention.

Figure 1.8 t5 a cross-sectonal view of a leadless semiconductor packaging appasatus
having packaging mold-lines shown with respect to at least one leadless semiconductor device, as
would accur during a manufactaring process, in accordance with the present. invention.,

Figure 2.Q is a cross-sectional view of & windowedt leadless serniconductor packaging
apparatus with a leadless semiconkuctor device configuration having a stamped lcad frame, a die,
and & bonded wire being packaged by a sight lid sealed against a cured polymeric material having
& flash mold-line located at the intevior portion of the stamped lead frame, in accordance with the
Present invention.

Figure 3.0 is a perspective view of a windowsed leadless semicorductor packaging
apparatus having a stamped lead-frame having a plurality of leads sharing a common die by
bonding a wire thereberween as viewed twough # sight 1id, in accordance with the present
invention.

Figure 4.0 iz a flow-chart of a fabrication method for packaging a leadless semiconductor
packaging apparatus, in accordance with the present invention.

Figure 5.0 is a flow-chart of a fabrication method for packaging a windowed leadless
semiconductor packaging apparatus, in aceordance with the present invention.

Reference numbers refer to the same or equivalent parts of the present invention thronghout

the severa) figures of the drawings.

MODE FOR CARRYING OUT THE INVENTION
Figure 1.1 illustrates, in cross-section, a first embodiment, 2 "near chip-size” leadless
semiconducter packaging apparatus 1600 (i.e., where the packaging and external lead portions
extend minimally bevond the plao-form area of a given chip) baving packaging mofd-lines 10 and

JP 2004-500718 A 2004.1.8
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a unique “stamped” and “bent” lead-frame 30 formed by *stamping” and "bending” a conductive
maierial such ag copper, with an effective solderable length 60 and effectiog a bend 34, the unique
stamped and bent Jead-frame 30 being uniguely compressively retained by a rold 11 (not shown),
in accordance with the prosent mvention. Other Jeadless semiconductor device components therein
shown are a die 40, a die attack pad 41 which may be formed of a pad metal, and a bonded wire
50 formed from a condoctive material such ag gold. The mold 11 (oot shown) uhiguely etfectively
retaing, by compression (e.g., using & bot-press), a polymeric matorial 12, such as a palymeric
molding compeund, for sucrounding only the interior portion of the stamped and bent lead-frame
30, thereby wniguely preserving 2 clean solderable area on the stémped and bent lead-frame 30,
and thereby avoiding the environentally-unfriendly related am need for de-flashing of excess
packaging material, A method for trimming the stamped and bent lead-frame 30 may include
sawing or punch-cutting in the direction ndicated by arrow 70.

Figure 1.2 is a cross-seciional view of a second embodiment, a near chip-size leadlezs
serniconductor packaging apparatus 1000, having packaging mold-lines 10, a unique starnped 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 honded in the “down” pasition, in accordance with the present invention. These
cotuponents are uniyuely compression-molded in the manner discussed with respect to Figure 1.1

Figure 1.3 is a cross-sectional view of a thitd emboditnent, a pear chip-size thermal
leadless semiconductor packaging apparatus 1000 baving packaging mold-lines 10, a unique
siamped and bent lead-trame 30 formed by stamping and bending a conductive material such as
copper, effecting 2 bend 34, and a die 40 with a wire 50 formed from & conductive material such
as goid, therebetween bonded in the "up” position and with the stamped and bent fead-frame 30
and the die 40 sheving a cornmon dis atech pad 41 being unmolded (i.¢., exposed}, in accardance
with the present invention. These components are uniquely compression-rolded n the mapmer
discussed with. respect to Figure 1.1,

Figure 1.3a is a cross-sectional view of a fourth embodiment, a near chip-size thermal
leadless semiconductor packaging apparatus 1000 having packaging inold-lines 10, a unigue
stamped and bent lead-frame 30 formed stamping and bending a conductive material such es
copper, effecting & bend 34, and a die 40 with 4 wire 50 formed from. a conduciive materiai such
as gold, therebetween bonded in the “up” position and with a lower surface of the die atiach pad

41 being unmiolded (.., exposed), n accordance with the present imvention. These components
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are uniquely compression-molded in the manner discussed with respect to Figure 1.1.

Ligure 1.4 is a cross-sectional view of a fiftk embodiment, a near chip-size leadless
semiconductor pack*agi.ﬁg appavatus 1000 having packaging mold-lines 10, a unique stamnped and
bent lead-frame 30 formed by stamping and bending a conductive materizl such as copper,
effecting a bend 34, and a center pad 40 Jocated beneath the stamped and bent lead-frame 30 with
a wire 50 formed from a conductive material such as gold, bonded therebetween in the “up”
position, in accordance with the present invenlion. These components are uniguely compression-
melded in the manner discussed with respect to Figure 1.1.

Fipure 1.4a is & cross-sectional view of 2 sixth embodiment, a near chip-size leadless
semiconductor packaging epparatus 1000 having packaging mofd-lines 10, a stamnped and bent
lead-frame 30 formed by stamping snd bending a conductive material such as copper, effecting
2 bend 34, and » center pad 40a located beneath the stamped and bent lead-frame 30 with 2 wire
50 formed from a conductive material such as gold, bonded therebetween in the “up” pogition. and
a Jower sutface of the center pad 40a being unnolded (i.e., exposed), in accordance with the
present invention. These components are wniquely compression-rnolded in the mamer discussed
with respect to Figure 1.1,

.Figure 1.4b iz a cross-sectional view of a seventh embodinent, a near chip-size leadless
semiconductor packaging apparatus 1000 having packaging mold-lines, 2 unigue stamped and bent
lead-frame 30 formed by swamping and bending a conductive material such a5 coppor, effecting
& bend 34, and a flip chip 40b Jocaled beneath the stamped and bent lead-frame 30 with at [east
one condusting particle 51 comacting and heing disposed between the stamped and bent iead-frame
30 and the flip chip 40b, in accordance wilth the present invention, These components are
uniguely compressiun—muldegl in the manner discussed with respect to Figore 1.1,

Figure 1.4c is a cross-sectional view of an eighth embodiment, & “chip-size” leadless
serniconductor packaging apparatus 1000 having packaging mold-lines 10, a unigue stamped lead-
frame 30 formexd by stamping a conductive material such as copper, and 2 flip chip 40b located
ahove the stamped lead-frame 30 with at Jeast one conducting particle 51 contacting and belng
disposed between the stamped lead-frame 30 and the flip chip 40b, in accordence with the present
invention. These components are vniquely compression-molkled in the manner discussed with
respeci to Figure 1.1,

Figure 1.5 iz a cross-sectiona]l view of 2 nimth embodiment, a chip-size leadless

semiconductor packaging apparatus 1000 (i.e., where the packaging and externzl lead portioas

JP 2004-500718 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(23)

WA 01/75938 PCTAISN /10390
extend very minimally beyond the plan-form arca of 2 given chip, where the plao-form package
area jg less than or equal 1o 1.2 times the die plan-form area) having packuging mold-lines 10, a
die 44t located on a unique stamped Jead-frame 30 formed by stamping a condictive materiai such
as copper, and a wire 50 formed from a conductive material such as gold, bonded fherehetwecn
in the "up” posiiion, in accordance with the present invention, These componcnis are umiguely
campression-mnolded in the maoner discossed with respect to Fignre 1.1. l

Figure 1.6 is a cross-sectional view of a ienth embodiment, a chip-size leadless
semiconductor packaging appatatus 1000 having packaging mold-fines 10, a die 40 located on at
least one unigue stamped lead-frame 30 forwed by stampiog a conductive material such ag copper,
and a wire 50 foxmed from 2 conductive material such as gold, bonded therebetween in the “up”
position, in accordagse with the present invention. These compenents are uniquely compression-
molded in the manner discussed with respect to Bigure 1.1.

Figure 1.7 is a cross-sechional view of an eleventh embodiment, a leadless semiconductor
packaging apparatus 1000 having packaging mold-lines, an exposed diz 40 laterally located with
regard to the nnique stamped lead-frame 30 formed by siamping a conductive material such as
copper, and & wire 50 formed from 2 conductive material such as gold, bonded thereberween, in
the “4p” position, in accordance with the present invention. These components arc upiquely
compression-molded in the manoer discussed with regpect to Figore 1.1,

Figure 1.8 illustrates, in cross-section, a near chip-size leadless semiconducior packaging
apparatus 1000, consistent with the third embodiment, having packaging mold-lines 10, at least
one unique stamped aund bent Jead-frame 3¢ which may be formed by stunping and bemding a
conductive maieriai sach as copper, effecting a bend 34. with an cifective solder able length 60,
being retained by a meld 11 {not shown) as would occur during 4 manufacturing process, in
accordance with the present invention. Other leadless semiconductor device components therein
shown are at least one die 40, at least one die attach pad 41 which mzy be formed of 2 pad meial,
and at Jcast one bonded wive 50 formed from a conductive material such as gold.  In packaging
a plurality of leadless semiconductor devices, a method for scparating the mass-produced packaged
devices in an assembly ling fashion may include sawing or punch-cutting in the direction indicated
by arrow 70, The mofd 11 (not shown) uniquely and effectively retains, via compressive forces,
at lzast ong polymeric material 12 for surroonding only the interior portion of the at least one
npigue stamped and bent lerd-frame 30 (i.e., without leakage to an exterior purtion the at least one

stamped leasd-frarne), thereby preserving clean solder able aress on an external portion of the at
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leasi one unique stamped and bent lead-frame 30, and thereby avoiding the related art need for de-
fiashing of excess packaging material.

Figure 2.0 iflustrates, o cross-section, another embodiment of the present invertion, a
windowed leadless semiconductor packaging spparafus 2000 having 2 Jeadless semiconductor
device comprising a unigue stamped and bent jead-frame 30 formed by stamping and bending a
conrductive material such as copper, effecting a bend 34, a die 40 adhered to a die artach pad 41
by a non-elgetrically conductive adhesive material 42, and a wire 50 forrmed from a material such
as gold, being packaged by a sight lid 80, formed frem a visually transparent material such as a
glass or a high temperaiie polymer, vniquely sealed against 4 cured polymeric material body 13
by a sealant material 14 such as a UV-curable epoxy resin, in accordance with the presenr
msention. Sealant material 14 is compressed by the sight lid 80 into an outboard channel 15 of
a unigue dual channel sealant seat such that a pertion of the sealant material 14 flows into an
inboard chanmel 16 for providing a uniquely Iarger sealing surface area and beiter sealing against
contaminant entry. T'he present invention, however, s not limited to the vse of dual channels, but
may utilize at least one chammel as required by the given semiconductor circuit to he packaged.
The cored polymeric material body 13 has an overlapping tapered mold line located at both the
exterior portion 31 and the inerior portion 32 of the stamped lead-frame 30 and 2 flush mold line
located between the die attach pad 41 and the interior portion 33 of stamped lead-frame 30. A
reinforced fill material 15 is cured unto & lower surface of the inferior portion 33 of the stamped
iead-frame 30, such intexior portion 33 formerly being uniguely compressively retained by the
mold 11 {oot shown).

Figurc 3.0 ilusirates, in perspective view, a windowed leadless semiconductor packaging
apparatus 2000 having a staroped and/or bent lead-frame 30 formed by stamping and/or bending
a gonductive material such as copper, such unigue stamping effecting removal of iead-frame
material as indicated by void 35, sharing 2 commoen die 40 by bonding a wire 50 therebetween as
viewed through the sight 13d 80 sealed against & unique sealant seat 15, 16 baving at least one
channel formed in the cured polymeric body 13, the polymeric body 13 being formed by the
foregoing unigue compression-molding technique, in accordance with the present invention.

Figure 4.0 flow-charts the general fzbrication method M-1 for packaging at least ome
leadless semiconductor packaging apparatus 1000, in accordance with the present invention.
Method M-1 comprises (e steps of; (a) providing at feast ope stamped lead-frame having uf least
one lead, by sawing or punch-cutting a lead-frame material as indicated by process block 100, (b)
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atiaching a die w the at leagt one lead-frame by applying a non-electrically conductive adhesive
material {die attach) as idicated by process block 200, (c) enving the non-electrically conductive
adhesive material as indicated by process block 300, ¢d) bonding a wire from the die to each of
ihe at Jeast one lead as indicated by process block 400, (¢} moldiug ihe semiconductor device
components in another polymieric Material, such as a polymeric molding compound, by a technique
such as hot compression-melding nging a hot-press havig an upper platen asd a lower platea,
effecting a unique sealing orifice fror which the external [ead postion extends via a compressive
force and a nominally localized deformation, thereby forming the at least vne leadless
semiconductor packaging apparatus 1000, as indicaied by process block 300, (f) marking, by
lasing, the at least one formed leadless semiconductor packaging apparatus 1000 as indicated by
process block 600, () singulating, the st keast oue laser-marked leadless semiconductor packaging
appatatus 1000, as indicated by process block 700, {h) packing the at least one singulated. leadless
semiconductor packaging apparatus 1000 as indicated by process block 800, and (f) shipping the
at least one packed leadiess semiconductor packaging apparatus 1000 as mdicated by process block
900,

Figure 5.0 flow-charis the general fabrication method M-2 for packaping at least one
windowed leadfess semiconductor packaging apparatus 2000, in accordance with the present
invention. Method M-2 coraprises the steps of: () providing at least one stamped lead-trame
having at least one lead, by pre-plating a lead-frame marerial as indicated by process block 102,
(b) molding the at least ope stamped pre-plated lead-frame in a polymeric materizl, such as a
pelymeric molding compound, by a technique such as hot compression-molding using 2 hot-preas
having an upper platen and a lower platen, effecting a unique sealing orifice from which the
external lead portion extends via a compressive force and a nominzliy localized deformation, as
indicatzd by pracess block 103, (c) sawing or punch-cutiing the lead-frame maierial as indicated
by process block 101, (d) attaching a die to the zt least one lead-frame (die attach) as indicated by
process block 202, (&) cuxing the non-electrically conductive adhesive material as indicated by
process block 303, (f) bonding » wire from the die to the at Jcast one Jead a5 indinated by process
block 404, (g) instailing a window onto the molded lead-frame by applying a sealant such as a UV-
curable epoxy as indicated by process block 505, therchy forming the ar least one leadless
seficonductor packaging apparatus 2000, ¢h) marking, by laser techniques, the at least one formed
windowed leadless semiconducror packaging apparams 2000 as indicated by process block 606,
(i) singulating the at Jeast one laser-marked windowe leadless semiconducior packaging apparaiis

10
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2000, 25 indicated by process black 707, (j) packing the at least one singulated windowed leadless
semiconductor packaging apparams 2000 as indicated by process block 808, and (k) shipping ihe
at least one packed winduwed leadless semiiconducior packaging apparams 2008 as indicated by
process block 909.

Information as herein shown and deseribed in detail is fully capable of attaining the above-
described object of the invention, the presently preferred embodiment of the Invention, and is, thus,
representative of the subject matter which is breadly conteraplated by the present invention. The
soope of the present invention fully encompasses other embodiments which may became obvious
to those skilled in the arl, and is to be limited, accordingly, by nothing other than the appended
claima, wherein reference ta an element in the singular is not intended to mean “one and only one®
unless explicitly so stated, but rather “one or more.” All structural and functional equivalents to the
elements of the above-described proferred embodient and additional embodiments that are known
to those of ordinary skill n the art are hereby cxipressly incomorated by reference and e intended
io be encomipessed by the present claims. Morcover, ne requirement exists $or a device or method
o address each and every problem soughi to be resolved by the present invention, for such to be
encompassed by the present claims. 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
ta those of ordinary skill in the art that various changes and moditications in form, semicenductor
material, and fabricafion material detail may be made without depariing from the spirit and seope
of the inventions 23 set forth in the appended claims. Mo claim herein is 10 be constroed under the
provisions of 35 U.S.C. 112, sixth paragraph, nnless ibe clement is expressly recited using the phrase

“means for."
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CLADMS

What is clzimed:

A Teadless semiconductor product packaging apparatas for packaging a semiconductor

cirenit, comprising:

a.

4 lead-frame,

saidl lead-frame haviog an internal lead portion and an external lead portion,

said Tead-frame being in electrical contact with said semiconductor circuit, and
said lead-frume being formed by stamping a lead frame material; and

4 livusing member,

said housing member coroprisivg a housing material, and

said housing material encapsulating said lead-frame such that said exterpal lead

portions are expesed 1o provide solderable regions.

The ieadless semiconductor preduct packaging apparams, as recited in claim i,

wherein said semicondnctor ¢renit comprises:

a.

at least one die attach pad,

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

at least one wire,

wherein said at least one wire is wire-bonded to effeot an electrical connection
between said citenit and said internal lead portion,

wherein said at least one wire is formed from an electrically conducting material
seiected from a group of clectrically conducting materizls consisting

essemtially of copper, aluminum, and gold,

wherein said housing matarial is further compression-molded around said die attach pad,

said at least one wire, and said internal lead partion,

wherein sald bousing material i3 not compression-molded around said lead extecnal

portion, and

wherein said stamped lead-frame is mechapically beni inte a desived configuration for

facilitating fit of said leadless semiconductor product packaging apparanis to a size

in a range of chip-size to near chip-size.
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The Jeadless semiconducior product packaging apparatus, as recited i claim 2, wherein

said lead frawe material has a thickness In a range of 6 mils or less,

The leadless semiconductor product packaging apparatus, as recited in claim 1, whesein

said lead frame material has a thickness in a range of & mils or less.

The leadless semiconductor product packaging apparatus, as recited i claim 4, wherein
said leadless semiconductor product comprises:
a. at least cpe die attach pad,
wherein said semiconductor eireit is rowated on said die aitach pad; and
b at jeast ong wire,
wheyein ssid at least one wire s wire-honded to effect an electrical conoection
between smd circuit and said internal lead portion,
wherein said at Jeast one wire 15 formed from an electrically conducting material
selected trom a group of electrically conducting materials consisting
eszentially of coppet, aluminum, and gold,
wherein said housing roaierial is further compression-molded avound sajd die aftach pad,
said at Jeast one wire, and said internal lead portion,
wherein sald housing material 35 not compression-molded around szid lead external
pottion, and
wherein said stamped lead-frame is mechanically bent into a desired configuration for
facilitating fit of said leadless semiconductor product packaging apparatus to a size

in & range of chip-size to near chip-size.

The leadless semiconductor product packaging apparatus, as recited i claim 1, farther
comprising:
a. s window lid member,
wherein said window lid member formns a portion of said housing member, and
wherein said window lid member is formed from a visually transparemt material
sclected from a group of visually transparent materials consisting essentially
of a polymmer and 3 glass;

h. a sealani. material;

JP 2004-500718 A 2004.1.8
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10.

o # sealant seat,
satd sealant seat comprising at least one channel dispesed on an upper surface of
said hovsing member for providing a larger sealing surface area, and
said sealant material heing disposed between said housing member and said
window lid member within said at least one channel for preventing

contaminant coiry.

The leadless sericonductor product packaging apparatus, as recited in claim 2, wherein
a die is attachable, by a non-clectrically conductive polymer, 1o each said inierpal portion
of said lewd-frame.

The leadless semiconductor product packaging apparatus, as recited in claim 5, wherein
a die is attachable, by a non-electrically conductive polywer, to each said internal portion

of said lead-frame.

T'he Jeadless semiconductor product packaging apparatus, as recited in claim I,
wherein said housing material comprises a potymeric molding compaund,

wherein sald housing member comprises said housing reateria) being compression-molded,
whereby said external lsad portion is sxposed,

thereby preserving a solderable area on said cxternal Jead portion, and

thereby aveiding de-flashing of said external lead portion.

The lzadless semiconducior product packagieg appatetus, s recited in ¢laim 1,

wherein said lead-frame is formed from at least ope cieetrically conducting material
selected from a grovp of elecirically conducting raterials consisting essentially of
copper, aluminum, and gold,

wherein said bousing material comprises at least one material selected from a group of
housing materials consisting essentially of a polymer and a ceramic, and

wherein said polymer is sefected from a gronp of polymers consisting essentially of an

epoxy, a polyhnide, and a bismaleimide.

JP 2004-500718 A 2004.1.8
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11.

A moethed for fabricsting a leadless semiconductor product packaging apparatus for
packaging a semiconductor circuit, comprising the steps of:
a. providiag a lead-frame,
said lead-frame having an internal lead portion and an external lead portion,
satd lead-frame being in electrical contact with said semiconducior circuit, and
said fead-frame being formed by siamping a lead-frame material; and
B providing a housing member, '
said housing member comprising a housing material, and
said housing material encapsulating said lead-frame such that said exieroal lead
portions are exposed to provide solderable regions, and

thereby forrmiog said leadless semiconducior product packaging apparatus.

The method for fabricating a leadless semiconductor preduct packaging apparatus, as
recited in claim 11, wherein said leadless seoviconductor cirenit comprises:
a. ai Jeast one die attach pad,
wherein said semiconductor circuit is mounted on said die attach pad, and
b at least one wire,
wherein aid at least one wire is wire-bended to effeci an clectrical connection
between said circuit and said internal lead portion,
wherein said at [cast ane wire is formed from an clectrically conduciing material
selected from a group of electrically comducting mearerials consistng
essentially of copper, aluminum, apd gold,
whereie said housing matecial is further compressicn-melded around said die aitach pad,
said at least one wire, and said internal lead portion,
wherein zaid housing material is not compression-molded around said lead external
portion, and
wherein said lead-frame is mechanically beot into a desived confipuration for facilitating
fit of said leadless semwiconductor product packaging apparaius to a size in a range
of chip-size to near chip-size, and

thereby forming said Jeadless semiconductor product packaging apparatus.
The method for fabricating a lcadless semiconductor product packaging apparatus, as

13
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recited in claim- 12, whezein said Iead frame material has 2 thickuess in a range of 8 mils

or Jess.

The method for fabricating a leadless semicondncror product packaging apparatus, as
recited in claim 11, wherein said lead frame material has a thickness in a range of 6 mils
or less.

‘The method for fabricating a leadless sejconductor product packaging appararas, as
recited in claim 14, wherein said leadless semiconducior product comprises:
a. at least one die attach pad,
wherein said at least one semiconductor circuit is mounted on said die attach pad;
and
b. at least one wire,
wherein said at Jeast one wire is wire-bonded fo effect an electrical connection
between said circuit and said intevnal lead portion,
wherein saic at keast one wire is formed from an electrically conducting material
seleeted from a group of electrically conducting materials consisting
essentially of copper. aluminum, and gold,
wherein said housing material is further compression-molded around said die awach pad,
said at Jeast one wire, and said internzl Jead portion,
whersin said housing roaterial is not compression-molded around said lead external
partion, and
wherein said lead-frame is mechanically bent into a desired configuration for facilitating
fit of said lendless semiconductor product packaging apparatus to a size in a range
of chip-size to near chip-size, and

thereby forming said leadless semiconductor product packaging apparatus.

‘The method for fabricating a leadless semiconductor product packaging apparatss, as
recited in claim 14, further comprising the steps of:
a. providing a window Jid member,

wherein said window lid member forms a portion of said housing member, and

wherein, said window lid member is formed from a visvally transparent material

16
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selected from a group of visually transparent matetials consisting essentaliy
of a polymer and a glass;
b. providing a sealant material;
c. providing a sealant seat,
said sealant seat comprising at least one ehannel disposed on an upper surface of
said housing mensber for providing a larger sealing surface arca, and
said sealant material being disposed between said bousing member and said
window lid member within said at least one chamel for preventing
contaminant entry, and

thereby forming said Jeadless semiconductor product packaging apparatus.

The method for fabricating a leadless serniconductor prodoct packaging appatatus, zs
recited in claim 12, wherein a die is attachable, by a non-electrically conductive polymer,

10 cach said internal portion. of said lead-frame.

The method for fabricating a leadless semiconductor product packaging apparatus, as
recited in claim 13, wherein & d5 s attachable, by a non-clectricaily conductive polymer,

0 each said internal portion of said lead-frame.

The method for fabricating a leadless semiconductor product packaging apparatus, as
recited in clajm 11,

wherein said housing material comprises a polymeric meldiog compound,

wherein said housing mamber conprises said bousing material being compression-molded,
whereby said external lead portion is exposed,

thereby preserving a solderable area on said external lead portion, and

thereby avoiding de-flashing of said cxternal lead portion.

The metbod for fabricating a leadless semiconducter product packaging apparatus, as
recited in claim 11,
wherein said lead-frame is formed from an electricaliy copducting material,

said electrically conducting meterizl comprising copper,

17
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wherein said hovsing maierial comprises at least one material selected from a group of

housing materials consisting essentially of a polymer and a ceramic, and

whercin said polymer is selected from a group of polymers copsisting essentially of an

€poxy, 4 palyimide, and 4 bismaleimide.

A method for fabricating at least one leadless semiconduetor product packaging apparatus

for packaging at least one scmiconductor clreuit, cornprising the steps of:

a.

stamping a lead-frame material for providing at least one stamped lead-frame, said

Yeail-frame material having & thickness in a range of less than & mils, said a least

one stamped lead-frame having an internal Jead portion and an exiernal Jead

portion;

applying a non-clectrically conductive adhesive material 1o an interface between. a

dic and said internal lead portion for attaching said die to said internal lead portion

for each of said at least one [ead frame;

curing said non-elkectrically conduetive adhesive material for each of said at least

one stamped lead-frame;

providing a wire for each of said ar least one stamped lead-frame,

said wire having a {irst end and a second end,

wherein said first wire end is bonded to said die, and

wherein said second wire end js bonded to said lead iniexnal portion;

molding 4 housing material around said lead internal portion in & meld using a hoi-

press to form a heusing member for each of said at least one stanped lead-frame,

said mold having an upper portion and a lower portion,

satd hot-press having an upper platen and a jower platea bci.ug parallel to one
another,

said upper mold portion being inwardly disposed om said upper platen,

said lower mold portion being inwardly disposed on said fower platen,

said lead intcrnal portion being attached fo said die,

said upper hotpress platen and sald lower hot-press platen being translated
wgether in a dizection normal to szid platens respectively compressing said
upper mokl portion agaisst said lower mekd portion,

wherehy a compressive force is exerted by szid nwold portions on said external lead

iH
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pertion (o create a nomimally localized deformation on said external lead
portion,

30 whereby a leak-proof seal, between said internal lead portion and said external fead
portion, is effected via said compressive force and said nominally localized
deformation, and

wherehy said housing material is cured within said meld,
thereby torming said housing member, and

35 thereby forming said at least one leadless semiconductor product packaging
APPATATLS,

£, marking, by lasing, said external lead portion of each of said at least one formed

keadless serniconducior product packaging apparatus;

. singulating said external lead portion of cach of said at least oue fommed leadless
40 semiconducior product packaging apparatus from one another;
h. packing said singulated said at least one leadless semiconductor product packaging
apparatus; and
i shipping said packed Jeadless semiconductor product packaging apparatus.

22, The method for fabricating ar least one leadless semicondicior product packaging
apparatus for packaging af least gne semiconductor circuir, as recited in claim 21, wheretn
sdid lead-frame is mechanically beat inte a desired configuration for facilitating fit of said
leadless semiconductor product packaging apparatus to a size in & rangs of chip-size to neur

5 chip-size.

23, Amethed for fabricating at Jeast one windowed Jeadless semiconductor product packaging
apparatus for packaging at least one semiconductor circuit, compeising the steps of:
a. stamping a lead-frame material for providing at least one stamped lead-framse, said

lead-frame material having 2 thickness in a range of less than ¢ mils, said at least

3 one stamped lead-frame having an internal lead portion and an external lead
portion;
h. pre-plating said at [east one stamped lead-frame;
. molting 2 honsing muterial around said lead internat portien i a mold using a hot-

press 10 form a housing member for cach of said at least one staroped lead-frame,

19

JP 2004-500718 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

¢

23

30

35

40

W) 01775938

(35)

PCTAISN /10390

said mold having an uppet portion and a lower portion,

said upper mold portion havieg a mold-line for accommedating & sight lid,

said hot-press having an wpper platen and a Jower platen being paralle) to one
another,

szid upper mold portion being inwardly disposed on said upper platen,

said lower mold portion being inwardly disposed on said Jower platen,

said Jead internal poriion being attached 1o said die,

s3id upper hot-press platen and szid lower hot-press plaien heing translated
together in a direction notmal to sakd platens respectively compressing said
upper meld portion against said lower mold portion,

wherehy a compressive force is exerted by said mold portions on said external lead
portion te create a nominally Iecalized deformation. on sai:zl external kead
portien,

whereby & leak-proof seal, between said internal lzad portion and said extecrnal lead
pottion, is effected via said compressive force and said norinally localized
deformation, and

wierehy said housing rnaterial is cured wilhin said mold,

thereby forming said housing mentber, and

thereby forming said at leasi one leadless semicomductor product packaging
apparats,

applying a non-electrically conductive adhesive material 10 an interface berween a

die and said iuternal lead pertion for attachiog said die to said intexmal lead portion

for each of said at least one lead frame;

curing the non-electrically conductive adhesive material for each of said at least one

tead frane;

providing a wire tor each of said at least one lead frame,

sajd wire having a first end and a second end,

wherein said first wire end is bonded to said dic, and

wherein said second wire end is bonded to said lead intercal portion;

imstafling a window Iid member onto said housing roember by curing a sealant

material into a sealant seat having 21 least vne chanoel,

said sealant being interracially disposed between said window and said molded

20
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lead-frame.

said sealant being compressed by said sight lid, 3 portien of said sealant material
heing thereby pressed into said at least one channel,

whereby seal is effected, and

thereby forming said at Jeast one windowed leadless semiconductor product
packuging apparams having said windew Lid member;

marking, by lasing, said external lead portion of said at Icast one windowed formed

ieadless semiconductor product packaging apparatus;

singulating said external lead portion of said at lesst one windowed formed leadless

semiconductor product packaging apparatus from one another;

packing said singulated at least one windowed leadless semiconducior product

packaging appararus; and

shipping said packed ai least one windowed leadless semiconductor product

packaging apparatus.

24, The method for fabricaling at least one windowed leadless semiconductor product

packaging apparatus for packaging at ieast one semiconductor cireuit, as recited in claio

22, wherein sald lead-frame is mechanically bent into a desited comfigaration for

facilitating fit of said leadless semiconductor product packaging apparatus to & size ina

range of chip-size to near chip-size.

21
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