DROP-MOLD CONFORMABLE MATERIAL AS AN ENCAPSULATION FOR
AN INTEGRATED CIRCUIT PACKAGE SYSTEM TECHNICAL FIELD The
present invention relates generally to integrated circuits and more particularly
to a system for utilizing a drop-mold conformable material as an
encapsulation for an integrated circuit. BACKGROUND ART The rapidly
growing portable electronics market, e.g. cellular phones, laptop computers,
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adequately addressing cooling and reliability concerns. The envelope of
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Packaging, materials engineering, and development are at the very core of these
next generation electronics insertion strategies outlined in road maps for development of
next generation products. Future electronic systems may be more intelligent, have higher
density, use less power, operate at higher speed, and may include mixed technology devices
and assembly structures at lower cost than today.

Current packaging suppliers are struggling to accommodate the high-speed
computer devices that are projected to exceed one TeraHertz (THz) in the near future. The
current technologies, materials, equipment, and structures offer challenges to the basic
assembly of these new devices while still not adequately addressing cooling and reliability
concerns.

The envelope of technical capability of next level interconnect assemblies are not

yet known, and no clear cost effective technology has yet been identified. Beyond the
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As a result, the road maps are driving electronics packaging to precision,
ultra miniature form factors, which require automation in order to achieve
acceptable yield. These challenges demand not only automation of
manufacturing, but also the automation of data flow and information to the
production manager and customer. There have been many approaches to
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connecting the integrated circuit to the lead with an interconnect; and forming
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Thus, a need remains for smaller footprints and more robust packages and
methods for manufacture. Solutions to these problems have been long sought but prior
developments have not taught or suggested any solutions and, thus, solutions to these

problems have long eluded those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides an integrated circuit package system that includes:
providing an integrated circuit; mounting a lead on the periphery of the integrated circuit;
connecting the integrated circuit to the lead with an interconnect; and forming a
conformable material by pressing the conformable material on the integrated circuit, the

lead, and the interconnect.



of those mentioned above. The aspects will become apparent to those skilled
in the art from a reading of the following detailed description when taken with
reference to the accompanying drawings. BRIEF DESCRIPTION OF THE
DRAWINGS FIG. 1 is a bottom plan view of an integrated circuit package
system in a first embodiment of the present invention; FIG. 2 is a
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material-attaching phase of manufacture; FIG. 6 is the integrated circuit
package system of FIG. 2 in a curing phase of manufacture; FIG. 7 is the
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manufacture; FIG. 8 is a cross-sectional view along the line 8--8 of FIG. 1;
FIG. 9 is aftfodsisadiEa RIWIeY 1 itdtrairses Giretift rakiesgR sy tem fHsh
seenholamibedimgntseittiheepiesent invention; FIG. 10 is a cross-sectional
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present invention; FIG 11 is a cross-sectional view of an mtegrated circuit

patiagd ngfst%ﬂﬁr[n 4 'fourth embodiment of the present invention; FIG. 12 is
a cross-seldiionat wiewwtofrandintegratedcircvitpadkdge Systarvstihead fifthyiding
en@g@immﬁ%@h@epresent invention; FIG. 13 is a cross-sectional view of an
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FIG. 5 is the integrated circuit package system of FIG. 2 in a drop conformable

material-attaching phase of manufacture;

FIG. 6 is the integrated circuit package system of FIG. 2 in a curing phase of
manufacture;

FIG. 7 is the integrated circuit package system of FIG. 2 in a post singulation
phase of manufacture;

FIG. 8 is a cross-sectional view along the line 8--8 of FIG. 1;

FIG. 9 is a cross-sectional view of an integrated circuit package system in a
second embodiment of the present invention;

FIG. 10 is a cross-sectional view of an integrated circuit package system in a third
embodiment of the present invention;

FIG. 11 is a cross-sectional view of an integrated circuit package system in a
fourth embodiment of the present invention;

FIG. 12 is a cross-sectional view of an integrated circuit package system in a fifth
embodiment of the present invention;

FIG. 13 is a cross-sectional view of an integrated circuit package system in a sixth
embodiment of the present invention;

FIG. 14 is a cross-sectional view of an integrated circuit package system in a

seventh embodiment of the present invention;



FIG. 15 is a cross-sectional view of an integrated circuit package system in
an eighth embodiment of the present invention; FIG. 16 is a cross-sectional
view of an integrated circuit package system in a ninth embodiment of the
present invention; FIG. 17 is a cross-sectional view of an integrated circuit
package system in a tenth embodiment of the present invention; and FIG. 18
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details. In order to avoid obscuring the present invention, some well-known
circuits, system configurations, and process steps are not disclosed in detail.
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surface of the integrated circuit, regardless of its orientation. The term
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diagrammatic and not to scale and, particularly, some of the dimensions are for the clarity of
presentation and are shown greatly exaggerated in the drawing FIGs. The same numbers are
used in all the drawing FIGs. to relate to the same elements. The embodiments have been
numbered first embodiment, second embodiment, etc. as a matter of descriptive convenience
and are not intended to have any other significance or provide limitations for the present
invention.

For expository purposes, the term “horizontal” as used herein is defined as a plane
parallel to the plane or surface of the integrated circuit, regardless of its orientation. The
term “vertical” refers to a direction perpendicular to the horizontal as just defined. Terms,
such as “above”, “below”, “bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”,
“upper”, “over”, and “under”, are defined with respect to the horizontal plane. The term

“on” means that there is direct contact among elements.



The term "processing” as used herein includes deposition of material or
photoresist, patterning, exposure, development, etching, cleaning, and/or
removal of the material or photoresist as required in forming a described
structure. The term "system" as used herein refers to and is defined as the
method and as the apparatus of the present invention in accordance with the
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leads 104 also can be arranged in single or multiple row formats to match multiple levels of
stacked die.

Encapsulating the interconnects 210 and partially encapsulating the integrated
circuit 102 and the leads 104, is the conformable material 106. The conformable material
106 has a low viscosity and, as temperature increases, the viscosity gets lower.

Therefore, the conformable material 106 can be easily pressed over the
interconnects 210, above, and around the integrated circuit 102 and the leads 104, and then
cured to harden the conformable material 106.

The leads 104 can be any shape and cross-section, such as T shape, trapezoid, L
shape, etc, that enhances mechanical locking effect with the conformable material 106. The
conformable material 106 is shown only partially encapsulating the half-etched portion 212

of the leads 104.



conformable material 106 is shown only partially encapsulating the
half-etched portion 212 of the leads 104. 5 It has been discovered that the
conformable material 106 should be a thermally conductive dielectric
material. The conformable material 106 can be made of a B-stage material
that can be hardened after curing. The conformable material 106 should be
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The stiffener 224 may be made of organic, metal, ceramic or other material, which

is stiff enough to act as a support for the conformable material 106 in its uncured or viscous
state.

When the stiffener 224 is made by thermal or electrical conductive material, it can
function as heat sink or electromagnetic interference shielding layer. The stiffener 224 may
also be removed at any time after the conformable material 106 is cured.

Referring now to FIG. 3 is the integrated circuit package system 100 of FIG. 2 in a
post lead providing phase of manufacture. The integrated circuit package system 100 is
shown having the integrated circuit 102 and the leads 104 mounted atop a provisional chip
carrier 302.

The provisional chip carrier 302 can be a dummy silicon wafer, metal foil, tape or
any known form of temporary chip carrier. The provisional chip carrier 302 may be set on a
convey belt 304.

The convey belt 304 can transport the integrated circuit package system 100 to

various phases of manufacture.



The provisional chip carrier 302 can be a dummy silicon wafer, metal foil,
tape or any known form of temporary chip carrier. The provisional chip
carrier 302 may be set on a convey belt 304. The convey belt 304 can
transport the integrated circuit package system 100 to various phases of
manufacture. 6 Referring now to FIG. 4 is the integrated circuit package
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Singe themandfactiuing procass has heen simplified, aningling asse MBI
system can be used to improve productivity, shorten cycle time, and
miﬁ"i‘fﬂfizé*%ﬁéeﬁﬂhﬁﬁ w@fnq%td{)dﬁstment and cost reduction can be achieved.

Since no mold compound is used, there is no chemical or mechanical deflash
process for mold flash removal from external I/Os, especially for multi-row configuration
that encountered mold flash on lead during manufacturing.

Since the manufacturing process has been simplified, an in-line assembly system
can be used to improve productivity, shorten cycle time, and minimize the human error
factor.

Referring now to FIG. 8, therein is shown a cross-sectional view along line 8--8 of
FIG. 1. The integrated circuit package system 100 is shown having the lead 104 with two
lengthwise sides 802 the upper surface 208 and the bottom 216. The two lengthwise sides
802 have the half-etched portion 212 near the bottom 216.

The conformable material 106 only partially encapsulates the lead 104 on the
upper surface 208 and part of the half-etched portion 212 leaving the bottom 216 of the lead

104 exposed from the conformable material 106



Referring now to FIG. 8, therein is shown a cross-sectional view along line
8--8 of FIG. 1. The integrated circuit package system 100 is shown having
the lead 104 with two lengthwise sides 802 the upper surface 208 and the
bottom 216. The two lengthwise sides 802 have the half-etched portion 212
near the bottom 216. The conformable material 106 only partially
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encapsulating the integrated circuit 902 and the leads 906, is a
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of the leads 906 to a point co-planar with the bottom 916 of the leads 906. |
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a @tﬁtﬁgﬁpoint co-planar with the bottom 916 of the leads 906.

It has been discovered that the conformable material 918 should be a thermally
conductive dielectric material. The conformable material 918 can be made of a B-stage
material that can be hardened after curing and can maintain a predetermined thickness.

The conformable material 918 should be about 100°C while encapsulating the
integrated circuit 902 before curing. The viscosity of the conformable material 918 may be
in a range of 10Pa to 2000Pa. It has still further been discovered that the elastic modulus of
the conformable material 918 before curing (B-stage) should be less than 300MPa, and it
should be greater than 3000MPa after curing.

There should preferably be a difference about 10X before and after curing. The
elastic modulus should also drop as temperature increases before and after curing. Above

the conformable material 918, a buffer layer 920 is mounted.



material that can be hardened after curing and can maintain a predetermined
thickness. The conformable material 918 should be about 100C while
encapsulating the integrated circuit 902 before curing. The viscosity of the
conformable material 918 may be in a range of 10Pa to 2000Pa. It has still
further been discovered that the elastic modulus of the conformable material
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1000 i dtsedshown having an integrated circuit 1002 such as a wire- bonded die.

Thé&’in egrated circuit 1002 is mounted over a die pad 1003. The integrated

cirdbiit nGeRtPhgreai HHve Bigetelons: THe nrddgPatedeintsinrdonastdfidehed
to thedie: pad 11003 withnadiecadiach amhesivach0b. rithgapeophery ofithe
integrated circuit, 002, are leads 1006 having an upper surface 1008. The

upper surface 1008 of the leads 1006 are connected to the active side 1004

of the inteGYatBURSHERTEL OO WSt CHRHELIS A AT CHACES Bt Wirsper

surface 1008. The upper surface 1008 of the leads 1006 are connected to the active side
1004 of the integrated circuit 1002 with interconnects 1010 such as bond wires.

The leads 1006 are shown having a half-etched portion 1012 below the upper
surface 1008 of the leads 1006. The die pad 1003 is also shown having the half-etched
portion 1012 below an upper surface 1013 of the die pad 1003.

The leads 1006 are further shown exposed along a side 1014, a bottom 1016, and
along part of the half-etched portion 1012. The leads 1006 may be pre-plated with Ni, Pt,
Au or any combination of them. The leads 1006 also can be arranged in single or multiple
row formats to match multiple levels of stacked die.

Encapsulating the interconnects 1010 and the integrated circuit 1002 and partially
encapsulating the leads 1006, is a conformable material 1018. The conformable material

1018 has a low viscosity and, as temperature increases, the viscosity gets lower.



The leads 1006 are shown having a half-etched portion 1012 below the upper
surface 1008 of the leads 1006. The die pad 1003 is also shown having the
half-etched portion 1012 below an upper surface 1013 of the die pad 1003.
The leads 1006 are further shown exposed along a side 1014, a bottom
1016, and along part of the half-etched portion 1012. The leads 1006 may be

pre-plated i, Rie AphRiaCHMBIAARNOTLIReR. Thgyeads.400R alge
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and CVOSS'ﬁ%CU&{?@M‘BQ %%{Erﬁhqgﬁi {aR&ZOlidwh o‘ﬁi}ﬁ}pﬁtiﬁw,eﬁh@ﬁs@ﬁhﬁl@&s
meck f_ﬂglgail l%ﬁll(llqg(ﬁlg%%\lclltlg tg(?l%?formable material 1018. The
conformante hateriarto1¥ [edhown only partially encapsulating the
half-etchedf oiion dgeestthat ldadenigoebly hatedn fHihi abe!ikeerikdrmal s
is alsauwhonmceoliastialy encapsating thehalfretehadyeattianct Q1R wfthe
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should be a thermally conductive dielectric material. The conformable

material 1018 ©afPBEbfaRdSeL 188 shyuldharhen 5 canisesRsrseaig difer
cuiingard daninaintagfoe predetdimiviedsilyiokiesnidngabinfareabilel 8 may
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thetehasticbrmenduidan feaeMEitrieible material 1018 before curing (B-stage)
should be tass thanBpRMBEAy and dirshawdiagreaterdland30ROMBaafiae
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curing. The elastic modulus should also drop as temperature increases
befBr&caf LRl RaiHig  HBovaime dontdimamEdnaterial 1018, a stiffener
1024 is mabntedichdrel 82Hfenerbt OR4landyohwninadetdf ongaiicyrmeétal peerahnic

or leﬁlrimw[::@ugh to act as a support for the conformable material 1018 in its uncured or
viscous state. When the stiffener 1024 is made by thermal or electrical conductive material,
it can function as heat sink or electromagnetic interference shielding layer.

Referring now to FIG. 11, therein is shown a cross-sectional view of an integrated
circuit package system 1100 in a fourth embodiment of the present invention. The
integrated circuit package system 1100 is shown having an integrated circuit 1102 such as a
wire-bonded die.

The integrated circuit 1102 is mounted over a die pad 1103. The integrated circuit
1102 has an active side 1104. The integrated circuit 1102 is attached to the die pad 1103
with a die attach adhesive 1105.

On the periphery of the integrated circuit 1102, are leads 1106 having an upper
surface 1108. The upper surface 1108 of the leads 1106 are connected to the active side

1104 of the integrated circuit 1102 with interconnects 1110 such as bond wires.
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which is stiff enough to act as a support for the conformable material 1018 in
its uncured or viscous state. When the stiffener 1024 is made by thermal or
electrical conductive material, it can function as heat sink or electromagnetic
interference shielding layer. Referring now to FIG. 11, therein is shown a
cross-sectional view of an integrated circuit package system 1100 in a fourth

embodimeff.of.5ie AIRSEOLINENHRM T H B RALATRIHCUIT PBAKRIRSYSIEM

1100 is shown having an inteqgrated circuit 1102 such as a wire-baonded die.
T e R R RS S B i it
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The'féads™ t@eaf'ea urther SHowh (érxﬁogeraaa (5ang a side iﬂ%?rén bordm
1116!%hela lengpesity efidins aifeetieradcortiomd 11RsTesttdads 1106 may be
pre-platedM&lan},, Rbe A&lﬁﬁﬁwe_cambdﬁatinmsofc&hem. éralaﬁquashgeu@@ralme
can be. Aanged dn.single.ar.multinle dow fmats;1a mateh multinlelfpyels, of
stacked die. Encapsulating the interconnects 1110 and the integrated circuit

1188 e” BReapeimablsraisitbAid 1106, is a conformable material
1118. Th&hededdy miableamiateniabhdklBhassadaviovisodsity Binithpastrapezoid, L

terperateHiRCERRIES, fenviRcASIM G SHaWSkmT RE&igtemibe GRRfoIMabie
mﬁgnal 11118 gan b(ta eas I}/lg)ressed over the Interconne tts 11t 0, ahove,

and SrétRaA e infBYFated HiFctit 1282 SRy ML Y FRIE BRd thih &U75d to
hargeiette Igohtbensadsid! Aaterial 1118. The leads 1106 can be any shape
and crossreatidinsbichnagikishape, dpaseitedly shapns; atepttiateniianges
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conformable material 1118 is shown only partially encapsulating the

half-etch&d"PIRFBrTHLI St e et PIvd rRaCBhidid aelhisa i rids
is atsdwhondietniyicpanteally eficapstiatinds thewdralfd 118 can be made of a B-stage

material that can be hardened after curing and can maintain a predetermined thickness.

The conformable material 1118 should be about 100°C while encapsulating the
integrated circuit 1102 before curing. The viscosity of the conformable material 1118 may
be in a range of 10Pa to 2000Pa. It has still further been discovered that the elastic modulus
of the conformable material 1118 before curing (B-stage) should be less than 300MPa, and
it should be greater than 3000MPa after curing.

There should preferably be a difference about 10X before and after curing. The
elastic modulus should also drop as temperature increases before and after curing. Above
the integrated circuit 1102, a stiffener 1124 is mounted.

The stiffener 1124 has a protrusion 1126, which contacts the active side 1104 of the
integrated circuit 1102. The stiffener 1124 may be made of organic, metal, ceramic or other
material, which is stiff enough to act as a support for the conformable material 1118 in its

uncured or viscous state. The protrusion 1126 of the stiffener 1124 functions as a heat sink
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etched portion 1112 of the die pad 1103. It has been discovered that the
conformable material 1118 should be a thermally conductive dielectric
material. The conformable material 1118 can be made of a B-stage material
that can be hardened after curing and can maintain a predetermined
thickness. The conformable material 1118 should be about 100C while

engaRsWating. e ore AR RICH A0 PRIQIE. GHY MG n IR 8 WiSCRSIY Rfrihe
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1204 of the integrated circuits 1202 may also be connected to the multiple die
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Encapsulating the interconnects 1210 and the integrated circuits 1202 and partially
encapsulating the leads 1206, is a conformable material 1218. The conformable material
1218 has a low viscosity and, as temperature increases, the viscosity gets lower.

Therefore, the conformable material 1218 can be easily pressed over the
interconnects 1210, above, and around the integrated circuits 1202 and the leads 1206, and
then cured to harden the conformable material 1218.

The leads 1206 can be any shape and cross-section, such as T shape, trapezoid, L
shape, etc, that enhances mechanical locking effect with the conformable material 1218.
The conformable material 1218 is shown only partially encapsulating the half-etched
portion 1212 of the leads 1206.

The conformable material 1218 is also shown only partially encapsulating the half-

etched portion 1212 of the multiple die pads 1203.
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surface 1208 of the leads 1206. The multiple die pads 1203 are also shown
having the half- etched portion 1212 below an upper surface 1213 of the
multiple die pads 1203. The leads 1206 are further shown exposed along a
side 1214, a bottom 1216, and along part of the half-etched portion 1212.
The leads 1206 may be pre-plated with Ni, Pt, An or any combination of

them. Thg leRdsA208 AlsiGaR be %ﬁ%ﬁ%@lé@n%ﬂ%lﬁl@ﬁmﬁﬂ{hﬂl%erQ%J%QﬂQts
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conformable material 1218 can be made of a B-stage material that can be
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temperature increases before and after curing. Above the conformable
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SURRPTBIATING GRBILIRIRIEMAte AR R RIS UNGHIEEL AL solder balls.

The leads 1306 are shown having a half-etched portion 1312 below the upper
surface 1308 of the leads 1306. The leads 1306 are further shown exposed along a side
1314, a bottom 1316, and along part of the half-etched portion 1312. The leads 1306 may
be pre-plated with Ni, Pt, Au or any combination of them. The leads 1306 also can be
arranged in single or multiple row formats to match multiple levels of stacked die.

Encapsulating the interconnects 1310 and the integrated circuit 1302 and partially
encapsulating the leads 1306, is a conformable material 1318. The conformable material
1318 has a low viscosity and, as temperature increases, the viscosity gets lower.

Therefore, the conformable material 1318 can be easily pressed over the
interconnects 1310, above, and around the integrated circuit 1302 and the leads 1306, and

then cured to harden the conformable material 1318.
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viscous state. When the stiffener 1224 is made by thermal or electrical
conductive material, it can function as heat sink or electromagnetic
interference shielding layer. Referring now to FIG. 13, therein is shown a
cross-sectional view of an integrated circuit package system 1300 in a sixth
embodiment of the present invention. The integrated circuit package system

1300 is shewr.having an ﬂatagr@ﬁ%& Grgvib 4304 sHGHAS ef |£Ha59i9aﬁ/¥%daﬂ
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thickness. The conformable material 1318 should be about 100C while
en&éﬁ%ﬂ%‘é& o) %ﬁ%eafﬁtéﬁPéféﬁt&Wefgﬁﬁeﬁéﬁfé %‘“r]iﬁﬁ.g g "viscosity of the
conformabdéemratenald F1@ tdatheledniin shoangecobi-ORartd Z000Pan Ihbaststill

fUrE'i}@ﬁlbtﬁma%@%’sY&ﬁeﬁbb%t'ﬁes@JéﬁﬂCemq}ﬂﬁ‘éﬁ of the &%ﬁ?fm@mﬁ)ﬁn atgial
1318 be drglr%ltflrtlrggc B-sta nz %%%uld be less than 300MPa,

integrate: age sys 1s shown having an integrate 01rcu1t 1402 such as a
wire-bonded die with an active side 1404.

On the periphery of the integrated circuit 1402, are leads 1406 having an upper
surface 1408. The upper surface 1408 of the leads 1406 are connected to the active side
1404 of the integrated circuit 1402 with interconnects 1410 such as bond wires.

The leads 1406 are shown having a half-etched portion 1412 below the upper
surface 1408 of the leads 1406. The leads 1406 are further shown exposed along a side
1414, a bottom 1416, and along part of the half-etched portion 1412. The leads 1406 may
be pre-plated with Ni, Pt, Au or any combination of them. The leads 1406 also can be

arranged in single or multiple row formats to match multiple levels of stacked die.
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it should be greater than 3000MPa after curing. There should preferably be a
difference about IOX before and after curing. The elastic modulus should
also drop as temperature increases before and after curing. An adhesive
layer 1322 above the conformable material 1318 may be applied to secure a
stiffener 1324 to the conformable material 1318. The stiffener 1324 may be

made of arIaNIf.ME@b GRERDIEQS QH]@HEI@F%@H&’VEH%S&%Q ﬁE‘QHQQJ@d

act as a s%gport}f1 r the ormable m erla iB I itg, uncu ed [, visco
II'C a confor ateria he, confprmal terla
state"When e S ener 29sTha e ermal or electrica concf;ucf‘

maltehdias i @wmﬂetm%memeﬁﬁkeomé%@ﬁéhﬁagﬁéﬂ@ gatelference
shieldingTayeforefriTinglawiie Fierdd, thegeiads shewna sress-seeiional

vie) te‘?co%ﬂe'crt‘tqgEﬁt%gov%“%‘dtapo %E%Eeelﬁf‘éiﬁ‘%”& 4299 ‘ﬁ@z SRR Smpediment

of the present invention. The integrated circuit package system 1400 is

shSWhREdiRd dAmtsgraaehiemrerd2 Sfch as a wire-bonded die with an
active sidend 43ds Qbothen periphenpohilenntegratedsoitcunt L4, aredaads.

14%&5‘\4{'9 AD MRRAREs SRR 4408l arRRalSHERGRIIMRAR OthGileadss.

6 are onn cted toé]he a tlve }sllde 1404 of the integrated C|t Culﬁ (t) q
W|t Fnt‘é’Pc%rrﬁ‘%?ects“EfEfi SUCR A5 SR8 RIS REY e i e o

havindea HaFdtdhéwddsortion 1412 below the upper surface 1408 of the leads
1406. The ieadsch 408 atedutiansbamsinexposedralong Asaitel 844 4heanally

bo% n@ugtlve %ﬁe@ec?irlgllggtgrf?i?rt’ﬂ tpo%fh%ifaﬁtéc gtgrgipﬁt)r?g can Jf)e l’l’la}ag O?aq§ 8%496

may re-plated with NI, Pt, An or any combination of them. The leads

146’8t%ﬂ§ ek FpBe %ﬂ@deﬁt?ﬁ SR G TR T AW RO RS b hHARCH-
multiple l&velsobstatkedatigal 14+ Bngapkutativtguth &0irite reoirnectsilkiitgathe

pattirlencarsulaing.the Bﬂmgratﬁei VRUSH éAQ@@mrmll@a%ﬂaﬂ@@l Sy

conformable n}% rial %4 confor able mgterlal &418 has[ a ow
be 1n ran a to 2, It as still furt eﬁ 1scoyered that the e asﬁ;l lus
VISCOSI em erature increases, the VISCOSIty ge OWEI’ erefore,

th@%@lﬁf%ﬁmlﬂélmamfial W Eddais peienditytne shedddveethdantditdansets
141 Qnalnovegrane arawodoeaintegrated circuit 1402 and the leads 1406, and

then C”reﬂllé? nRIaT.A08 GoNTR Ené’i@eregl@t%&?}l 14 8ed, Qeall%a%r“u%gca‘i‘h'@e

any shape and cross-section, such as T shape, trapezoid sh ape, etc, t

enPANESEH SRR Iy aéﬁfé@%&ﬁﬂtﬁ@f&ﬁﬁ%&ﬁ#?médrﬂ%ﬁ‘afrfzufébwhe
corformébienbhatereahll 418, isssHownl éiyspartiady encapsulating the

half'etChqq'Ie E’(ﬁﬂ:‘ﬁ@? Ml%]%f B@?ﬂlﬁggﬁorgamc, metal, ceramic or other material, which
is stiff enough to act as a support for the conformable material 1418 in its uncured or
viscous state. When the stiffener 1424 is made by thermal or electrical conductive material,
it can function as heat sink or electromagnetic interference shielding layer.
The stiffener 1424 is connected to the leads 1406 with a conductive interconnection
1426. The conductive interconnection 1426 enhances the ability of the stiffener 1424 to act
as an electromagnetic interference shielding by funneling current resulting from ionizing
radiation to a grounding pin.
Referring now to FIG. 15, therein is shown a cross-sectional view of an integrated
circuit package system 1500 in an eighth embodiment of the present invention. The
integrated circuit package system 1500 is shown having an integrated circuit 1502 such as a

wire-bonded die with an active side 1504.
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It has been discovered that the conformable material 1418 should be a
thermally conductive dielectric material. The conformable material 1418 can
be made of a B-stage material that can be hardened after curing and can
maintain a predetermined thickness. The conformable material 1418 should
be about 100C while encapsulating the integrated circuit 1402 before curing.

The viscasitymefpthgieaniermabiematerirld4k8nay 1084N HéaneeLid (Pha to

2000Pa. s still further been_discovered that the elastic modulus of t
il ikl gt e bl v S R
300MPe!, thinidtcigrated ol ubel 2 atty ittRipPBBOO NP safters darihyirThere should
preferablybeiadifference abaut inbefair-andaisricnring: thewelsiigper
mogdulus shRuld alsp.draR RS BIMREIAEGINCreases hefare.and AlisrLying-
Above the conformable material 1418, a stiffener 1424 is mounted. 1ghe

stiffeHer Pa9A BRI HAuEPaT OF it Rided Pedinid r other material,
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its PGS 9919 raMé_QQU %@%@4%@&@&&@‘%@@ %Mm@%&ﬁﬁ%@ Wetﬁlc,%ﬁ@ﬂdaf_
electrl%al cqnldy((:{tlv_tteh atlgtn |, it can fu _ct|9n a%}eat $ink or e}gﬁéﬁm%‘gnﬁtlc
intEHersHEershaIding Tayer: TR SRR 24 1< EBhnetisd To the 182 &Y *
148608tH ia deHeloctiviiMeredpimsgtiomadae fMielewstidlictigked die.
interconnegiipqidd6 rnhancemibe abilityaf theistiffenepsidddstehachiasrn
eleghromagnelic intrrisrenge; shielding By, funneling cUHg0LIeRvltng oM
ionizing radiation to a grounding pin. Referring now to FIG. 15, therein is
sh69&5&?%?6%%-%%%%[1‘\7%\&?8?%%%@@%&%t FEH U ERAYR EYstem 1500
in an eightieefmloodimenniithelpresentinVeldtican Tie eintiggrateddcipswit the

pagkagssysian d 205 Es showihavinganteies@iedsel Ghit dof2L8Ushsa s
wire-bonded die with an active side 1504.1%5 On the periphery of the

then t

intETATEa it La R Rr 8 588 hia\iing an upper surface 1508. The
upper sufacieals 1806 e teisiBOBNdrersoriTtetedtd thd abthve wipkzoisb4
of thgintegrated it A0Rndhintereensacist akOcshehasiband wires.s.

Theleads: tx0Bars.shawnspaying aj aﬂi{@“ﬂéﬁﬁl&" ion, slaa%ﬁﬁbﬁ!@wamame r

surface 1508 of the leads 1506. The leadS 1506 are further shown exposed
aloifg arsiaE Ashgledihottom 1516, and along part of the half-etched portion
1512. TolfdeHitate ihvpvoved thae chamidaliebkimgdhie a8 stibbltbhawveetheally

halfsgiched R9etier hald.plong thersidekakdan01918 bationhdR1G 9f8he.e
leads 1506. The leads 15

material that can be har ened%?ter curing and can maintain a predetermined thickness.

The conformable material 1518 should be about 100°C while encapsulating the
integrated circuit 1502 before curing. The viscosity of the conformable material 1518 may
be in a range of 10Pa to 2000Pa. It has still further been discovered that the elastic modulus
of the conformable material 1518 before curing (B-stage) should be less than 300MPa, and
it should be greater than 3000MPa after curing.

There should preferably be a difference about 10X before and after curing. The
elastic modulus should also drop as temperature increases before and after curing. Above
the conformable material 1518, a stiffener 1524 is mounted.

The stiffener 1524 may be made of organic, metal, ceramic or other material, which

is stiff enough to act as a support for the conformable material 1518 in its uncured or
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may be pre-plated with Ni, Pt, An or any combination of them. The leads
1506 also can be arranged in single or multiple row formats to match
multiple levels of stacked die. Encapsulating the interconnects 1510 and
partially encapsulating the integrated circuit 1502 and the leads 1506, is a
conformable material 1518. The conformable material 1518 has a low

VisgQsity @nd, 45 dEMPaIAHIEINICrR3SRS, b@ﬁe‘lﬁﬁﬁ%‘%@é&ﬁé& lQneLThereiore,
the cong)rmable mater aI 1?18 can be ea5| gré)resg ?Idov r the interconnects

an tunction as heat sin ectroma ne 1C nter 1n
151(3, ove, an arounartfhe inte circuit Re leads 1506, and

then cureRefoharaien tmEI@olrﬁof#malble ﬁharerﬁameis@mme et 9f1B08mHcle
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e”h"f‘cu‘%teéaé]?aetéh rl"%%" '&ﬁ}('”gh‘éffﬁ%‘é‘ﬂ%‘ :Lﬁ“r‘nF% fesrable masedial Tol&ilhe

conformable material 1518 is shown only partially encapsulating the

haltoatendls Yporirts ot leads. It has been discovered that the
conformabietimateinbdry 51 8rshiowloalyd aittvérit@lly acoralictiié dielegctricupper
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tha1 Qf)ﬁm be hardened. after 6C0Linn and can ma}%wllt |ucg Eredetermlned

thic ne%fsthﬁ'ﬁlte%gtﬁ orma }e mAEHAICIETY Should Be a%ounf 186€ while
encapsuldiindriie i giarddvairbeiin50daefichedcering THE Vidensihy abrhe
confanaalaies meﬂerieh&Sﬂ@anaylebewa acvangerofhORavwe 2000 aldihasigdill

furﬁ%‘?ﬁ BeSRAIssRverad hat EHeoFtﬁ%ﬁE'zﬁf”l&%H'Horqu %‘cmonformab'e material

518 before curing (B -sta e) should be less than 300MPa, and it should be

greater t@nf%‘ﬁﬁﬁfﬁﬂ@%ieéﬁe‘lg@ﬁ?ﬁ?g therlesds JRBRIRR ST éTe @Hrﬁtﬁ@dapdfff%‘?e]ﬁ&%
abalab ¢@¥ Héfdrdand dfteppursngactHeOetdshicleaddifids SheldalalsoOdnop as

terpResal & IIERSes: Q@ﬁqa&ec@mnamr&uﬁm ﬂ@@ées fBEscRuformabianged

materlal 1518, a ?tlffener 1524 IS | ?I stiffener 524 may be made
n sm le or mu{ e row formats to tl'p ell % stack
of organic, meta ceramlc or Ot er ma la IC IS S enough to actas a

support BRSO rhealble sprIestial €151 @ih Mestial sreebBratig: visciesstede.
Wheathesstifien@e Ladd idanadedayothepmal.erigleciygcaheebsiustivaematerial,

it C?stf Wacting, @%JA?%F %'é“ﬁsq Sﬁ%?%?ﬁ@&?&ctﬂék% (st ‘g'Ss%thd'”g layer.

Referring now to F hereln Is shown a cross-sectional view of an

integrated Pt ﬁB%k%f@‘@%@nfT@@@l in & Hirkth hnbBEneRESTthe Predent
inviertionncEhel énte gbatedhndikcaihg dekiageraystenuil 66QRisnshbwpaalbng ami

intggrated Gl atiiheR2-suehasie.wite hgnged die with an active side 1604.

The leads 1606 can be any shape and cross-section, such as T shape, trapezoid, L
shape, etc, that enhances mechanical locking effect with the conformable material 1618.
The conformable material 1618 is shown only partially encapsulating the half-etched
portion 1612 of the leads.

It has been discovered that the conformable material 1618 should be a thermally
conductive dielectric material. The conformable material 1618 can be made of a B-stage
material that can be hardened after curing and can maintain a predetermined thickness.

The conformable material 1618 should be about 100°C while encapsulating the
integrated circuit 1602 before curing. The viscosity of the conformable material 1618 may
be in a range of 10Pa to 2000Pa. It has still further been discovered that the elastic modulus
of the conformable material 1618 before curing (B-stage) should be less than 300MPa, and
it should be greater than 3000MPa after curing.
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On the periphery of the integrated circuit 1602, are leads 1606 having an
upper surface 1608. The upper surface 1608 of the leads 1606 are
connected to the active side 1604 of the integrated circuit 1602 with
interconnects 1610 such as bond wires. The leads 1606 are shown having a
half-etched portion 1612 below the upper surface 1608 of the leads 1606.

The |ead%ﬁ'eﬁ39§1é‘fﬁ E%E%&%Bl?%ﬂ%@?@éﬁ%@%@l@%}@ Rige 101 &%Q mThe
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e ea
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eng&r&gﬁl Vgtr‘hhé;:hn|gﬁauvlel(S‘J(cflkq))% fffect with the conformable material 1618. The
conformable material 1618 is shown only partially encapsulating the
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confdamalyies matenapd 6iBshdtdd bietie thaelmally aconsuetive tdidkeatrice side
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1618 before curing (B-stage) should be less than 300MPa, and it should
gré%fféi’% ) a%(*ﬂ?f\i/llﬁa?léﬁ% PE:HWH’@Ielr?V’I'FR%Fé‘%ﬁ% mﬁcﬁr’é‘fﬁ?alﬁlifﬁés &f stacked

difteeence about IOX before and after curing. The elastic modulus should

also dropnﬁéa{g@meﬁgaﬁwenk@%ﬁ&ess batpi R @lieT SRR ARONE iHirated

CO”I}?;EEP?%S ARl A655, an.adnesv RIS 077 S IREhes R sulianer Aop
1718 has a low viscosity and, as temperature increases, the viscosity gets lower.

Therefore, the conformable material 1718 can be easily pressed over the
interconnects 1710, above, and around the integrated circuit 1702 and the leads 1706, and
then cured to harden the conformable material 1718.

The leads 1706 can be any shape and cross-section, such as T shape, trapezoid, L
shape, etc, that enhances mechanical locking effect with the conformable material 1718.
The conformable material 1718 is shown only partially encapsulating the half-etched
portion 1712 of the leads.

It has been discovered that the conformable material 1718 should be a thermally
conductive dielectric material. The conformable material 1718 can be made of a B-stage

material that can be hardened after curing and can maintain a predetermined thickness.
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conformable material 1618. The stiffener 1624 may be made of organic,
metal, ceramic or other material, which is stiff enough to act as a support for
the conformable material 1618 in its uncured or viscous state. When the
stiffener 1624 is made by thermal or electrical conductive material, it can
function as heat sink or electromagnetic interference shielding layer.
Refe”ingIﬂQWoF@oFdlgblélﬁxam%ﬁeiﬂ s shawnea gassrseetional WRWRIARg the

integrated ciredit p te 1700 in a tenth embodiment of resent
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mtégr’a?efdnéﬁéﬁ HOP7 228081 al isvire usberdeandliicopiers diha ctiveasid enoqudus,

Onvthr: petiphenicohitadnie gy atesciicid 1B/ 02saradaads Li0hahavingParnd
UPR&oatdh Qg%&&%&ﬁ&i&ﬁg%er%a&e 1708 of the leads 1706 are

connected to the active side 1704 of the integrated circuit 1702 with

interconnBS 17PH! QU Y st WFERCT RO JEE Befie A AsbitiHavilty a
halfkstchedipostibouli7A® dlopgssiagsirildiatdveslbefds DG1cF oufaglitateve

copRectRinR Bﬁi@iﬁf’ﬁh@@hﬁ%é@ the leadshave external interconnects
1717 such as ? Iderpalls atgachedité) a bottom Jr716 of the Ieads 17Q6 que
ifte ma a whic

t : t {
leads 17 errs1ay e pre- p § NTBE &A6F aﬁeracr%(r:n%ma ion of them.

The iddsneTd6toalsoeansrreltréridghl qwgiﬁgqbl%mﬁmlﬂlplé TR T of
matgtbi® uﬂ&'tpIexﬂweiseqhﬁaslkdeéenaﬁasﬁpﬁu{atiagemlhateﬂﬁamstﬁalem()

an partall GeROSUIRING e ISAIRIE. FIGHL 10 @il he leads 1706, s

a conformable materla 1718 The conformable materia 18 has a low
viscosity RiETa8 e rderd intiedads, st vis Wity S | ek dpe,
therconffonmapleermatgrall tifdi: parkdye gasity1pPesIed. dvie nthenbimterconfidets

171R:abaven@id areuidithe e statre GireHitidy %ﬁ@g&&t&@ leRgs H70Giand
the% cured to hargen th conf ma Igl material 1718. Thg) i% 706 can be

% mountin ad.on the.periphe ntggrated ¢ircuif in a conect
any SraPa AN AP EE LB PAEIR HaCT RN PSR ToIR I  SRapS B it
enHeneEs ARSCHiEmicar lé@kiwgl e‘fféc%wlﬂf?méné@nf@mﬁmb m8¢eded iqfnrsng Fhe
confarsnakie matakiabyl pASsisesiiewehoRhapartialyersapsulaingtharcuit, the

hai a%t%lﬂgqle%%”i‘co'ﬂnjeyig a%%hl?ll s. It has been discovered that the

conformable material 1718 should be a thermally conductive dielectric

material. F & S5pgliawsieheharieres Hﬁﬁ“B@‘rﬂ’&aéaéf"&@rgt‘édépeﬁ%te’?Fal
thatocamtbedhardéhied afterscuring@mddcdn Mmalmtain laypredetbimined curing,

thi%‘ﬂ@ﬁ&ui‘iﬁg cost can be reduced in terms of shorter cycle time, less equipment
investment, and simpler process.

Another aspect is as leads are partially embedded in an isolative layer, more wetting
area is exposed during board level attachment and board level reliability can be improved.

Yet another aspect is lead-to-lead silver migration can be prevented.

Finally, another aspect is as no mold compound is used, there is no chemical or
mechanical deflash process for mold flash removal from external I/Os, especially for multi-
row configuration that encountered mold flash on lead during manufacturing.

These and other valuable aspects of the present invention consequently further the
state of the technology to at least the next level.

Thus, it has been discovered that the conformable material system of the present
invention furnishes important and heretofore unknown and unavailable solutions,

capabilities, and functional aspects for integrated circuit package systems. The resulting
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The conformable material 1718 should be about 100C while encapsulating
the integrated circuit 1702 before curing. The viscosity of the conformable
material 1718 may be in a range of | OPa to 2000Pa. It has still further been
discovered that the elastic modulus of the conformable material 1718 before
curing (B-stage) should be less than 300MPa, and it should be greater than
300QMRa aftar &Mﬂ@&a&lﬁ@r%@'@%&ﬁtﬁ(@%@@&sb&f@c%ﬂﬁ@&ﬁpﬁ&%& 1821y

be oretaInd aftertcurlng The eI%stltc mo lus Ehoul also ap .

temPaTafurS Hale ah L 8a18PE SNG ReP CurRg ABBVEHE ntSHRiAR g oW
maEriint Ty 8r seadiffeiistenty pul @murmb@?mﬁaétw%ﬁmhwm ey Hizdiede

of organisvineia ,lﬁ@fﬁaﬂ%a@rbeéhaésaﬂmtaariahdﬁgmﬁhoﬁsﬁﬂhffaep&umw actiasia
E’s%f&ef c}er‘?too%%%{ m%*}'%{e%t& dlﬁc'aﬁ‘l' 12 Ungurediofs WRFRUS SIS

su
When the stiffener 1724 15 made b t ermal or electrlcal conductlve material,

it CARfkLiOndReHE P didfk 6@%?@6‘%%1&@ HetiERAearfeSAEghididtrigiqadrdrio
Refaitning dbwctoaF¢@aths, theddirnioshawlrvaiflows chauthbiatisy sbe re b8 00 tfor
mapyiaciwingha integrateshcrewitrackagemsysterp h00oh G aél:dfﬁ;ﬁﬂ ing
em(podlment of the re%ent II’IVﬁﬂtIOI{] The S s¥erq 1800 includes prowdlng
an mwmgafqéd cw%ﬁll 5 elSll IYﬁSIbnlﬁng ‘2165 0N the periphery of the
integrated circuit in a block 1804; connecting the integrated circuit to the lead
with an interconnect in a block 1806; and forming a conformable material by
pressing the conformable material on the integrated circuit, the lead, and the
interconnect in a block 1808. It has been discovered that the present
invention thus has numerous aspects. As conventional molding process is
replaced by isolative layer attaching and curing, manufacturing cost can be
reduced in terms of shorter cycle time, less equipment investment, and
simpler process. Another aspect is as leads are partially embedded in an
isolative layer, more wetting area is exposed during board level attachment
and board level reliability can be improved. Yet another aspect is
lead-to-lead silver migration can be prevented. Finally, another aspect is as
no mold compound is used, there is no chemical or mechanical deflash
process for mold flash removal from external 1/0s, especially for multi- row
configuration that encountered mold flash on lead during manufacturing.
These and other valuable aspects of the present invention consequently
further the state of the technology to at least the next level. Thus, it has been
discovered that the conformable material system of the present
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invention furnishes important and heretofore unknown and unavailable
solutions, capabilities, and functional aspects for integrated circuit package
systems. The resulting 19 processes and configurations are straightforward,
cost-effective, uncomplicated, highly versatile, accurate, sensitive, and
effective, and can be implemented by adapting known components for
ready, effigient. apd.g¢onomical manufacturing, application, and utilization.

While thelinven}\ion pastbgen dgscqued in condunction_ with a specific best
mode, it i5 to be undérstood th ar%g%eysiésfteer?r?aﬁl%%? thodifications, and
variation®Rilpe ppiesrtdeirehibse skilled in the art in light of the aforegoing
descriptionuheaosdingdy, ticisciifmngdedioingpbracaalk:such alternatives,

mOdificat'é%[?éecéﬁ‘?tﬁ’eaiﬁégﬁ%% Eﬂ%\!rilif%' dhatin é\% §&89eﬁc8£r¥&% Apfluded claims.

All matters hithertofore set forth herein or shown in the accompanying
drawings'878'té Beiitarpreted Hean iftserating dhd sofrimhgraerideondhe
What is claimednsgibieAniinteghaled cinduit packegecsystem comprising:
providing an integrated circuit; mounting a lead on the periphery of the

integrated circultP CEHFRALIAG 58 ThebyPat Y B EOIPRETHE lead with an
interconneethanga foffriegeatconfdrmablienrdatetial by pressing the
conformable material on the integrated circuit, the lead, and the interconnect.

2. The system aLeHBE% RS H 1 RiRHP USSR ¢ attaching a stiffener
to the conformabletifiatariath@confensypdtamiacldimeaddreciailyd- further
comprising: attaching a stiffener to the conformable material with an adhesive

layer. 4.The sydeit'S% di4iAvae it el {HRheS W8 Krising: attaching a
stiffener ttahudfestidyer withdfedatve sivie dayéresandhyattaching the buffer

layer to the.canéarmriple matesidk &nlhgsystamras claimed in claim 1 further
comprising: attaching a stiffener having a protrusion to the conformable

material and halUgytien proeimsibn iteice hfachwitbntbresirgtegrated circuit. 6. An
integratediGiGHIt PRACKAG SN SIQIPr6AMPRISING: cHIRVIGING BidMEgiaked Gitgeit;

protrusion in contact with the integrated circuit.

6. An integrated circuit package system comprising:

providing an integrated circuit;

mounting a lead having a half-etched portion on the periphery of the integrated
circuit;

connecting the integrated circuit to the lead with a bond wire, a solder ball, or a
combination thereof; and

forming a conformable material by pressing the conformable material on the

integrated circuit, and the lead.

7. The system as claimed in claim 6 further comprising:

mounting the integrated circuit to a die pad having a half-etched portion.

8. The system as claimed in claim 6 wherein:
mounting a lead includes forming the half-etched portion along a side and bottom of
the lead, along a side and upper surface of the lead, or a combination

thereof.
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mounting a lead having a half-etched portion on the periphery of the
integrated circuit; connecting the integrated circuit to the lead with a bond
wire, a solder ball, or a combination thereof; and forming a conformable
material by pressing the conformable material on the integrated circuit, and
the lead. 7. The system as claimed in claim 6 further comprising: mounting

the integiated cifiglit {o2.dig.RAd having aialleichsdiportion. 8. The system
as claimed in claim 6 Wh?r,ein: mountirg%?ezlﬁad includes forming the

mounti an external 1intere¢onnect t .
half-etched portion a’?ong a side and Bottom of the lead, along a side and

upper surface ofghe{eacQi.ae@mpination theterbdhg. The system as

claimed in claim 6 Lurthgr C mpr%sin . .mounting.an, external interconnect to
(‘fanefzﬂtégt € {ea to the sfiffenet’with fi con 1V¢t‘ 1terconnection.
the lead. 10. system as claimed in claim 6 further comprising:

connecting. the leagdo.the stiffenaemithacandretivigdnterconnection. it. An

integrated cwcwgtggglr(ag(e system comprising: an integrated circuit; a lead

mounted 0n the perlpﬁléry of the integrated circuit; an interconnect connecting
the integrelfed Birenitd © the neariear thedeipterimab@imaterial pressed on the
integratednGiretibntbea teadcandihrtditesconnact hledhangystem as claimed

in claim 11 IWIRGT GRMPISIAL HASHTSREHAIACRGRIOINGCOROIMAPIG he

material. 13. The system as claimed in claim 11 further comprising: a stiffener
attached to the E51{8HfEble material with an adhesive layer. 14. The system

as claimed in claym, 1. fuHher SomPLsing .shllensrAtaghed to a buffer

layer with an adhesive layer; and wherein: the buffer layer is attached to the
conformabig 1stérainets Frs Qe 9o tiithed in claim 11 further

comprising: The system as claimed in claim 11 further comprising:

a stiffener attached to the conformable material with an adhesive layer.

14. The system as claimed in claim 11 further comprising:
a stiffener attached to a buffer layer with an adhesive layer; and
wherein:

the buffer layer is attached to the conformable material.

15. The system as claimed in claim 11 further comprising:
a stiffener having a protrusion attached to the conformable material and having the

protrusion in contact with the integrated circuit.

16. The system as claimed in claim 11 wherein:
the lead has a half-etched portion; and
the interconnect connecting the integrated circuit to the lead is a bond wire, a solder

ball, or a combination thereof.

17. The system as claimed in claim 16 further comprising:

a die pad having a half-etched portion mounted to the integrated circuit.

18. The system as claimed in claim 16 wherein:
the half-etched portion is formed along a side and bottom of the lead, along a side

and upper surface of the lead, or a combination thereof.
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a stiffener having a protrusion attached to the conformable material and
having the protrusion in contact with the integrated circuit. 16. The system as
claimed in claim 11 wherein: the lead has a half-etched portion; and the
interconnect connecting the integrated circuit to the lead is a bond wire, a
solder ball, or a combination thereof. 17. The system as claimed in claim 16

further cqmprising: §.lis Rashaving.a:halé-atehed pgrtign mounted to the

integrated cirtcuit.1 ,1t8. The ?ystertn S &Ia{mgd in claim 16 wherein: the
haIf—etché‘fﬂEf)iéerr ton s forme é)cl)lneg a sideand bottom of the lead, along a

side andhyppersufaceof theneas £6a rembinatigpihigseof. 22 19. The

system asC%Iaglrlng\% igtcl%imeg?gogucrtm%t?g ! &rfgggl :th%ntﬁ%gemal interconnect
mounted 16°the Tead. 20° The System asclaimed In claim L6 further
comprising: a conductive interconnection connecting the lead to the stiffener.
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