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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As an extension of the semiconductor industry, the electronics packaging industry
has witnessed ever-increasing commercial competitive pressures, along with growing
consumer expectations and the diminishing opportunities for meaningful product
differentiation in the marketplace.

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



performance requirements of next generation devices, the industry now
demands that cost be a primary product differentiator in an attempt to meet
profit goals. 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
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OF THE DRAWINGS FIG. 1 is a bottom plan view of an integrated
circuit package system in a first embodiment of the present invention;

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.



FIG. 2 is a cross-sectional view of the integrated circuit package system
taken along line 2--2 of FIG. 1; FIG. 3 is the integrated circuit package
system of FIG. 2 in a post lead providing phase of manufacture; FIG. 4
is the integrated circuit package system of FIG. 2 in awire-bonding phase of
manufacture; FIG. 5 is the integrated circuit package system of FIG. 2 in

a drop confermablg smaietiahaiachingRhase al.manidfaciWigiion w & pRds
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alonpgotheding: 8ra8iatf1G. 1; FIG. 9 is a cross-sectional view of an
integrated circuit package system in a second embodiment of the present
invention; FIG. IOis a cross-sectional view of an integrated circuit
package system in aBRIiFF eFtcRirmet oFtihE presentNasention; FIG. 11
is a cross-sectional view of an integrated circuit package system in a fourth

embodimefitiof the? fraiehelvaistion, a0 intgererd1Tyinrerbas. et i ity
of antistegratgdheipcdhpackage; system in a fifth embodiment of the present
invention; FIG. 2 is a cross-sectional view of the integrated circuit package system taken
along line 2--2 of FIG. 1;

FIG. 3 is the integrated circuit package system of FIG. 2 in a post lead providing
phase of manufacture;

FIG. 4 is the integrated circuit package system of FIG. 2 in a wire-bonding phase
of manufacture;

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. 13 is a cross-sectional view of an integrated circuit package system n 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;
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made without departing from the scope of the present invention. In the
following description, numerous specific details are given to provide a
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invention may be practiced without these specific details. In order to avoid
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embodiment, etc. as a matter of descriptive convenience and are not
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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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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.



The conformable material 106 should be about 100C while encapsulating the
integrated circuit 102 before curing. The viscosity of the conformable material
106 may be in a range of 10Pa to 2000Pa. It has still further been discovered
that the elastic modulus of the conformable material 106 before curing
(B-stage) should be less than 300MPa, and it should be greater than
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wing-udiainghphasenod mgufacthrsotioente grateid! dveintipackage s ystens
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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.



Referring now to FIG. 6 is the integrated circuit package system 100 of FIG. 2
in a curing phase of manufacture. The integrated circuit package system 100
is shown having the conformable material 106 being cured by radiation 602
such as infrared or ultra violet radiation. Referring now to FIG. 7 is the
integrated circuit package system 100 of FIG. 2 in a post singulation phase of
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surface 908 of the leads 906 are connected to the active side 904 of t
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conformable material 918 has a low viscosity and, as temperature increases,
the VISCOSR}? glgfggwép 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



Therefore, the conformable material 918 can be easily pressed over the
interconnects 910, above, and around the integrated circuit 902 and the leads
906, and then cured to harden the conformable material 918. The leads
906 can be any shape and cross-section, such as T shape, trapezoid, L
shape, etc, that enhances mechanical locking effect with the conformable

material 933rhig cARiRrAabie mRigTalRIA ISRWRERFARSHIRIRAHES ated

half-etched portion 91%)83 the leads 5)06 to a otlnt (o ?planartwnh tbe bou[%m
0166 B fe 4t Yue™ 1P Ha SR IR eVErE P AT S Bk aBre
mateizitol gretiboiakhee ayetrarrPAp @W@W@dﬂb!@@&ﬁ@%aﬁemww@h as a

confesmabla materiah 948 cambesmade of a B-stage material that can be
hardened gfter, cyrng afgﬁﬁ%@ Malniain &R ?985%’%‘8'5‘%9&%%@%% an upper

conformable material 918 should be about 100C while encapsu atl

intégraied Rirddft G0 Betaie Chmh g THe S asifyBetid @dh?c?ﬁ%ﬁrgerﬁ%‘i@ﬁal
91 8umiayebesiracnaige wililioRadm2@0DPaudl e stilbivsther been discovered

t(gat the ‘;'%U%%i@éﬁ? YR g:me H%Qfﬁl\%)a( 'Eh?fbé{%ﬂétl?ﬁh&f&%llé @g@&mtﬁﬁe?ﬂﬂagurface
shou S shou reater

30 r}feff c9t2r)gn The E Cpghggré; “h %r gefjrse eraﬁfy% 3 ganﬁerer‘ljrjgbbodjt 4

10b(0k§efo?é6aﬁdiedﬁteis @%m@y vherepé@%\mbd{m!i’s Shouleharsdpirgpoaf them.

tempe [&bﬂ@dﬂ@[@ﬁ&esbbef@r@@m aiftele curmgupbave thecorfaraablaultple
m%e | 94848 huffer layer 920 is mounted. The buffer layer 920 is
used to compensate for the coefficient of thermal expansmn mismatch

between th8@BHdiAfalife lﬁ‘i‘ﬁféﬁ‘&F@1@%%%??%’6%%%&%?%2?33&%%&6
abovenitHf®buidehd dapds IRVislt ivpgredferdbiethat the Duferlbyentd2Mdsmeade of

anjnsHatioRMma Iialas temparRGraHRIIVE daVEl-94 T%g@e)]fota;%ra|o|olied to secure
a stiffener 24 the btuﬁ‘er layer 920 'gne bu er Iage 920 the adheilve
a

layer 922, B¢ ‘?1 % R B GBA Kr e I 8 ably tHErmial EONAIEEE 25Snds

extdgshetgtfetbrsd By therehdeatisargpdradvitetifatediteiricads 90® and then
Theusdiffe nga@2d-mayohepradaahoyganic, metal, ceramic or other material,

which is stff enouaidQ.aclA %?sﬁglpep% E?&%Q&&S%Pf%ﬁ‘%?‘? Jatenal 948 in

its uncured or viscous state. When the stiffener 924 is made by thermal or

eletfigaiedh GRtRRS ATl cat S TRIAEedN A hrecor &HRaBle érétﬁ%r(ﬁ]égr%ﬁc
intesfésendde shieldingl Risethown enRefelriing thowatbeFelEd A@titherBinfishsHomn a
Cragg: é%m%vgemﬁm@m%mmtm%aee system 1000 in a third
embodiment of the present inyention. 1he '“&%%E%d %1%”3'1140?d°l§) 99 S}/

1000 is Showh, hav INg an integrated circu such as a Wire-
Theoidtsgratdidisiveunaong. i hqcﬂsmieel@h}erfret@ﬁel Pad %008, Tie nftegﬁatw

cirguik 3002 as ’RMmactha sideclfQdnd bs hmﬁegmteﬁwdeeaﬂhﬁh&ﬁ&&ﬁ@ﬁached

to the die %d %Porma qé mgenaetgqghsl%%np B 2%0019%0°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.



On the periphery of the integrated circuit 1002, 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 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. Theie pat P03 SRS Shann Q% nadhe RallRiched RaRtion doha:

below an upper s rface 101 of the di 1003 The leads 1006
R SRR B BDSl 1A A 1 BBl Lo R Bt o

thettpsifed ebleadithrobtiter RO 2Phé Féarkfﬁ@%hm@e lbef@réama%a yithdRlpf P,
AuiguriynGaahination of them. The leads 1006 also can be arrang_ed in
single or n}lﬂlt@(lgem el 9&:%&%12%@9 E%plln‘glqltlgégurg l%ffgfe%teﬁk 90 U%e buffer

Encapsulatlng the interconnects 1010 and the integrated circuit 1002 and

pattitly Eh s dufiting thefe s dsoe e B%ﬂ%%d%f%‘afe‘?ﬁéﬁm%fﬂ?%
corformiptermhateriad 10d 8xaas ldoyenviscdsifyenge@asoes peratepated circuit
incggases, the viscosity gets lower. Therefore, the conformable material
1018 can t')iﬁ e?ﬁj y %ggsed over he mterconn?(fts 1010, al:%ltl)ve andlar%und
the integra ed’circuit 1002° %mdni’ﬁe Ieaé%alilf)ﬁ%e hd then Oél?re‘a {na farden'
cotffeifhaitsieehriastiatl A gpport for thegenferorb e 00Gdalr? kﬁelram/ugﬁagéoamcous
Craggesewtion ttﬁ@ﬂ@srﬁﬁhap@d%pemiﬁlal loshajpgsaetonidate@nhateest can

meghanical QQ‘%EHQO‘?ﬁ?S& gnéhc G f&encé?h?eﬂ‘ﬁt?“a' 1018. The

conformable material 1018 is shown onl g@ artially encapsulatlng the
half-etche G POFETIDIREF the [BHEE PEBBY™ 2 crovrectBMfortapiamiktenise

10&i8cist alskaghgwenoHi9opartidily enbajisutatingdipedalimstohed gbetiongt O
of thedl agﬁgelggém 1000lthas e an discrvekestatithe qeormale; wire-

terlal 018 should be a thermally conductive dielectric material. The

con orma Te material 1018 can be made of a B-stage material that can be
haildie iseRfed cecint @hid wawnisthireaindis prédeterminateamtgdrassit 1002 ppe

co aﬁmm&kﬁﬂdnamerimhm&&gﬁmwﬁctﬁe @bow 1QBGwhile erGapsulatinghtheie
integrated circuit, 002 before curing. The viscosity of the conformable
material 1018 may be in a range of 10Pa to 2000Pa. It has still further been

discoverePth&f ARt RoAfEL 61 fis doHidmisnid thatBridnipa 8 HeRste
cusinfpdB18tagelshoptd deflessititart BRAMPal 0N shoeldde greatéyethidn

300aM BarRftaE dé\:y[@mgrcmt 10008 shewdhrieieiatlibs s.fifference about

10X beforg.and gftar,guring,, The o e'as“c Té?fde”t'cﬂs Sho?%f'd 2059 gePQv : upper
temperature increases beefore an r CUI‘In e con orma

maefigt 100Boftktitfadie 00024 hs mgmpﬂe@pS 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 stiffener 1024 may be made of organic, metal, ceramic or other material,
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

cro;sasectm%ka&i@w}@f %ﬁaﬁw@t%@gﬁuitmc@%y&m &%Q@airbaerou{éh
embodiment o e resent inve ein ate Cu a stem
N Ol e R e T g
Thédpregpdtebheiredie sadorigbisomiesd 8VEr a die pad 1103. The mtegrated
circuit 1102nbas@neudiva sideyldabe aﬂa&ﬂdsbtsegeatﬁdsa&cwtﬂsh@& isgiiashad

to gﬂg g I%tp qgaé" Q1 nvc\g h ec?m%g tfqgcl?(l %hﬁ‘gc}/%w]f COHfOl‘Qabl‘éh%a? ? ph@{é{ of

the integrated circuit 1102, are leads 1106 havin an upper surface 1108.

Théhg p‘i?éf%‘i&‘?‘fﬁ%énffﬁé &Pﬂ%el?e%{t?é” N POl 41 Pﬁrf'é&i‘éﬂ‘lﬁé“’tﬁéhécﬁ%eé‘f%l
1104toimthe tntegeated th@uit 1102 with interconnects 1110 such as bond

wires. THDG 830 A0 @R SheyvR Qﬁxi%@nh@xﬁ}%ﬁhﬁﬁypg{&‘ﬁﬂll% JTZthe
beLO\ﬁ[ kit per ST15f 111.:|L88 of th(? %eads 1106. The die pad 1103 is als
it

shown Ca‘(“/l ﬁ’n cFBortlon 1112 below an upper surface 1113 of

the die padf MSO‘@en discompsd et she TOEaretflsribrisrshdWNE eplssedadhsrorBy
sideddlddheaiRotennldd bl amd-alangparkohdbadhalftetehead ﬁﬁHéQfﬂ ikl@age

Th%a%%%haél.?@ 15“%5’%& SRR WM Bl A O 2% SR IRAIN.0

them. The leads 1106 aiso can be arranged in sm e or multiple row formats

to match nbRipIE EvAle SratEekEY Bidould bephoun JO0iGHNG henfpstRgAn s
11 iGeanddhecintéfpatedocirauitd 102 aiscbpartiaithe endapshlating:tiablE&dsay
|119@mi§ AR raﬁqr(ﬁpélw?dmiaeriah;ﬂsls&ﬁ ﬁmgr%%%qrm@@d materalddd8lasa
Ow VISCOsSI as tem ure INCreases VISCO

P e B G P M S B e an
int&rdvnlddeterepter hap BNV Bavdterrouing the integrated circuit 1102 and the
leads 110G handifien seeshtp tardenthe.copionmableormatarigled 3. The

Thaas%%%aﬁ? sﬁgﬁdoﬁs@’&}‘oﬁ'L@E’Ef‘n%&?turre(%%%réa?e%t't%@mé‘éﬁﬁ' fir CEJ]%?eAbove

trapezoid, L shape, etc, that enhances mechanical locking effect with the

corfof AR HAtetEr D18, THE ConiBtraBIR Hdkerial 1118 is shown only
partially eritapsiitating (e halfeetohdd @ostipnid hi@abfdhenieastsobOaterial,
Th%&nfpma&lﬁlgn@s%aaéslals&@p&t@&% b&amn%lx nadiallyepaapsilatipghe
half-etched portio 112 f th 9 It h]as been iscovered that
v1sco stat en the st1 § %1 IP& ﬁrmal oL e ectnc uctive material,

the' Eahforhable mateial ou ermally BT Gig DA
matéﬂafumhen@éhfe?mésmgehm@ﬁ@nitlcllst@rémeb@ phistienafaeB-stage material
that can bediardgned aftaccuring:endcapwhaitirinapiedetarminethiegrated
thl(c:lrcm? 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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The conformable material 1118 should be about 100C 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

gO]POM Pa @ﬁ%etfe%ri% are JRRIE %?J%Qié'q Iﬁﬁﬁfal’cr?@ch(g@ﬁll@n differepes aﬁl;pkl[;p%px
eror er curin e elasti snhould also re
surface HD% tr tg Iﬂ) l?h Aeb%\geLit]iil) 1S also s}feg L] avﬁtg ]E%%rqp etcﬁeg

incTa5S8s Berte Sne ter curing. e integra rcui
stiffertien 112dbsomaue surfacy hel Siffépdic PaQ4lAAs a protrusion 1126,
which contagtsiieiactive sideel 4 otipedntegratasieircuit 4682l hae, and

SUHENET Ao %an‘?cﬂ?:é SRLLIIRNIGHIRIAL GRRAMIC QN ANGE MALGIIR], pi.

which is stiff enough to act as a support for the conformable Material 1118 in
its (hEUPRY BFYisEsis s tate: THE [srotrlidoA Lo e sttanggls ppaultple
funotidhsnas @ heah sinkidedwvitgoheatkedwby: from the integrated circuit and

diSSipatin%m%Hﬁé%&QYﬁ‘J @}té?&gﬁe%wf@@@ AERe mtegﬁ%ﬁ%ﬂ&&ﬁ% Eﬁ-l(ﬁlQuah%
therein is sho F‘%Offo ectional view of an |n l%te% CII’CU %ka%at

Sy SP ﬁ‘%sl%’bgm a em (5%Ilamcglrll orrflzﬂg]g rf)ltaéesrléln nven |on e mtlegraf’“él
ciré&lﬁﬁa&k&g@vwswm@zmw@MMIMQﬁm theetpeaey &irdaisr1202 such
as dual wimrdaaﬂﬁedhdi&snformaﬂ&e integrated girauitsc 202 arpraneuniad aver

mUIt rlc%tglfeectg qgﬁ)la%a (S an g%%rgltedt r%{'elzgsm:rchth ﬁ’t?z n(?‘ Eyvﬁ %Idﬁ%é.ZQél
The mtegrated circuits 1202 are attached to the multiple die pads 1203 with a

diehstt e HahadReeserormabls pfEPddfibhery of the integrated circuits
1202, areTledesid P06 havbaguansuppendurdscectizgi8udihe dppepesurizeeid 208

of tag leads 4206 are.coneraied o lhe astive SidasleRfoldhe niearaiads.
cw&gﬂs 1202 |th mterchn?cts 1210 such as b?nd wires, The activ S|des

o?‘{‘ﬁt‘%rf‘ﬁategr%%a“éf%lrcuufgs oS oS IS A s saRstla e the RAlIRSISdie
paderd®0d WWith tededterd¥nnects 1210 The leads 1206 are shown
having a halfceteheabpotiensl 21R helow e v pRe hadHiacen d308.6f dhe: leads

129&6'5 grmglppﬂg Jie &@9&&%9& are also shown having the half-etched

portion below an upper surface 1213 of the multiple die pads 1203.

The |ead§} f?‘t)%"%ﬂéhﬁ‘j%ﬁé"rdéhﬁvf)ﬁ EXBER a1 ] égls?i‘ifd odifsamally
12tGdandativigpannattie Half-etcletkhpontianrib? 1P.8Tde beanisid 206 Bragde
PresRiaiadnithnNb IP;de%&aq&@fwrﬁfgmm eﬁihqmlﬁilmd; %ﬂﬁ@%&%&@ also
can be arfangec in sl gle or r’&u#} %Ie row, f]g)rr’q3 ats to§p f’nultl etvels of
stacked RERSSUISERG the interCoRn Ay nd %n‘f Sytatedhe
cur@uﬁgalmw HErtielityesntap shhatifgatie Iéa@scsvﬁ%r}a@%\r@mﬁ@rhﬁh%may

madenal hadSof Thea wmtﬁoomagmd aanalefiahd kS hRs A dewivis 6RSI @t @ss
tem I%réac%'l ﬁ)rm%l%%?eﬁﬂq ﬁ Yé%(:%)srletyc 1e tgs(pVYage) houTJ] gr?gs%r%a hﬁOMPa and
con ormable material 1218 can be easily presseds over tﬁe interconnects

12 P ubResate SrauiiEPBMEeTr4t_Y circuits 1202 and the leads 1206,
and then Turedhianldgraiémabihe teon fifinatoteahoataiiX] d2di8.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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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
haﬁfm;{?"é@ Iq)%ltgequ%m;m gl'lﬁ @@gﬁat]-léoée heat l(”é@@ IQ Rurface
discovered that the conformable material 1218 should be a thermally
cofidtictive dielectric material. The conformable material 1218 can be made
of a B-stdtséemizgarial thEcda Hehardeheunafepcuriigrahticant mnintinted
pregeianured tNeKNESH in a fmelﬁedsﬂmme&lempaeteﬂainlaaﬂ;&shwldlegated
about HADGNDIG RCARRLIBUNG ING INIegRIEE GIR 4 203 BRI GGy
The wscosﬂy of he conformable material 1218 may be in a range "of 10Pa to
20801 fi%as still further been discovered that the elastic modulus of the
conformébile magernial 248 bePOPeactinny(Bdstagenshipl¢ldiioepl@ssifttan The

3OQM§§te@El¢cﬁ§t§h%ﬂﬁMQ/€ ArRaEIB03000MRa ALES CHING02 are BRKIR to

should (Leerabl |ff rencettab}?tél 10X ‘? ore and after curing. The
elas r15“ S temeﬁlevra ure increases before and after
curing. A@@\féemeleb@rwo@fﬁébret@ﬁeteher@%%%méa@p 1204 b2y o iih teler

Theustiféenes. 12261 dﬂ&y hermateoborganies metalccaimpiiedab athatinatreal,
WhﬁB4'%t§H egr CtIQCI?i?t ﬁ%?v? HlpRt%I[ oflg)neégel fﬂp s]clﬁ)clilmépogd w%t%n%‘le ac%%

its uncured or wscous state. When the stiffener 1224 is made by thermal or

eletifitat Corldtlieivessteriatiit LAM Mireabn Mscresrsthie SieerlirfintligPetic
intéefSrentehshieldingetayyr10.  Referring now to FIG. 13, therein is shown a
crozs ;eqtimeéaéiq%@fa@@ Jm@gra&qucgﬁm% Q@E&ﬁg%&){ﬁtﬁ?h 15%8@ i@ §&tas£b
empodim re invenuon el ted cjrcu a

0B RSO R A AN TR Sk i AR b
activbedipstipyd4!12 bel@fria@h@memﬁery?éﬁ@fbeqmvlme mfé@ﬁaﬂé’@%urcuit 1302,
are leadsrh3QadavigaanrupResufagsola0Bonkhesiappersurtagen 308, ahlthe

'eaa‘i'§n %%@ &%&%@P&&%&% Qe Beive ! ‘ﬂead]sf"l%&ﬁb SIMEHAG G GHitp,

1302 with interconnects 1310 such as solder balls The leads 1306 are

shOWRTHAYIFRNEHARTREASE pORAHE I PR GHHNE UEP&HStTagl 308G the
leady 306t Thealeads! (o6 aie dinthkrdishown exposed along a side 1314, a

bottom 1%3.@@{]&@(29&&%9&4&@ half-giehedmrrtion J3dé bhe leapsdha0s
pre- pI e ez;/c\{lth Né Pt, Au f?)r an ecomblna}g&)g them Th Ieads

11% 18 _a_confprma he .conforma mateﬁ
SO C e arranged In'single or mu e row tformats to match multiple

Ievb%fﬂdlrae@dewwmety and Eﬁ@ﬁ%@ﬁtmgcth@%té?déﬁqw@ﬁseﬁmend the
integratedigit, 1302 anthpadialiyeacapsulgting the lesus %ﬁ@@diSoaer the
conformanle. MAeIRl £318: JTh&saniarmable material i3 §tﬂ 2R.219%e6, and
VISCOSIty ancj as temperature INCreases, t%e VISCOSIty gets ower.

Thirarersd iR RN RltersI 12 kan be easily pressed over the
interconnBetdedB810abaves andsknpund thesintegratedicircliitikBO2rapmdoiiel.

leagls,d 306, @pdihaRsurehip Aridamhacaniarmable ARl haddd 121s.

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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The leads 1306 can be any shape and cross-section, such as T shape,
trapezoid, L shape, etc, that enhances mechanical locking effect with the
conformable material 1318. The conformable material 1318 is shown only
partially encapsulating the half-etched portion 1312 of the leads 1306. It
has been discovered that the conformable material 1318 should be a

thermal |VIP%%GH\éﬁ?ssiié‘é{%ﬁt%tfﬂﬁt%&ﬁhr%ﬁlﬁqua&gnﬁﬂ'@ Maignial aléﬂi&%l%n
be m%de{ of a I? stage ma erial that can be hatrd maquafter curl O'p 3‘% f
main alilﬁ lgtepl’léa(ﬁettrécrﬁ]n?neen thic enceogsorma hréa?:%hforma(bpe mmf"erla f éage
shewlerisettabentbe OaodepeHing e neatssuid erg e dinte gietkse eired ihitBB> before
curing. Theevisensitydf the-aaniformaladatasal L3d&maydentapsulangenef
1053 10,2900R]- 1509%%%}!4'c‘f}%f&he‘rﬁ’ee%EL%'&%%’%%%&%%S@% %'a%&léﬁ E‘i%’%ﬁé’s

of the conformable material 13%8 before curing (B-stage) should be less than

30bMPArAsh Kh8 e YOG Ahar EH%“%?SWP S&ﬂ@ff&ﬂlﬁﬁ&w clastpmpgulus
shotiftepraeferaliie beterdiffeténetoalvouit d BXstagfoseoaid dakier thur FYMPagand

elqggi%mg}gtéhgmg@mli;rg{g@ggggnperature increases before and after
curing. A'i‘ adh gsiy 2% abof e the nfo blfe matéarl | 1318 may be
applied to s%%ﬁre a 3t gﬁ‘e f4df egcecén orm &asial 318 The
stifflepier rm@@hlméyuls’eahsa@repoq%d?gmm@pmemﬁa&@r@ﬂhr@ @trdoetﬁ@rcma&néhove
whighcisistiif.eRoughiiniacs, astarswpport fomthaeonformable material 1318 in
its uncured OrVISCOUs, State- RSN 16, SHHENGL.d 3845 Made by temalol

electrical conductive materlal It can furiction as heat sink or electromagnetic

|ntésr1%‘|féﬁ8%u§hllé1d‘ﬁﬁg“lafyé‘fpp°rt Rethring B8RPt Bt 4 2telbily i8SHEh A a
cross:sectionaMievhofEfenntdgrdiechaledyitipackagelsystemoid@0 vinneaterial,

seyeattemBRdimantf harresepldnventiRinlhgiiniggrated circuit package
system 1400 |s shown h?(\glqg an mteg (%)ed circuit 1402 uch asa q
wire-bondST g With S Betive ik A Ont eeCtﬁjélﬁ ey bifateerate
Inté@‘?‘atéﬁcéhﬁmsl%@?%o&r@ fesll adndi maringtarissie msentace Theogearhed
uppedusitpface.14a&0f iheileadsnlioh ane taanectetto thwenrakivasidaepldis
of the integrated cjrgyit 1402 with interconnects 1410 such as bond wires.

The leads 1406 are shown having a half-etched portion 1412 below the upper
surface 1408 PHHEMNERARMAHSY PRTEHASH 4t atdFuttidfEhdiid 8xpBséy
alongea side< 1308, dbotipm 4406, H0d afoirg qdstl6Ghe: halhetehedtipostion
1432. THg leadsl4ff-mav.he pieshirted WitheD. 1R To Akl s embination
of them. ]Epe Ie%d% 06 aI o cap be arra g etdhlrgi3| le or, u!i Ie row
formats t0 Fhateh multipis Ievel% ot Stacked die’* P h%laps ating the PPer
interdaren o 400 1eadd b?&&iaweehé&pbi%mgfuﬁéerrﬁﬂégva@ﬁoe%mrm@@and
therleadsvbdoa, 1'@1@, @@nmfrrgl@hl@mmmmc&«ﬁa&p&h@l aonformakigaimaterialy
LALE fes adeviyiseosi and. a5 (EmpRIANe ngpasss. (e visgosly 0R1s
lower. © There ore, the conforma able material 1418 can be easi y pressede
ové?%h@‘?ﬁ?én‘&%‘ﬁﬁé@tg“i’kfﬁwéw ‘g SR e ragaddicuit 1402
and the |#adp14@6g drdithennwred i00hardén ithezconfoimmnablgotate faliddl 8.

Th@ql%ﬁsqﬁt%‘éoﬁecﬁﬁhp@ﬁ&ylsstﬁ%8@&11%%9} Ass3actian, SHEAsolnsBRRRaterial
tra[i)e%%d shape, etc, aat enhances mechaqjcal Iocklh%% effect with the

con?ormasb"le‘“fvn?ﬂ1 SO 198> FRE TS ONTSHS Matss Y48 1€"Shown only
partially éhetigelating wigonathletchaeriportid 141 2bsf taglleakssed 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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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. ThgMisEoSHY0fthe: %99@156%'@ matetiabiAlenmeay Qi%ﬂ@ fdRA4E, of
10Pa to 200 Pa Lthas still furthe en q%scovere that theal 1Iastlc m?dgtllgs

of & ool Mab] ealrlﬁ%sté??éwlﬁé d8te cucr'linvgvglt -St Conffr GIdBE s than
300 MPeentardahlsHatd el Hredserhan @%@M@éhﬁmﬂ@wﬂm@g the Tipiépeched
sheuiigbprefierabe hada ifterence about 10X before and after curing. The
elastic mﬂ%“'“&at‘&sc%ver%&’ &1 PR ERNHD B%Pt%“?ena‘ff%%% R RRQ aatﬂgrﬁff@r

curing. Above the conformable material 1418, a stiffener 1424 is mounted
ThEPaTHFEN AT RS AP S S SR T E R L Srahie SRt nRatereal,
whicheigistifit emduglrtena¢tixs ensuppartdomtiveagonfordvalbieea dtekiak1418 in
its uncureglOFyiReRLsSIRIRHVheR thestffRnsbddrnie MardeRy hemmal ot
electrical gonducPV% g@\tenal it c functlon s heat sink qr electr?n}:ilgnetlc

) 1ntfe rated circuit ore curlng osu A9 ormable cf:rtl
Interterence s |ng ayer. IS connecte eadas

14%thW@%ﬁn@3@ﬁQ/é0m%echrhﬂ%@tlbﬁrifwzmevﬁécewem@ﬁv@q [testsonerdtion
1426venhansestibenabilily of dherstiffenar Bid4tpsasiiasapseleairmmagnatic

interfer ﬁ%g ggé%rd&pag 9366%%%9 1gcglg,urlpéent resulting from ionizing radiation to

a grounding pin. Ref errln% now to FIG. 15, therein is shown a

cross-sectiSira\rahRsF et @taaf‘éfae‘i’ﬁ?%ﬁbﬁ'ﬁc%éeg‘i@té?ﬂ Y55 6UHan The
eighikiiembadindnubf ike prgsentanyentionintiesdntegoateddcafcuitpackage
SRVENEI O ﬁb@w&b@m@qmmg@a};ggﬁr%glm; BLIGBASIBo secure a
wire- onde d|e with ve side 25% On the periphery of the
int&gf 18 d et s Oré?ae T S %avmg an upper surface 1508. The
upper su ﬂfh‘té@@% IGR thaaekaigate 0Gosganic onelelc ettic thieo tetive gide WS gy
of thedifmtegratiedbciteull 150 mithhintereatnactaclhlOrkuchiasbandisires or

Th%‘%%??t&?‘)%% eEnow0aung a.nalf; ?%Qﬁ%f’&@l?&!n]cQjc%n'ﬁﬁl%, %‘aﬁe}iﬁper

surface 1508 of the leads 1506. The leads 1506 are further shown exposed
aIdﬁ@a‘éfgi’d%oﬁﬁiﬁeahs%ﬁbﬁlfcff?f@g%ﬁﬁ‘d a Erﬁﬁeﬁ%fr%‘flf’h‘ég H¥fetched portion
1512. Ré¥erfagilitatedrfisiove therdchahioal lockingsdirvededds d506ihexradihe

haﬂl@ﬁ(&hs‘«gl@gﬁlﬁg\e@ L4mlong t&%ﬁlﬁ%&@&ﬁ&ﬂﬁ Jh%qpq;@@at%ﬁaélmntherhe
leads 1506. The leads 1506 > may éb%P ated Wltht Ni tPdt Au. orany .

combation 6 agf’ RSB ST NE S ANs B ARG e S & @
mNﬁﬁ@th?MﬁWqﬁh@t@H%‘tﬂﬁple levels of stacked die.

Encapsu leding: tbé:hﬂﬂ@i(}ﬂ nheaiedRiO andipaszl W&E&ﬁp&ﬂ@ﬂﬁ@@% upper
integrated sicuit 12020 ace%h% &Iéqeau'sﬁo%oa@!‘%%mr% 6 Maleraldodg.
The conformable material 1518 has a low VISCOSIty and, as temperature

inchaXkdhees iR SH ORI nterconprsteA 418 SRR S SRS ADle material
1518 canlbe kadily40resseshove hthadnierdbpnsetdbd0), 1dbbveloantiarnpprrd

theipteg rﬁ&%do@'{ﬁ%ll%h?%o@n drHaderds ko6 rand: R Fukpekde darden;the
Conf? %:t))oltetom% ]dS}OHg 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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The leads 1506 can be any shape and cross-section, such as T shape,
trapezoid, L shape, etc, that enhances mechanical locking effect with the
conformable material 1518. The conformable material 1518 is shown only
partially encapsulating the half-etched portion 1512 of the leads. It has
been discovered that the conformable material 1518 should be a thermally
COMUC“‘L@&&%@%H& [E@E‘ﬁfé?éoﬁﬁ@&scmiprﬁl@?h@u@?@%ﬁ&b&ﬁ%ﬁ@% l?f»?te%l@t@@
of a B- Stﬁ%(g %terlf éh%%an be harde 4 terci n@gﬁnd can r z?lntaltn 2
predé Erminé HEES V0 ARSI EBE Phatetial 1518 HEt G Baer
abdti1eoClevhilecehizapdamgeemtseatedheirégit 1582sbefere curing.
The viscositeidhenconiemnaiie mataial 158 mawbecikig rargedobiQPado
20911 G eagﬁéﬁ%" fH ;[/Qez{ngea%m% SEOY nte gegted 01tr$ ? EJ@ZS Eu?drﬁi%qye!cﬁjs lgg)éhand

conformable material 1518 before curing (B-stage) should be less than

308 Al Ry ot g rabifersEn MPa after curing.  There
should préietedly I3ecacdifferencembeud $0X-before and afieslapeingpdoe, L

e'%@ﬁe”&@éj Wus sharld alsq.Arop 1%§k§ﬁ£n&§:@twﬁ increarss el Qﬁ@téﬂf’ gﬁtgzr
curing. Above e cotnfo‘;)mﬁlgle m terlal 11518 . §t|ffener 5t24 % th y
The StffSRSFIRS 4R he Hiade 8 brodHc PRLD, €Sk ?ﬁu%m hef' matetial,
whiteHips éﬁffzéﬁéﬂéﬁﬁ% act as a support for the conformable material 1518 in
its uncurednas vissusState. Whaa d&ﬁ&ﬁhﬁﬁ@&ﬁaﬂa%aﬂmmaﬂeld)yetlaahmﬁabmy

elegiliralgo "é‘f’& "éemn%é'i%“afhg 9%'}‘0&”8%%%% %155'&% Rl glectrenaanetic

interference shle ding layer. Referring now to IG. 16, therein is shown a

crd%%teé‘él:'ﬂ?éﬁ‘f&P\?féWrﬁ?"ﬁﬁ aiﬁ?é@%&&“él?&ﬂﬁ?ﬁ%fé%@@?@f&ﬁqe%@@‘ﬂﬁ% ninth
embodinBnt afithenpbeseateiinydriid nhdilve hnteégrated Kircuit p ackagd systdm

1699&3@&%&%@qmg)@&éruﬁg{gatqﬂec;tmgt}Q@%@@&h@ﬁa@wﬁ%@aﬁ@ QLPy
wi an aCtlvdg %% 1t6%0013 PE thg Iofe E %% the |nt rﬂed ircuit 16?
arSIeRAEETS havig an LibperSaHAtEls Séodﬁreer 2 e s 5B %S e
leatisht GOE arenldlo Mgt d 1b8thefoae tvensidespe0 st bei e dhareBtuiend

16Q2nwith intescennactachd it sushamdbond wires.  The Ieads 1606 are
shown haying g half g%?i}%%yp&”éoc{‘fﬂe%@e bglow e b%P&g (%8 Qfdhe

leads 1606. The leads 1606 are further shown exposed aon aS| e 1614, a

bofﬂa?ﬁcmhﬁﬁaoa%ﬁljop%m@c?ﬁtﬁ@ﬂ?@ﬁ?&t&%ﬁ%bm&ﬁefeizﬂef cufipgtadiftite
easiersifuguibteongithiel gt 160Gdavedthenbalfeétched portion 1612 along

the side Yol didnsktheunpgrsuriacs: LRAR OLING I6adsid 608nt haleads 606

D% pernemp lated with Ni, B, Ayoogh%n%n%omblﬁaggpr%t asTne Je%g% or
16 6 M6 S5 BR ArAhgedi Singid S RUTHRIR S W Foimats t At Wbl

levétsogt srickBdaighe stlffEﬁté‘b?éuFaﬁ&@ ehmercosetin@ndrang paially
engapselaing iheeﬂﬂtﬂgrateﬁcﬁi&ﬁugn&ﬁﬂ&arﬁeﬁheslﬁadﬁ@% is a
conformaﬁl é[rlee:r;l %M‘ép 1]§%0r-1|;1re}é‘ateﬁq %Qﬁ) '?46233\%%%' cjdﬁcil' 8t1hlg‘§n%rco\{1vnection
VISCOSIty and as temperature Increases, the VISCOSIty gets lower.

1426.  The conductive interconnection 1426 enhances the abilify 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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Therefore, the conformable material 1618 can be easily pressed over the
interconnects 1610, above, and around the integrated circuit 1602 and the
leads 1606, and then cured to harden the conformable material 1618.

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

co nforma@lletﬁp%?fﬂﬁér}@%ahér ﬂ%&@ﬁf@é%@@'@smatﬁéi@éa@lgoiﬁ Iﬁbf?i‘é”anoﬁwer
parti éé/ergggp éilatm% thefhalfl%gheqlgﬁ)rtloq 612 of thel N [t has
bed Hicovered AP the E8fformable mﬁ etial 1618 scﬁneﬁtﬁ tOt Et‘haétrlrvr‘faﬂ
condfceivbedigdeietribeirrate AR Wﬁlelefemﬂ??&b]lélﬂﬁféﬂam@l‘&@an be made

of a B-stage makenisddhad caiwbenhasgdengraftescysitignand melmaiﬁaaippar
Pfegr%‘é‘ %6@#%‘?&%?51506 Hhe 19%‘“‘%6@%? smaelalheA3 sheuld PE gide

about 100C while encapsulating the integrated circuit 1602 before curlng

Th&lisedsityvithe W%@fﬁaﬁ}fﬁt%i?ﬁqa@ 19&%n a range of 10Pa to
2000Pa. Rohtasiktilk fimtheveh eewiciscoVieckidghdat thede | asiic innedbitubatifdiaeed

COBB%H@B'Q méﬁ%&!ﬂ:‘ NIGNESS P@EQHQ&%&&%B#@&%&QHM% legs 1RaR 1506
300MPa, an ﬁ LﬂJ%b% eater than BOOOMPa after unngS 1506 aps re
er

sho adbf)lper?e?ab e a difference about %%%e%or‘emanT arter curing. THe be
ela%tklsgfﬁbldmms@mrlmlﬁs@\ﬂ fornals temrdratiiieliierdasespetbieand after
curing. Absugstheisomiormalblarmatersad Ja@a&;aamgdbﬁﬁbéeliaygrt%zzegrated
attg‘? ?tsl ?%%tlffg ﬂlerh-‘-:]agz%& tg% ggnrt]f?mnﬁl rgaten% el@?é 1@"}6 conform!al)?esr}lffgna?r

4 may be made of organic, metal, ceramic or other material, which is stiff

en ﬁ@t‘]‘i‘é%&?é’g‘é’%ﬂﬁﬁ ASHS UG RS RS PrATEhAY S818 HTits uncured
or viscouStstefi@e \hencthtsiffenenaleay is ade byethestinaposetectricathe

congduetivemataialyivean funcinnirs eaksinkQraleeramagnels 1506, and
interference shleldlrL% I%Xf%r ble Referrlng now to FIG. 17, therein is shown a

then cure, rden t aterial f%
crosS SEEShAT ViAW oA iR ntegrate d'dred package system 1700 in a tenth
embodimEst lofth&Sprese e itiveritiphactiegiate i eireuit preRagrPLyste
170Qys, sho\wat mauiﬁ@ﬁmdmgg&etﬁﬁmﬁguﬁew%hsmheﬁoanwiﬂeqlaaeﬁlm slig
ith BN AGEVE SIS AL 151190 (NS RETIRNGY Al NG iedIRIRc ATl 4008,
are leads 1706 having an upper surface 1708. The upper surface 1708 of the
leafSiP7 06! A BBIfAETted to the active side 1704 of the integrated circuit
1702 withtihtetgomnigctsected] G uish casfiyontlsvirgstial Hé 11 alls!ll 1361 ahershibwn
haymgualb@ma&neqreeﬁ;@n el AlPRGRIGRRA 4175 Bf thedeansel Q0B stagd ©
facilitate cl(l)nnectle}rg e g%nteql cwcwﬁ board the lea dsﬁhave g;éylf%nal

intaF S S S e P L Y SIS AN S AR A 18 m 6Pthe
leads 1706¢ Thefdepapde 1706 1phdy eshreldhatebbwit PN Philaseseripipting the

combiationiofithan. vEheeleads. 1 TRGvalsnigaiT e @Hanget insingle 08 may

mq:)thI!ea {‘%N efgfr @tﬁot ad&%g hltrﬂalflsltslpllﬁuﬁg lgeglﬁ ﬁ Vergd(?hgt the elastic modulus
Enca%etu atlng the mterconnects 1710 an artla 3{ ncapsulatin h

int@hrasertreaia e ah P i iEses 7o 63 %aﬁe?: frRakste W?&?é?@fﬂi"’?f%d
The donfbbmablernhateiedNIP4 8thasudnfow viscosity and, as temperature

increasessthe s\ﬁﬁﬁ@%ﬁé’f&% I gifferent DEFEIPIOXIBEGR ’lﬁ?i”&i‘ép@ﬁﬁgteﬂ?é
ressed over the mterconnect% ]E710 g\bfove and argund

1718 can be easil
e e S e L e B LT B3 R
cofffoearasieabieamatiaph 118, 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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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
copductive.dielpcthigmateral 1ﬂlﬂs%ﬂf@ﬁm%amﬁéﬁﬁéaﬁ&&éﬁv@%mgﬁ
of a B- stI ge materl%ll trll(at can be hargen?dfafter curin %%ld can maintain a
pre SR AR IR RS ST Clectr oAl ISHBIFHaTS ecerrslé endl 1718 should be
about 108€faihitenevicabialdfingeha intdgnate dreirolitiero 2 befolencaldagted
Theviscasityeobihercobimalle: ssenakbd 61 hopaydaeiiReadan gohkRado

2099 o LRAR %"lefﬁ{"i%% hegndiseoverad hat g %‘%ﬁt ClBBQdHcHSaSOE -

con formable material 1718 before curing ( B stage ) should be less than
3084 dintith Ehasting HeedR9%ter than 3000MPa after curing. There

should prefietabbyripbesy différe hoezaled uirt @X 116620 pee devd safté) dusing . al hgper

e'%%ﬁiﬁd@@ébémfrl%@ﬁ)wg alsadrepastenreraidm ncreasesPaiane and.afier
”(9 At,l:i1 ve the conform%& aterial 1718 8t|ff%ne[) 1724 is mounted.
2. ma as

The Stift enernieigﬁaie(rincémbe %FC%IHFCCtSm ceramlc Of'Sther material,
which is Jiiff @%@Wﬁoa&c@l@@m é@mlpﬂ)ﬂ f@}fm@%mﬂﬁpmlﬁ&n’@ak@riahel?mqn

its dupatl edoarovigrodsistades. Winenihe sifenerlidddiswaassoly thetgnalios
e'efé{ﬁa'b%ﬁng‘{%ﬁdé’ > Anatsial,d o‘%%l“ fupese d%or%%ﬁ‘ﬁé hk or electromagnetic

interference shielding layer. Rert eréee%now to FIG. 18, therein is shown a
flow char?%#%%?eﬁﬁlifsmg?&“ﬂﬁlaﬂﬁf it aie ity haliedcbrtaniickae
system thOGidf FlG aiddirhanpeen botiim ésisofftthe lonesesiivinVenteods HHE system

189{3-915@&%%mpvidmgoamlmqgsﬁ{ﬁg@&q%n EhbIOgK 16302isNAHBLRGA-lead
on the e”PQSﬂy f the integrated cwcuit in ?evelcgc 18 d&onnectlng the

f f0 may ;
intSh VAR CITEUIP T e TRRT AR AR TSR I EE O In & K13 K 1806; and forming

a confornfastiesabteridl bytpeenaiely tivéOcarfonmiable sntapetiaingntihantegrated
integratadireuithdéhedeashcand thersrterto meshinaAH|ask L3QBmable hhasi

be?&é’&?%%\fg&e\gséhé&%d s‘%él%ii'erérh‘{?r}}é?e@s%hL‘tﬁehf'f‘s%o%%%{ O @spects. As

conventional molding process Is replaced %/ Isolative Iayer attaching and

curing, mattREturiiy E‘Ei’sff"if%ﬁkflf)el?étﬂh%eé I tefthsPef ibtereyede tisie Mess
equipmentinvegimentcand simplethpiocess:d ciknoth@Raspeist isdsilgndsdre

patiall.rmbeddeddn andsalativadavar. gigre wetting area is exposed during
board Iev$lea]ttad% {ge tar‘)d board IeveI reliability can e| roved. Yet

another aspectis 18AdE-1s40 siveF AliGFAHORCan bsélcprevenlile%ﬁ trapzaidly,
angtiisy alspiet ratgaad rmdrerl@@m%mdeféeers@mh ﬂher@liéomhlhemi@aﬁldﬁlfﬂ
menhanisakseflashaprocess foi nldflash remanal dkampsexiesnak /@S ctched
esBeg lly, ﬁro'ﬂHItl -raw configuration that encountered mold flash on lead
during manufacturing. These and other valuable asgqycts of the present

invention'cBsRG Bt fifthbr s seaterBriifentaehtdiogy ty et keadt et

levelnductive 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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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 processes and configurations are
straightforward, cost-effective, uncomplicated, highly versatile, accurate,

sensitiverand gifeatlyei AR G Q@fﬂ&%ﬂ&%%ﬂl%}b%@%%@%@%ﬁhg The

comg)onent for ready, efficient, and economical ma ufac cturing, a Ilcgjlon
SH‘, (i ulus s all ﬂro as te er ure 1 creases befor: tef” cur n Qve
utilization nventl een escCrl e In conju thI’] with

a %@@ﬁﬁ%@%‘tlm@é{éﬁlfﬂ il8: e @ﬁi@f@r\@té@drthé%mmh%lt@m&ﬁw§624 to the
madiicatidnsnasthvesiations will be apparent to those skilled in the art in light

of the aforgaqing desciRton,.ALGRIF Nl L s itended 19 gb %?%ﬁ"vﬁl”&h

alternatives, modifications, and variations that fall within the scope of the

includdd ﬁ%?ﬁl?sFOAElFtrﬁéﬁe%@Pﬁfhé‘i‘Edf’Gréog@f‘fHHﬁ RBIEIA dP Ehais ikngyesd or
aceonopanytinghdravhin gstnerttobeisnbedp etedrimibor diustiatived@rdve material,
NoR-liMiRG SENSRat VVRAL Qe%%@ﬁ’e&'inleﬂ%&d@@lgéﬁﬁﬁg 1%““ package

system c r13| %ln ap integrated cwcwt maou aﬁln ad on the
periphery 0 ﬁ"{%}e St egra%é c%rtu co%nﬁéc 0essl'n (Cet_éjor% (? Sirei 8 88 Fad

WithiT el iPAEKAZO RYFEE: 1f6}9nm@tql@mﬁfbjﬂﬁmg)ﬁﬁ%ﬁ@rwrbwp?@wnahmtegrawd
confRtmakirpaateiial orothe itegrates cueuit-gthe-teatuanddheuintasconrnect;

bonded die with an active side 1704.

On the periphery of the integrated circuit 1702, are leads 1706 having an upper
surface 1708. The upper surface 1708 of the leads 1706 are connected to the active side
1704 of the integrated circuit 1702 with interconnects 1710 such as bond wires. The leads
1706 are shown having a half-etched portion 1712 along sides 1714 of the leads 1706.

To facilitate connection to a printed circuit board the leads have external
interconnects 1717 such as solder balls attached to a bottom 1716 of the leads 1706. The
leads 1706 may be pre-plated with Ni, Pt, Au or any combination of them. The leads 1706
also can be arranged in single or multiple row formats to match multiple levels of stacked
die.

Encapsulating the interconnects 1710 and partially encapsulating the integrated
circuit 1702 and the leads 1706, is a conformable material 1718. The conformable material
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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attaching a stiffener to a buffer layer with an adhesive layer; and attaching
the buffer layer to the conformable material. 2. The system as claimed in
claim 1 further comprising: attaching a stiffener to the conformable material.
3. The system as claimed in claim 1 further comprising: attaching a stiffener
to the conformable material with an adhesive layer. 4. The system as

claimed imgelaied-fupiber£QMPHERIhRitRcRING @ 535@%5’@@9%%9{ qgtﬂ%on
to the con ormatbg Er??] |aI and hﬂyl thet rﬂﬁusm (iﬁ] tatt:t W

intaGFatSH GircUe /87 THESTEIEA adScIRimay Th BRSR R ee‘?%%rhanprusun‘élay
maGntingage Qﬁiﬁﬁ%a‘?e?@(@?éuﬁ tesatdidupher Previtigeaypratfibacthe dlpoetionlules

Ther sistenfoasblaimed dniclaimidwhengine Mauntingla teadsincluges Moy miag

the half-etet gr%%?[ﬁ%@é’d@ﬁgaaaﬁeg?u?”d bottom of the lead, along a side and
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The stiffener 1724 may be made of organic, metal, ceramic or other material, which
is stiff enough to act as a support for the conformable material 1718 in its uncured or
viscous state. When the stiffener 1724 is made by thermal or electrical conductive material,
it can function as heat sink or electromagnetic interference shielding layer.

Referring now to FIG. 18, therein is shown a flow chart of a system 1800 for
manufacturing the integrated circuit package system 100 of FIG. 1 in an embodiment of the
present invention. The system 1800 includes providing an integrated circuit in a block
1802; mounting a lead on 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 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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9. An integrated circuit package system comprising: an integrated circuit; a
lead mounted on the periphery of the integrated circuit; an interconnect
connecting the integrated circuit to the lead; a conformable material pressed
on the integrated circuit, the lead, and the interconnect; a stiffener attached to
a buffer layer with an adhesive layer; and wherein: the buffer layer is

attgehed-lodne canfarmaniemalerialiodThe susem aslaimedio him.
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claim 9 fuvthRrieOmpHSHAGas been described in conjunction with a specific best mode, it
y P
is to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations that fall within the scope of the

included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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a stiffener having a protrusion attached to the conformable material and
having the protrusion in contact with the integrated circuit. 13. The system as
claimed in claim 9 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. 14. The system as claimed in claim 13
further cogRpkising; Adisspad having a half-etched portion mounted to the
integrated circuit. 15. The system as claimed in claim 13 wherein: the
half-etched portianisdarmaedcalongkagsidetanchbhpitan: of the lead, along a

side and MB%&?%“%%&&H@&EW’ or a combination thereof. 16. The system
as claimed in claim 13 Turther comprising: an external interconnect mounted

to the lead8o T erHerSYRIBAPER IR Mlr i Eaie £5HiFther comprising: a
conductivenmencohnettrdemectingetihedlpatl doitirecstiffener.

forming a conformable material by pressing the conformable material on the
integrated circuit, the lead, and the interconnect;
attaching a stiffener to a buffer layer with an adhesive layer; and

attaching the buffer layer to the conformable material.

2. The system as claimed in claim 1 further comprising:

attaching a stiffener to the conformable material.

3. The system as claimed in claim 1 further comprising:

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

4. The system as claimed in claim 1 further comprising:
attaching a stiffener having a protrusion to the conformable material and having the

protrusion in contact with the integrated circuit.

5. The system as claimed in claim 1 further comprising:

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

6. The system as claimed in claim 1 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.

7. The system as claimed in claim 1 further comprising:

mounting an external interconnect to the lead.

8. The system as claimed in claim 1 further comprising:

connecting the lead to the stiffener with a conductive interconnection.

9. An integrated circuit package system comprising:
an integrated circuit;
a lead mounted on the periphery of the integrated circuit;

an interconnect connecting the integrated circuit to the lead;
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a conformable material pressed on the integrated circuit, the lead, and the
interconnect;

a stiffener attached to a buffer layer with an adhesive layer; and

wherein:

the buffer layer is attached to the conformable material.

10. The system as claimed in claim 9 further comprising:

a stiffener attached to the conformable material.

11. The system as claimed in claim 9 further comprising:

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

12. The system as claimed in claim 9 further comprising:
a stiffener having a protrusion attached to the conformable material and having the

protrusion in contact with the integrated circuit.

13. The system as claimed in claim 9 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.

14. The system as claimed in claim 13 further comprising:

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

15. The system as claimed in claim 13 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.

16. The system as claimed in claim 13 further comprising:

an external interconnect mounted to the lead.

17. The system as claimed in claim 13 further comprising:

a conductive interconnection connecting the lead to the stiffener.
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