DROP-MOLD CONFORMABLE MATERIAL AS AN ENCAPSULATION FOR AN INTEGRATED CIRCUIT
PACKAGE SYSTEM AND METHOD FOR MANUFACTURING THEREOF 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, and PDAs, are
an integral facBROPSIENDIIGFONRORMARBICE MIADIR DA .JeY i6dSHEN0ABSDISANEON H@Rasyest potential
market opportunities for next generation packaging. These devices have unique attributes that have
significant impacts oAYAEGRACTFIh CTREYIAIBA GKAGE he§THM AR MEFHOBARAR lightweight, and rich
in functionality and they must be produced in high volumes at relatively low cost. As an extension of
the semiconductor industry, the electr8fESHakAJiRI N e JdRIEQK itnessed 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 ngxgaarfaligfglgstronics insertion strategies outlined in road
maps for development of next generation products. Future electronic systems may be more intelligent,

have higher density, pisejesspaweliOPeaie athighs spastkaad maysasiussrspsrdiecinelogy devices
and assembly structures at. lower cost than today. Current packaging suppliers are struggling to
ccommodats SUCHIGH SoAR BT HL LA BT ot SR NG TorAPHE his) i the
near future. Tdewurrent technologies, materials, equipment, and structures offer challenges to the basic
assembly of these new devices while still not adequately addressing cooling and reliability concerns.

BACKGROUND ART

The rapidly growing portable electronics market, e.g. cellular phones, laptop
computers, and PDAs, are an integral facet of modern life. The multitude of portable devices
represents one of the largest potential market opportunities for next generation packaging.
These devices have unique attributes that have significant impacts on manufacturing
integration, in that they must be generally small, lightweight, and rich in functionality and

they must be produced in high volumes at relatively low cost.

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.



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 factorSuv#iichaekegiire wardieratensiriazteg to wchieveditedsthislesiedd cPmesiichallenges

demand not Qply-auigmationefdnanwasiuindRutaiag.the @rigmatien Qb dataflowmmad ipfarmation to the
production manager and customer. There have been many a;\aproaches to addressing the advanced

packaging relfSIFEHSHS SRS pFOLRILSYs Mbspurtatse Alstiimbickewmits Srbadsivegriétions of
semiconductdisseManyiénidastmite adlinnapsibpise:id aaditedre godicaning agisabiinyeetcéha.current
semiconductor capaRility and the available suppqrting electronic packaging technologies. The limitations
and Isaues with e S R B L e, seconal
level assemblpeehialsiit) stredsers enstl effsetive towbnplege packeryebsystédantidigdive Bevprdrisrate more

components with,¥asird RUIrORRENRHBLESSINERIESIHE IRAHS e iReRRRlpAlcal.eRygIgpe becomes
increasingly challenging. More significantly, with the ever-increasing complexity, the potential risk of error
increases gréRRPHHIRE MR Or 1 4R AffeRPLIHRCERRSPIN ing commercial competitive
pressures, along witiAgrowiagcansunaar axpe atatidis ren dldébeodimipshingngppoftnities, fartmeaningful
product differentiationn. the markeiplace, it s gitical that answers be.found forthese prablems.
Additionally, the heed to reduce ’cosfs, re((]juuce protauc?lon time, improve effic ncied and per?ormance, and

meet competifivBopess sleraanddels ey erspnigitean e ungerfegttonkeberitidsl Hecatsingtion fiddlag answers to

these problemsy, and ihshARERIHERADSHY ShAler fpetRtisand more robust packages and methods
for manufacture. Solutions to these problems have been long sought but prior developments have not

taught or suggested aR§FSol@iBNESSAd ALY, YSNRIGAS td théddpribie i habesRY ditfdéditBose skilled in
the art. DISCleQieirdnt© bof TinicriNENLDIOBhd  porkitgepetsehinyeritioRyerevites @iraathnd e

manufacturing an integrated circuit.package system including: providing.an integrated circyijt; mounting a
ead on the pEILFO Ch e LA alR Lo D SRS D S e ek i
interconnect;candnforsaingadmtdorreaohalityatenibl thy presdihly themonfoenalsikiramate patikngitize integrated

circuit, the legdyanddRe INRAANERNs and [RGRGHENLIAYENILRBIGMIdES AU HRIEALRE clgyit package

system including: an int(?%grated circuit; a lead mounted on the periphery of the integrated circuit; an

interconnect ESTnERthgdREsAtdEmad Wrs Uit tah i Y bers B b e lrhdin st th At ef bressed on the
integrated circuit, theeanksanghtikesthtergemnnasihlve tdCafdatpoeimbadinnaishties inviegntiardiave other

aspects in add|t|o(r)1n%cl)eg{ainn§éﬁgetof thosergnt%ntlo qﬁfzg%\)/e The f\gg\gqts eV\%II become agsqarfent to those

skilled in the &rt from a rea ing’ o?eﬂ%efgg’ﬁowmguﬁeta (le]glcor%pl) fon WheR taken with referefice to the

accompanyinddiengings. BRIEFDESCRIPTIO O THEBRIAYWNGS:Xity, the potential risk of

error increases greatly during manufacture.

In view of the ever-increasing commercial competitive pressures, along with
growing consumer expectations and the diminishing opportunities for meaningful product
differentiation in the marketplace, it is critical that answers be found for these problems.
Additionally, the need to reduce costs, reduce production time, improve efficiencies and
performance, and meet competitive pressures, adds an even greater urgency to the critical
necessity for finding answers to these problems.

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.



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 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 integPdtéd-OIPt{IREQEKEYE BYSEW6IEIG. 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 mar\§r&eesrat invensgy, royie thitgifed dosirmant Ftiinge ) SEHBFE YN a post

singulation phase@f snasufatiumid:Ifsoddma arasegecdanrliemoalong hrdinendhd wripheryl; FIG.

9 is a cross- sefc onal view of an.inte rated ¢ rcun ackgge S sterﬁl [ sec ond. embodlment f the present
rated circuit; comnnect 1 e mntegrate 1rcult tqQ the an 1nterc nnect:
invention; Fiea SToedsaiShalSiew BF EA integrate circai pac age sys emin 4 third

embodiment E@frmggomsemﬁonm@mgnaterlal PBIGprtdsisga tbeossafuotithalnviewiaf @n tmeigtegededircuit
package systgfguii@, ﬂlé%ﬂ,‘ Shkedimepfthe present invention;

The present invention provides an integrated circuit package system including: an
integrated circuit; a lead mounted on the periphery of the integrated circuit; an interconnect
connecting the integrated circuit to the lead; and a conformable material pressed on the
integrated circuit, the lead, and the interconnect.

Certain embodiments of the invention have other aspects in addition to or in place 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 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. 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 circditpatkagersystentitnahnieightemisediree arofitiagsrasstistimentiogeond FIG. 16 is

a cross-sectigRab¥ignebamdpeaatad Sitrt 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 pFéSeh? iSveRiRsHseignal VBl 8 G YA HEH bPA R RGSH TR ManiiEtiuring the
integrated cireutiqdaakage syspesvendikl&ntibin an embodiment of the present invention. BEST MODE FOR
CARRYING OUT TI—E%I'\II\{ENTION ;I)'Qﬁ: 39”0\/0\%% ?nngﬁag%gﬂents. 9f§cﬂesecg'b?d in sup‘m}%nt detail to

. 1S a Cross-secti c .Circu Ste naio
enable those skilled in the art to make and use Fﬁe |nvent|§ tisto bé) unders ooglthat other

embodimentswendunget eViie ntdserfddventidic present disclosure, and that system, process, or mechanical

changes may be maggivithout deRartiRg MM e SCapsRithe PreRant JRMeBEQ)sem i thgfollowing
description, numerous specific details are given to provide a thorough understanding of the invention.

However, it Wil BRIap AR RETSHL INFIHABN may be practiced without these specific details. In order to

avoid obscuring the pieseatiinyventiionccaosme well-lknawinaipeuis  csiysie praortigysaions aandhprocess

steps are not digclpsed in.detail, . Likewise, the drawings showing embodiments of the system are
em én %% f:

. 1M resent ivention; . . . .
seml-dlagramma?lc an Pscale anf‘iI,1 particularly, some of the dimensions are for the clarity of
presentation 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 is a flow chart of a system for manufacturing the integrated circuit package

system of FIG. 1 in an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The following embodiments are described in sufficient detail to enable those skilled
in the art to make and use the invention. It is to be understood that other embodiments would
be evident based on the present disclosure, and that system, process, or mechanical changes
may be made without departing from the scope of the present invention.

In the following description, numerous specific details are given to provide a
thorough understanding of the invention. However, it will be apparent that the invention may
be practiced without these specific details. In order to avoid obscuring the present invention,
some well-known circuits, system configurations, and process steps are not disclosed in
detail.

Likewise, the drawings showing embodiments of the system are semi-diagrammatic

and not to scale and, particularly, some of the dimensions are for the clarity of presentation
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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" ashdiged hevairgisadefirescasiadbiaree shpalies tolithe dlameame supfiees gfensdatagrted circuit,

regardless ofjs &lfzi%mgtiﬁl@isﬂ%er&@ﬂ@ eiticahdeferelaa direchion asiarndiclaci the.padgontal as just
defined. Terms, such as "above", "below", "bottom", "top", "side" (as in "sidewall"), "higher", "lower",
"upper", "ovelPrSEHBPTER: SRR &L AL B AHE ROASSHRLNSISHR RIE%tHY ¥hatheans that
there is directmtantatiosimang gleheesiignificandehe pesmidgpliadessingfoatepeddniersiantiaiudes deposition of
material or photoresigy, paflerning, exposuTe, development, piching, leaning. gadiqrtemayal of the
material or photoresist as Pequw in f%rmlng a described structure. The term "system” a5 Used herein

refers to and perakdiriechaskine pretibdearidhasniseraipparatis whidgsredaitariveiation ikhedeordance with

the context in-yhieh therlaIm ISd#selon perfREIRHIRSOM HRHAGHal otNELEIR S SN OYWRLR hltpm plan view of
an integrated circuit package %%Reﬁr% ”1(570 in a first embodiment of the present invention. The integrated
h

circuit packag@b8y&tenPd6Y is aliRg antiffite fFai8d BfeuRL 2. highesn I8 Jeriph®sf of the
integrated circuit’02ndradeadsatOdefirtialiy esxpapsil ainhoieinie praie d Tecuinl Ozhamneihe leads 104

iIsa conforma%gé?tmget(?sngllrélc(gg. Htac Referrlqgnnoyv to FIG. 2, therein is shown a cross-sectional view of the

integrated circuit package system D0 tEken aT(I)lnSg line 2--2 of FIG. 1. The integrated circuit package
system 100 is shownldtrethe pesersinad ireied hoRisunkiwlsadannsibonobaaieifavinhoimeattive side 204.

On the pefiIOfb%fﬁé&fﬁf?,eéi?fﬁﬁgfﬂeﬁ’e‘&iﬂ%'{héﬁ?’eE%dgﬁgﬁé%ﬁrﬁ%PW&MMin&%euH{%?Jrﬁy_r&@‘:? 208. T_he
upper surface 208 of the leads 104 are connected to the active side 204 of the integrated circuit 102 with

interconnect2A0 &t segBiRE i deming ardesalhad SowHie shbwsAavitgehar-Biehaag8rtion 212
below the uppgesudaael 2081afiibe leatls hMdhotihenteadshkOdpphienfunthetishpwseexposadoalang a side 214

and a bottom 2(5[6rd 2providg;q more area eﬁp%ilﬁg for wettig(p during board level attachment and board level

reliability canaﬁeolmﬂ%\yvé : e CQInﬁeé(ﬁea ST mt%/ e lf)sre-'plated with Ni, Pt, Au or any combination of

them. The leads 104Rsfsorzembe wrfdagédlinrsimglshomm albipiemavieforimeits! ton nnstetatadudiiplet levels of
stacked die. pack?g@‘%}@é&ﬂafmiﬁ‘ﬁ HHETGRPBRISH2 4P AP Rartialy ERcAPSHIRtnG thednigarated circuit

102 and the leads 104, is the conformable material 106. The conformable material 106 has a low viscosity
and, as templtelidge SHerEREULIS ROV AYR gRtatrsinkd circuird@eefore, the conformable material 106 can
be easily pressed oventine prigieannecis tiléyrabovacandoarowniddne lintegrated chatipslQliand the leads

104, ana thet (e::lillg e%r%(%egaéligc%ri]t tl%% gl:l(‘:l) Iﬁ)e”i%g slel(m%%nc%k (91611'ab1e material 106.

Referring now to FIG. 2, therein is shown a cross-sectional view of the integrated
circuit package system 100 taken along line 2--2 of FIG. 1. The integrated circuit package
system 100 is shown with the integrated circuit 102 such as a wire-bonded die having an
active side 204.

On the periphery of the integrated circuit 102, the leads 104 are shown having an
upper surface 208. The upper surface 208 of the leads 104 are connected to the active side
204 of the integrated circuit 102 with interconnects 210 such as bond wires.

The leads 104 are shown having a half-etched portion 212 below the upper surface
208 of the leads 104. The leads 104 are further shown exposed along a side 214 and a bottom
216, providing more area exposed for wetting during board level attachment and board level

reliability can be improved.



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. It has been
discovered that the conformable material 106 should be a thermally conductive dielectric material. The
conformable materialh@8edinl Bé maydkee ofaBasthgethiiteialthar eay tenhardmeef diear cilibing. The

conformable material 406 shosdbsabet SAACHhilaEACARS WRling BeiNGoRIRRIETEH1Q2 before

curing. The viscosity of the conformable material 106 may be in a range of 10Pa to 2000Pa. It has still
further been §R&59lE that the elastic modulus of the conformable material 106 before curing (B-stage)
should be less than ¥oiRagtandtt shetdchhe gredtandhani3Dpeniawdtarcateingegratedldigigtshould

preferably be a difference about 10X before and after curing. The elastic modulus s also drop as
tomperature A e R S e B I R ayer 220 i
mounted.  loFhasperfferardas ZpRsaigedrcesrhbnskre sty gits tuedficient of thermal expansion

mismatch between the sopfermakis material 16 AndeR athesive axer22 attachrd @hqyadhe buffer

layer 220. It is preferable that the buffer layer 220 is made of an insulation material. The adhesive
layer 222 mag'BeBpiicdd 5 ourt b uaaaHe dsui b HR A theblsady 185ermoberr s durdridsRr 220, the

adhesive laydicZdafandtharstiffenan24 are preferably thermally conductive to shed excess heat

generated by the opqralion,pf e nieqraled AUt 102, . Thestfsner 324 mav e madeof organic
metal, ceramic or other material, which'is Stift eﬁoug foactas a Support for the contormable material 106
in its uncuredlmpeistoubastetbances ygmithaé lotikiaaaff2oUvighibel eobfothehisahatcsiddfcallbonductive

material, it can, fHRGHBR 3R.neAl ﬁ@ﬁ‘i@rsﬁé%ﬁir&ﬂ}a%ﬁgﬁﬁQ@Jﬂﬁ&%ﬁéﬁ'ﬂi@lﬁiﬁgt@%@r Jigstifener 224
is cured.

may also be removed at any time after the conformable material 1 eferring now to FIG.
3 is the integf’ét‘é‘ﬂ lfﬁ%ﬁ%ackage system 100 of FIG. 2 in a post lead providing phase of manufacture.
The integrated circuittpiaskage syisteverdd@his showshhawingdheatstegratedkiidditbi 02 @aehthl leads 104
mounted atop, & provisional GhIP Garties S0, .o EReRTOUISIOnal GIP carier 307 can,bg g dummy silicon
wafer, metal foil, ?ape or any khown forim o ?emporary chip carrier. The prowsmna?chlp carrier 302 may
be set on a contesiplgbitt 8@1be hardphedgdigveyrivglt 304 can transport the integrated circuit package system

100 to various phasef,f mRARMIABIE Gaterial 106 should be about 100°C 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 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 106, a buffer layer 220 is mounted.

The buffer layer 220 is used to compensate for the coefficient of thermal expansion
mismatch between the conformable material 106 and an adhesive layer 222 attached above
the buffer layer 220. It is preferable that the buffer layer 220 is made of an insulation
material.

The adhesive layer 222 may be applied to secure a stiffener 224 above the buffer
layer 220. The buffer layer 220, the adhesive layer 222, and the stiffener 224 are preferably
thermally conductive to shed excess heat generated by the operation of the integrated circuit

102.



Referring now to FIG. 4 is the integrated circuit package system 100 of FIG. 2 in a wire-bonding phase of
manufacture. The integrated circuit package system 100 is shown having the active side 204 of the

integrated circuit 102 connected to the leads 104 with the interconnects 210. Referring now to FIG. 5
is the integrated circuit package system 100 of FIG. 2 in a drop conformable material-attaching phase of

manufacture. The intEegatéterdrciit pruokgaadystbamean. inghbeaianzvingother soritoahabichiaterial 106
with the buffegiiayebedPdheradhesiyedaver 422 skt istiffengni2ast all attagbed phovedhg conformable

material 106 and being pressed over the integrated circuit 102 and the leads 104. Referring now to
FIG. 6 is the f‘fﬂ@grated circuit package system 100 of FIG. 2 in a curing phase of manufacture. The
integrated circuit package systeffedOQ B! shawdehtavingihie eocitermablematevianldaibeingaured by
radiation 602546t a%s'?{gil “%%19&“&5%%%%!?I{eaf?é?ht{t% erence s I&%‘%lﬁ‘%t F'%%A%JE’&'%S}V?“E" cireult
package system 136 . 2'in a post sm%u ation phase ot manufacture. The integrated circuit package

system 100 iglshbovishendA gty corfefierdbieconinarialle 06 curdd 08ingulated and only partially

encapsulating the_hql{é BRI oRT&L3 of fhe; §té]fpércuit pRIRER @%éﬁ@m aid %incg phase can
replace a conventional molding process, the manutacturing cost can be reduced in terms of simpler

process and Pagutad Provdie b, AsmapuiintiiessTbguirsanednvaStih antkasy o4 eitton can be
achieved. shbwicaamgnoldicempednidiaiusen dhene isnis chemicalied mechaiisasideilagtipprocess for
mold flash re@%}’&'; m external 1/0s, 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 callisepueas aoaimpipverpen dbeweinpbeshdrameydlisainvefamndoptihitpikz salseohuman error

factor. Re{eiiRg RV IF k@nﬁyrﬁ?ﬂ%‘i‘ﬁ 2SheWR FIOSRISLEUANRL MY ong.link &c8,pLFIG. 1. The
integrated circuit package system 100 is shown having the lead 104 with two lengthwise sides 802 the
upper surfac8P08YAsY g%'bottom 216. The two lengthwise sides 802 have the half-etched portion 212
near the bottom 216 The cdihecosfostakie makepiat 106 mmdyrpadtiaityenpapsgatgsithe leaddl04 on the
upper surface 208 and Sjcéglrtfof th h?lf-etched portion 212 leaving the bottom 216 of the lead 104 exposed

a
from the conf‘éarrrlﬁ)gf)ﬁe}l%atgrirélla% g ure'Referring now to FIG. 9, therein is shown a cross-sectional view of

an integrated circuit Patkege systentBOG iy theevoadiedmbudimemekedethgsigred@ftanvEntidm The
integrated cirghil BaEka %ﬁé@%’iﬂn?QQlf§c§i}9\’"'Tﬁ@‘i’ﬁ'i@ﬁ&&”&%ﬁﬂt%%ﬁ{g@i%g%stb‘@ QS Rpwire-bonded

die with an active side 904. ~ On the periphery of the !nteogiated circuit 902, are leads 906 having an
upper surfacd®iRgE PREUPSeTLLHECaIdbS BiaHa tdde ¥bd BreesrTietiadts st K904 of the
integrated cirgistQ@3caish interconnects 910 such as bond wires.

Referring now to FIG. 5 is the integrated circuit package system 100 of FIG. 2 in a
drop conformable material-attaching phase of manufacture. The integrated circuit package
system 100 is shown having the conformable material 106 with the buffer layer 220, the
adhesive layer 222, and the stiffener 224 all attached above the conformable material 106 and
being pressed over the integrated circuit 102 and the leads 104.

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 manufacture. The integrated circuit package system 100 is shown
having the conformable material 106 cured, singulated and only partially encapsulating the

half-etched portion 212 of the leads 104.



The leads 906 are shown having a half-etched portion 912 below the upper surface 908 of the leads 906.
The leads 906 are further shown exposed along a side 914 and a bottom 916. The leads 906 may be
pre-plated with Ni, Pt, Au or any combination of them. The leads 906 also can be arranged in single or
multiple row formats to match multiple levels of stacked die. Encapsulating the interconnects 910 and
partially encapsulatifgi¢seainséiaehiegiasitcuii Q0phase-thadplaes D06 YR tosahigntablereaetertizd 918. The

conformable fﬁ%ﬁﬁ?fﬂé’th%g QRS A DY IRERAITY AR 8F ﬁ%&BE@ﬁ‘H&E@siM%ﬁ%dtﬁ%m ity ggts lower.
Therefore, the conformable material 918 can be easily pressed over the interconnects 910, above, and

around the irdegHfelf iFAYiPBSB AN et A8 Gobredhdithedtbrdas Hidrden the conformable material
918. The leads SGeaanmbhedanynpoapeianstdrosseseatienesich @sntcbianiosl, dedipdrpiocdssshape, etc,

that enhanceﬁorm%%lp(? 'gg}{ locking, effect w(ij£h thﬁﬁgnformabl«ﬁ mfatrerial §18. The onfqrmag?llae[ material

918 is shown encapsu atlngr%ﬁlé) él ~etchec e|c1;1<13art|on 5’1588?%ﬁeyle§dsn§18 10 a B%l}nl?%a-b(ignar with the

bottom 916 ofr¢raucield 9@, flash onheps!l Jeenpediswolestedniat the conformable material 918 should be a

thermally CO”dUCtiVes@iﬁ%’éiﬁléﬁ%ﬁﬁ&'fb‘?o@&@fﬁ’img}?smﬂﬁf@, A &haanr Q?séﬂ@i%ﬁs téhR:siage material
that can be hardened after curing and can maintain a predetermined thickness. he conformable

material 918 BhBtAd B HHEYR ROGEC e CALEH YTy S Ba s RIS B8 curing. The
viscosity of the conf@®etabiezmateriaFIl.8 meytdie i shaangecedsi QR $0.20Q0Pa otighas stilBfurther been

discovered t(l-)ﬁ th eﬁ}stic modulus. of the conformable terial 918 before curi 6%—5 should be
Nltl%af.an ¢ 1mte ral §CECII’CUIP a%ﬁ%:ns 8’8&:@?1 ﬁlown%avmg %C‘P‘ﬁaerargels Bvltlﬁg?\)]o

less than 30 it shéuld be greate a'after curing. preferably be a
difference ablsogthexbeidnedRdteiterpenindgacEnd @ listidmbritdusdiouldicalse draghystemiesrature

increases befgyeand AtENEUING ARAYE She copiRtpakie magerial 918, a buffer layer 920 is mounted.
The buffer layer 920 is used to compensate for the coefficient of thermal expansion mismatch between

the conformable mat&harenisranbamaarashi e resis MeErAa BissvBta bk Pryerepy. It is
preferable thafittaecr(ffesdayarcd20Hs nagdecatdpdisulationemaigriat bottorhh® adheisiviedayen 922 may be
applied to secure a sttiffqur 92 %)]/e th buff%éayer 920. The buffer layer 920, the adhesive layer 922,

ab
. 1 . .
and the stiffener 924 are pree?grrla(glri} grnnl]aa?lrf/aconductlve to shed excess heat generated by the operation

of the integrated circBitfo@Rg nowThebiffandesi imsyive merdesceoigamicjewethlacentagridast other
material, Whi%ﬁé&@i@ﬁ@%&ﬂéﬁ 36b A5 @sé@&%&%dﬁﬁ%ﬁ%fﬁ{ﬂf&'&mﬁ&%{%@ 180 aeyred or

viscous state. When the stiffener 924 is made by thermal or electrical conductive material, it can function

as heat sink SFetIdtERsRREHRMMEDriehraandhitiips g 1egrated circuit 902 such as a wire-bonded

die with an active side 904.

On the periphery of the integrated circuit 902, are leads 906 having an upper surface
908. The upper surface 908 of the leads 906 are connected to the active side 904 of the
integrated circuit 902 with interconnects 910 such as bond wires.

The leads 906 are shown having a half-etched portion 912 below the upper surface
908 of the leads 906. The leads 906 are further shown exposed along a side 914 and a bottom
916. The leads 906 may be pre-plated with Ni, Pt, Au or any combination of them. The
leads 906 also can be arranged in single or multiple row formats to match multiple levels of
stacked die.

Encapsulating the interconnects 910 and partially encapsulating the integrated circuit
902 and the leads 906, is a conformable material 918. The conformable material 918 has a
low viscosity and, as temperature increases, the viscosity gets lower.

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.



Referring now to FIG. 10, therein is shown a cross-sectional view of an integrated circuit package system
1000 in a third embodiment of the present invention. The integrated circuit package system 1000 is
shown having an integrated circuit 1002 such as a wire-bonded die. The integrated circuit 1002 is
mounted over a die pad 1003. The integrated circuit 1002 has an active side 1004. The integrated circuit
1002 is attached to tABedleapad000B hittiey dikapttach eighesioeonoes:h as Oshihe panpieedy lof the

integrated cirgyit1QQ2 nale-landsed QL HaNI RRiHPREE SUKiacthd Q0 IPRSESHIRAGe 10@8 of the
leads 1006 are connected to the active side 1004 of the integrated circuit 1002 with interconnects 1010

such as bond WG able mgicripl 48 i sHevY) SSABWR ARG hait s RYY Ybrtdn 189 #1840 the upper
surface 10080t theleadsl 400 6:ithheedietpado16038 is: adadsSlwewn having the half-etched portion 1012
below an upper surf 1013 of the die 3. The leads 1008.are further shown exposed along a
Side 1014 & pottom TOLS, By Shorts Sen Bt olS S B I e
pre-plated withndicPyeAliectisy maisibihatide epafemablanetads Pd8e-ansbecandsecarraRgéttin single or

multiple row fQrrats 4o mateh RkiRle lexelsahstaeked Aifinain [ERSRRSHIRDGHER-Eterconnects 1010

and the integrated circuit 1002 and partially encapsulating the leads 1006, is a conformable material
1018. The conformaBinTaRsomabin goAlsed] 3l eGP aABoYs ¥ nbertilfecnitersuesas ¥ viscosity
gets lower. integhesetoraithexastocmable. mmateviadok0y 8faaa doafeasilylpreased oventhebinierconnects

1010, above, and ar the i ated circuit 1002 and the leads and then ed to harden the
coniormanie e T O B e A e e
trapezoid, L skafremebde thaicenHlicesiarsechingicBioeRirngwiiébe ith tthe soMitPamabdeirnkeeldal 1018. The

conformable gpaterial #3418 ddEewireniRtially encapsulating the half-etched portion 1012 of the leads
1006. The conformable material 1018 is also shown only partially encapsulating the half-etched

portion 1012 of the dléBad0lS Preferibhialent dHiaisees aba thi the¥sntefnidtle ideridinfo18 should
be a thermallylcoinduativesdiglectritamirigrial ehiieraanéantiable brdtesialdLS cainpe Avade bt a B-stage
material that g&lr}ok%r% %ﬁ\er%leggeergaﬁét@: ¢ ﬂﬁgr%y% S rirgzraril%%itrel £ predetermined thickness.
The buffer layer 920 is used to compensate for the coefficient of thermal expansion
mismatch between the conformable material 918 and an adhesive layer 922 attached above
the buffer layer 920. It is preferable that the buffer layer 920 is made of an insulation
material.
The adhesive layer 922 may be applied to secure a stiffener 924 above the buffer
layer 920. The buffer layer 920, the adhesive layer 922, and the stiffener 924 are preferably
thermally conductive to shed excess heat generated by the operation of the integrated circuit
902.
The stiffener 924 may be made of organic, metal, ceramic or other material, which is
stiff enough to act as a support for the conformable material 918 in its uncured or viscous
state. When the stiffener 924 is made by thermal or electrical conductive material, it can
function as heat sink or electromagnetic interference shielding layer.
Referring now to FIG. 10, therein is shown a cross-sectional view of an integrated
circuit package system 1000 in a third embodiment of the present invention. The integrated

circuit package system 1000 is shown having an integrated circuit 1002 such as a wire-

bonded die.



The conformable material 1018 should be about 100C while encapsulating the integrated circuit 1002
before curing. The viscosity of the conformable material 1018 may be in a range of 10Pa to 2000Pa. It
has still further been discovered that the elastic modulus of the conformable material 1018 before curing
(B-stage) should be less than 300MPa, and it should be greater than 3000MPa after curing. There
should preferably beEhelifftagracd aibvout 10 beferentaddozssier digriv. 98 elBstiniemyaigilisissisuld also drop

as temperatugongrgasesRefoe anshafier ciungARAVEitheoeqiRrMakle MalgH.4qd83 & iiffener 1024
is mounted.  The stiffener 1024 may be made of organic, metal, ceramic or other material, which is
stiff enough tB 4&AH&R Ai5538F ¥ he conformable material 1018 in its uncured or viscous state. When
the stiffener 1024 is madiebyethpdemabd el acteigaledodictictivo0nades iddads CEMOGUNSOH as lygat Sink or
electromagnetic.interference shielding. la ferri w to FIG, 11, therein is sho
cross-sectondl Hou o S Bl of (RO B TS G I TR e present
invention. Thefieiptageticdirtistip 4elhgetsydesennnede 18 hwwhasdeibvareintegrated circuit 1102 such as

a wire-bonded dje. TheTEQd@tﬁﬂfétﬁ‘é GREWi Jh]aQ%éS Mﬂ%&}/ %Bﬁigﬁe Rﬁ@l%@% Tihe dpff;egrated circuit
1102 has an active side 1104. The integrated circuit 1102 is attached to the die pad 1103 with a die

attach adhesiWE@°eo)08 of §i¢ dradselifheny Bt die REJHES ARt harRRad Y sE R ing an
upper surfaced#ios 1 0 ebuepeisufaceutht810f the tkadi pad60ace connected to the active side 1104 of
the integrated circuit. 1102 with intercopnects 1110 such ond wires The lea 06 are shown
naving  haif-etched BErE 1D Sl T el SAPRRD 106 f e Cbad PG T A Cidiag 1103 i
also shown haviregptiieohgif-btdhetdhod rivAon1 A heldw lardsi pper masfhe@re g wé e Padu 103.

The leads 11&6&&%&&{%&%&1%%%90?@1@39@90@@@& Q&%q%@&}é@@i&%ﬂa@l@&@ﬁlﬁ%%ﬂ of the
half-etched portion 1112. The leads 1106 may be pre-plated with Ni, Pt, Au or any combination of them.

The leads 110680 ¢8R pR BHENGE i ShjReksdiSitiple row formats to match multiple levels of stacked
die. Encapsulatingdtiguntere ahn eatscdbadéd @nd thenateigr abe kel did-h02 60m parpatiagncapsulating
the leads 1106, is a,confo ma}gellgsnm&%rlal 111()%f(];rrh%bqonfo[m§rplle0[%?te[rh%l 101n (E)Sr hggl a low viscosity and,

entapsulating t 1S € ateri ater
as temperature increases, the viscosity gets Tower. Méretore, the conformable maténal 1118 can be

easily pressetPd¥aathdanteisonitieatd. b npdygves andarouhd theasitegettéaheircuit 1102 and the leads
1106, and then curedrfebardenthecapiprmablenmatarial dkl&an bel RasiRRrdSL10P cae-bgany shape

and cross-section, such as T shape, trapezoid, L shape, etc, that enhances mechanical locking effect with
the conformaBi& FREREFs IP_I}_@S.aW@’ and around the integrated circuit 1002 and the leads 1006, and

then cured to harden the conformable material 1018.

The leads 1006 can be any shape and cross-section, such as T shape, trapezoid, L
shape, etc, that enhances mechanical locking effect with the conformable material 1018. The
conformable material 1018 is shown only partially encapsulating the half-etched portion 1012
of the leads 1006.

The conformable material 1018 is also shown only partially encapsulating the half-
etched portion 1012 of the die pad 1003.

It has been discovered that the conformable material 1018 should be a thermally
conductive dielectric material. The conformable material 1018 can be made of a B-stage
material that can be hardened after curing and can maintain a predetermined thickness.

The conformable material 1018 should be about 100°C while encapsulating the
integrated circuit 1002 before curing. The viscosity of the conformable material 1018 may be
in a range of 10Pa to 2000Pa. It has still further been discovered that the elastic modulus of
the conformable material 1018 before curing (B-stage) should be less than 300MPa, and it
should be greater than 3000MPa after curing.
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conformable material 1118 is shown only partially encapsulating the half-etched portion 1112 of the leads
1106. The conformable material 1118 is also shown only partially encapsulating the half-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 hbetepudieecuing bhd differadateinua pr&dbeérminet ahtekaveisg. TheThe

conformable maiRriabdhi8 s difeahoH LAREwhsRRGIRIUAIPA BT aFAE dAHRMIInEL02 before

curing. The viscasity of the conformable material 1118 may be in a range of 10Pa to 2000Pa. It has still

further been GR0ERRRG Beab! Qs achsatH 9% HR WS idrmable material 1118 before curing (B-stage)
should be less than 3beMPEnanthitssmaylokheageadterdtni 00N amatter ctkinghaterial Twetehshould

preferably be a difference about 10X befor, d after curing. The ?ﬁ'cm dulus should also drop as
Formperatire IS A e ot R S e s
mounted.  stathe ¥Yifkenide biiffanand Bpistmpsiohyl heenglisichledrtabeorductizaveatidel 11 @4nof the

integrated Cirghit Joh02- nEResiifigneddRdoma he-madsolinraaniaafaetal, 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 BFH5ERRKLP 1S A rReSHS ASOWB AL SR SraNam HERt Ay HeHRIFL integrated
circuit and dissipatipg the: Rgatavaoa iatge suifaadoieant of (Reiessngnentiin Fihe 1Zeghecain is shown

a cross-sectignal view of an integr circpit package system 1%1 0 in a fifth embadiment of the present
venton. The LGP RS ST SRS A Rl R T 507 sch e
dual wire-borigadedidis. The integrated circuits 1202 are mounted over multiple die pads 1203. The

in_tegrated CifCUit_S 12% @ﬁt\é@r@t@ﬁ\é@r&lﬂeﬁég%mwﬁé@‘@&rﬂ&%ﬁ@ &Pi@o@s?%@ﬁﬁt@éﬁ%ﬁ%&%@he multiple
die pads 1203 with a die attach adhesive 1205. On the periphery of the integrated circuits 1202, are

leads 1206 halfRg&ippLrestitabi od8e Mikeiaidrisyitdd 82 adagheAddisdiads 208 ¥hnected to

the active sidesid 204 10hdhesitdagosted circuits 1202 with interconnects 1210 such as bond wires. The

active sides 1204 of the integrated circujts 1202 may also nnected t ultiple die pads 1203 with
the interconnects 12%. the &Fﬁg aosut ‘id%%e ré‘tg oc\}\%uﬁsl\ﬁng’e? eaﬁ??gtscﬁléggp%%wgg Tﬂlﬁl%élow the
upper surfaceu208 00thellbansptrosiathe Igiuitithe tiedpatied rROGanectiddoshewdtivravibyl i half-etched

portion 1212 helowan RS SHITA¢621¢ iR Hoen MLILRIa & RSP Rires.

The leads 1106 are shown having a half-etched portion 1112 below the upper
surface 1108 of the leads 1106. The die pad 1103 is also shown having the half-etched
portion 1112 below an upper surface 1113 of the die pad 1103.

The leads 1106 are further shown exposed along a side 1114, a bottom 1116, and
along part of the half-etched portion 1112. The leads 1106 may be pre-plated with Ni, Pt, Au
or any combination of them. The leads 1106 also can be arranged in single or multiple row
formats to match multiple levels of stacked die.

Encapsulating the interconnects 1110 and the integrated circuit 1102 and partially
encapsulating the leads 1106, is a conformable material 1118. The conformable material
1118 has a low viscosity and, as temperature increases, the viscosity gets lower.

Therefore, the conformable material 1118 can be easily pressed over the
interconnects 1110, above, and around the integrated circuit 1102 and the leads 1106, and
then cured to harden the conformable material 1118.

The leads 1106 can be any shape and cross-section, such as T shape, trapezoid, L

shape, etc, that enhances mechanical locking effect with the conformable material 1118. The
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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, Au or any combination of them.
The leads 1206 also can be arranged in single or multiple row formats to match multiple levels of stacked
die. Encapsulating the interconnects 1210 and the integrated circuits 1202 and partially
encapsulatingaeraalls mar6ald blédnfbanamr ywatsady arrgsuimgdifbphhaisieedaeival 1228 has a low
viscosity and,ag demperaddre increases, the viscosity gets lower. Therefore, the conformable material
1218 can be easily pressed over the interconnects 1210, above, and around the mtegrated circuits 1202

and the leads 1206, ai B98P E0EY BRI tRdscutofasbiRn AraHally sagpsulatipp dhehalk 1206 can be
any shape aricbeagoseatian suche alse bahayms, trapezoid, L shape, etc, that enhances mechanical

locking effect with th%%onfgrmacple ryeaiegl §aél 18 T e co orm§blgltrpﬁt§n I 11%1%5 %mwnlonly partially

encapsulating the h etcheanportlo Ye'leads he con ormable materla ¥1218 is also
shown only petidiiiiendapetitatingtiialnafhstchedpationmpgeralof the eayltiplardle phaPinas. It has

been discoveggehthatithe sonfermrhla maieriahi218 sharichbena theimaly cendictivg dielectric material.
The conformable material 1218 can be made of a B-stage material that can be hardened after curing and

can maintain a predetefniiiarmbleaaerial 131 hontdrhsaphethdtdhia Yoils ensuryBEgnBSt 100C while
encapsulatingntbedriegiratedl q:ﬂ@b&farz(}aﬂi@‘ormeurmgs@hﬁ mseesfbﬂﬂsfﬁtaemmfﬂrmablmmatenal 1218

may be in a range of 1 0 20 It.has s 1 rther bee discover at the elasti lus of the
conformable mé%erléf ]%3 Igbetzo%%(z%nglq sfage lEuou 8eBe ess tha g]\/lf’%ﬁgn s]hou d be greater
than 3000MPhcaftexfeuritty materfielrbl sl pretagalilysigea mffelrbh@ée@aothatl ﬁ@ﬂl\wéiop@@nd after

curing. The elgstig mg?g&@ ghaulsbalkip AR asfgmperature increases before and after curing. Above the
conformable mater 218, a stiffener 1224 is mounted. The stiffener 1224 may be made of organic,

metal, ceramic or otﬁg}eFﬁéll&‘l‘é‘i NRiCRYY Stre ARGt ARews! S h5HSr 18 tHEE SHEabé material
1218 in its urkwiedmsdisectsulstale Mdpen themifiarcnhd?24ddenadadayathevnah@r alesirical conductive
material, it cagtglép%tl er%ﬁipF §iané<ti%re &Ireﬂr?é{nsa%rg)ggt% C1nterference shielding layer.

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
drawing heat away from the integrated circuit and dissipating the heat over a large surface
area.

Referring now to FIG. 12, therein is shown a cross-sectional view of an integrated
circuit package system 1200 in a fifth embodiment of the present invention. The integrated
circuit package system 1200 is shown having integrated circuits 1202 such as dual wire-
bonded dies.

The integrated circuits 1202 are mounted over multiple die pads 1203. The
integrated circuits 1202 have active sides 1204. The integrated circuits 1202 are attached to
the multiple die pads 1203 with a die attach adhesive 1205.

On the periphery of the integrated circuits 1202, are leads 1206 having an upper
surface 1208. The upper surface 1208 of the leads 1206 are connected to the active sides
1204 of the integrated circuits 1202 with interconnects 1210 such as bond wires. The active
sides 1204 of the integrated circuits 1202 may also be connected to the multiple die pads
1203 with the interconnects 1210.

12



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
shown having an integrated circuit 1302 such as a flip-chip with an active side 1304. On the periphery
and below the integrated circuit 1302, are leads 1306 having an upper surface 1308. The upper surface
1308 of the leads 130Bealen¢oridbetar tohthenabiviasitdalBowhsiimeriiraglatddbeluitie3oppgith

interconnects J31Q o6 ASROIdRK Ralls: The HhRilgads 1AA6 B3 show RavingahakgEchgd portion

1312 below the upper surface 1308 of the leads 1306. The leads 1306 are further shown exposed along a
side 1314, a BSRShROTE98 | AhubsloNG BUPPSE Hdara i AEd o BHidN 24 PadhEads 1306 may be
pre-plated with Ni, PTiAU@dangosombinationsabthicespdded ldagsd306 #1309, caboherarrangenidn single or
multiple row formats to match multiple levels of stacked die Encapsulating, the intergonnects 1310
i the. Integt N R A A B oA 20 o e
1318. The corifemneapibimiterial IS8 HERs deksly \A8e@diny candeasriaasderatingdaneraaliode the viscosity

gets lower. ¢ Thetsiarenha cRnfecRakle Mataiial.1318 can be easily pressed over the interconnects
1310, above, and around the inteﬁﬁated circuit 1302 and the leads 1306, and then cured to harden the

conformable materiaF1gPgulatingrine inigrennsgls LaHd Ry dASBREA GiEHss 1S04mH RUEAYs T shape,
trapezoid, L shagsnktinghat eatiancoss,neahanioanackingeffect Wigh theeconftaimalile madanial 1318. The

conformable Eﬁ\&gﬁ!ﬁlaj@m IS Sh?wﬂ (p%llﬁyt gartialgxrgnca sulating the I.}alf-eggqhed portion 1312 of the leads
e

1306. It has béen discovered that contormable matenal 1318 should Be a thermally conductive

dielectric material. TA&oiefornthblecontaniaila 3n8teanl bé2dfadwiof ke Begsdye preatediabtiat ten be

hardened aftﬁ{t&léﬂﬁlgsémfﬂ‘ m@@t@ﬁumﬁgﬁﬁ% %ﬁ@gﬁtﬁﬁf@f{éﬁﬁ-lzoz Jd?ﬁtﬁ@!?&f@@'@@, Hﬂ@tefim 1318
should be about 100C while encapsulating the integrated circuit 1302 before curing. The viscosity of the

conformable fReEkSHEA18 dardsahe SRl MR e atb 4% 2000Pa. It has still further been discovered that
the elastic modulus afth&senfaomablebnaigriabps A8dbetare euivng (Bistade yishpeulechpe dagsithan

300MPa, a“dsTﬁ%Seh,%‘f'édt%et %EEH?JJE‘E%&%(’1‘8%!\('5%3“%&% it the confSIS.BOHIA pIeTErAPy e a difference
about 10X betore and alter curing. The elastic moduIus should also rop as temperature increases before

and after curisgpfaxmadhewivedhyelslis2koatyovd tirerdahfonembidaivgtéridiaBaehaageiwapplied to secure
a stiffener 132440 jthacpformable material 1318. The stiffener 1324 may be made of organic, metal,
ceramic or other material, which is stiff enOl:lgih to act as a support for the conformable material 1318 in its

uncured or viscous slafeCWIRERAME Dafrsie 15D Ry sbrvByiHERRIAY shserieittsbadile material, it
can function agHw@aiosiivh 0 Electemagngsticiaiadereoge shielding layer. Referring now to FIG. 14,

therein is shown a crﬁsﬁc,-s gﬁt}lﬁ)raal view é)fﬂ%‘? mge(ci;én grgn gf)r%urllt1 ﬁ(g%apﬁ %%t(ga&qzilo %ng tﬂP:'erar‘n % venth

. as 1§COVC . .
embodiment of the present invention. e Integra CIrcult package system IS snown having an

integrated cirewitld402 sirderai anwiedaboridededidowittbnnaditivel SidE8 1a04be made of a B-stage

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

The conformable material 1218 should be about 100°C while encapsulating the
integrated circuit 1202 before curing. The viscosity of the conformable material 1218 may be
in a range of 10Pa to 2000Pa. It has still further been discovered that the elastic modulus of
the conformable material 1218 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 1218, a stiffener 1224 is mounted.

The stiffener 1224 may be made of organic, metal, ceramic or other material, which

is stiff enough to act as a support for the conformable material 1218 in its uncured or viscous
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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 bottoitate4 18 hemmthaloHéepeird 34he matiecw el pariiorladnical Thadeiids 1OBighay ¢ pre-plated

with Ni, Pt, Aghﬁ)gt@,mﬁgggglbgﬁﬁtiqraggﬁlgg%n'gg@i}ga@&éﬁ@@@m@g},@g arranged in single or multiple row
formats to match multiple levels of stacked die. Encapsulating the interconnects 1410 and partially

encapsulating the infRGHAERE &RRUIC 1482 En PR dROALE SO SR AINY RiARANFEAES The
conformable enatériglckddsBshasna 1600 iisacsityl andodismtamiatatpredncieasesnth®hdssegitegets lower.

Therefore, the conformable. material 418,00 he sasly pressediover thepietconnects, 1440, above, and
around the integratgécplr%qnyiﬁglz and the feads 13&?6, ané en cured to %aréen the‘corformable material
1418. Theiteatsctiaesidah3fé- any shape and cross-section, such as T shape, trapezoid, L shape, etc,

that enhances mecheyical Igidng-eHegtovith the crafermable matenal 34 18.dLhesoRiRs e material
1418 is shown only partiall encaﬁéulating the half-etched portion 1412 of the leads. t has been

discovered tHAPHS G Eble hfatensl TR ShotiPhEa dinall) asnerresedigidiarichiaterial. The
conformable snktesiad 348 narhemadeiof W Bwithgadnaimdak thatocaoHe haddebsd .after curing and can

maintain a predetermjined thic S, The conformable material 1418 shqguld be about 100C while
encapsulating the inrﬁle%ergfea Scﬁ%%?t irfoihg‘évflor%eagﬁlﬁn%%?‘ﬁg t\(/:?lseé{()gﬁ;%ug?tr%]go% é)or%gﬁ e Miaterial 1418
may be in a ramtpecof 3084 te XadoP3at Ahs letiflsfliptiferrb dathelisbovaredohed thmgasitle Mddiulus of the

conformable majgrial M%?a%@fﬁl%gB%%K%@ﬁ%&téﬁ&%@xﬁ@d%ﬁih%§%%ﬂ@o@%ja§1 fhprld be greater
than 3000MPa after curing. There should preferably be a difference about 10X before and after

curing. The P44t MBbuS sKBL s ARG AL MR RurE hisa e baltsrs2a s aftarecdrifg. Above the
conformable shigterianidife acstifienarskd daishmuliiedevels of kaciidener 1424 may be made of organic,

metal, ceramic or other material hi%ﬁis stiff en to act as a support for t onform material
Tta i e uncured dr e R S R R e o et
material, it candurotisim@ashadardinkd o, aleetroniagmibtic inttrfielelddé.shibidimvgflayeble maknelstiffener

1424 is connggigd 49 éwmés}tiquﬂm&ﬁﬁ%m{&é%@{%@@%@9@%%%@0\;33 conductive
0

interconnection 1426 enhances the ability of the stiffener 1424 to act as an electromagnetic interference
shielding by funnelind &5t réSuIGABFEIPIENBRIE - didtch 8 Jrodfdivg BiFssed  orfettng now to
FIG. 15, thergirisoshes 18 mossoseciianalovevied aneniegr atiechiinaon packagesystesnclamd in an eighth
embodiment %fe thqur t%ehnt('ﬁrg}]/%ption Thea ir11te rtaeir:(l-:'a(ii 'rl%uit package system 1500 is shown having an

) : 1f L .
integrated circult 1502 'Suéh as aCV\C/ﬁré-%r(r)nngee Ie with"an active side 1504.

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 thermally
conductive dielectric material. The conformable material 1318 can be made of a B-stage
material that can be hardened after curing and can maintain a predetermined thickness.

The conformable material 1318 should be about 100°C while encapsulating the
integrated circuit 1302 before curing. The viscosity of the conformable material 1318 may be
in a range of 10Pa to 2000Pa. It has still further been discovered that the elastic modulus of
the conformable material 1318 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 1502, are leads 1506 having an upper surface 1508. The upper
surface 1508 of the leads 1506 are connected to the active side 1504 of the integrated circuit 1502 with
interconnects 1510 such as bond wires. The leads 1506 are shown having a half-etched portion 1512
below the upper surface 1508 of the leads 1506. The leads 1506 are further shown exposed along a side

1514, a bottom 1516Tkaie shewld parteotthebhalfdttienpobioh 1054 before and fftshitenaiamprbved

mechanical leghkingd nibgulgadsdrPaiRavedpedalheichectraiondSdalongithasidadnl4 Apd the bottom
1516 of the leads 1506. The leads 1506 may be pre-plated with Ni, Pt, Au or any combination of them.

The leads 15HBS8E dahd ararhyda hsiryIeBrantadprerily ol ARt o maRRish URDIES Y els of stacked
die. Encapffulating2the imtercofonasihs thdantBpartially encapsulating the integrated circuit 1502 and

the leads 1506, isa ‘:[%Qfs(%{.?ﬂ%@}ﬁgﬁﬂt%ﬁalb1518 The conforma%bjle material 1518 ha}s a Iovwnxé cosity and,
as temperature increases, t

re ir e viscosity ﬁetes'?g\c}\fe(r). e here dr%?rt ngcqgﬁ?or%gbﬁgr}ﬁgterla 1518 can be
easily pressed giéethpgnteretnnecerndl forabeveniandabio ortetine Ididgratededreedtors0Zand the leads
1506, and th%&t@!”‘?\%&% hardepdhe @%ﬁ%%@’é&@ﬂ?@ﬁ%ﬂﬁh%ecmcaﬂ &%Jﬁ@@%lﬁ@c@;ﬁﬁ,nnb@a&ny shape .
and cross-section, such as T shape, trapezoid, L shape, etc, that enhances mechanical locking effect with

the conformalieHoR R 20 510K OF e COMIBPRTHE IR RS EE RS 18U W6tun only partially encapsulating the
half-etched portion 1Ré2eihfhecleadFIG. 14} thasineenidiseoyered -thatithal cisvosmabisepatedial 1518

should be a thermazliljg cf(onductive d'ie4 tric mat\%i% Eh%oc(ﬁnforma% g mater'ql 1518 can bflahrenade of a
t e

b |
B-stage matecrllréﬂh ga%%esﬁéer'aen aftef csl?rlnlglg an cannﬁ"?gfn?air% a ﬁgg%ﬁélte}%%néﬁ)?hickness. The

conformable tiageried £8¢8 gprolidheysiboutD00Csivhile kavoap e iatiagathd drrvgrated sicduis 2502 before

curing. The visgosityRlithe ¢anfarmaklesmatenal 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 380MPREPRFTY Holifd B Prssderiieih S08oMp frattel 1Ry e 2ArHBRE" should
preferably besarthifterengeTeaippdOXdetoremnd aieswyrings ke elastiednodidluaisbolde 1@eo drop as

temperature i(gﬁheee}g%srgt%g)ge aglld1 %&erﬁ riin .Céb%\é% rpﬁ g)ur%(E?rrs’q)aotl)]lg Vrv1i1raetserial 1518, a stiffener 1524 is
mounted. e s%lﬁener 157, may be made o organic, metal, ceramic or other material, which is stiff
enough to act as a siippdrafer theccerfohmabldaniaedahdseRlindtparneurédl drbdkvoubesueerWhen the

stiffener 1524, | madeby the! B2l Of e Cifiab &RNABIHE MAtEr dloth Farhb IOSIRAAS figat Sk or
electromagnetic interference shielding layer. _
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.
Encapsulating the interconnects 1410 and partially encapsulating the integrated
circuit 1402 and the leads 1406, is a conformable material 1418. The conformable material
1418 has a low viscosity and, as temperature increases, the viscosity gets lower.
Therefore, the conformable material 1418 can be easily pressed over the
interconnects 1410, above, and around the integrated circuit 1402 and the leads 1406, and
then cured to harden the conformable material 1418.
The leads 1406 can be any shape and cross-section, such as T shape, trapezoid, L
shape, etc, that enhances mechanical locking effect with the conformable material 1418. The
conformable material 1418 is shown only partially encapsulating the half-etched portion 1412
of the leads.
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.
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Referring now to FIG. 16, therein is shown a cross-sectional view of an integrated circuit package system
1600 in a ninth embodiment of the present invention. The integrated circuit package system 1600 is
shown having an integrated circuit 1602 such as a wire-bonded die with an active side 1604. On the

periphery of the integrated circuit 1602, are leads 1606 having an upper surface 1608. The upper surface
1608 of the leads 160Beasenéoimmditenasink ktttvehoidd beorboittHE0rtegitite desrpailaBE2thvith

interconnectsH&t&HGRaS PAbYWIERS uring, TR IGRAR POBHR 8aRawabRaNng-ANaleichest portion 1612

below the upper surface 1608 of the leads 1606. The leads 1606 are further shown exposed along a side

1614, a botto*h 4 B16° Shd%ARbIy70aE s thdaibierber pertahiraersed haths glatfitatBodddiePSingulation,
the leads 16Q6chawéoifieabialfratefigd postiosiols t2rakpg-thesideolkil Yedad tihenupRarfadet1608 of the
leads 1606. 'I;Egléﬁ%ds r%%%?tﬂ%%%gﬁoﬁfﬁé% ted with Ni, Pt, Au or any combination of them. The leads

1606 also can arrea%g in single or mu ?fﬂ%urrlcl)l\%i formats to match multiple levels of stacked die.

Encapsulating the inferesniestd peferahd paaidifcemeapdbakitiHythefimtegpdteticciceong 602and the

leads 1606, igjagopfoimablgomatatiahill. diifrenformRable atsdahd 6l has & lonpyiregsity and, as
temperature increases, the viscositg gets lower. Therefore, the conformable material 1618 can be

easily pressetPBERARL marEahk tBHJgve 1mau6ting the integrated circuit 1602 and the leads
1606, and then curedie fiefeiesn tlaeconfosmnable vTaietiaic]oib8i, ceraiedeadsribfierahnvbeciany shape

and cross-sectign, such as T shape, trapezoid, L shape, etc, that ces mechanical locking effect with
the conformabiB ThaLBAE T Rt e e S T S BB R BB g he
half-etched p&iption WheR e thiefiensdd 424 is|nkids bedredist ovetedtibrlt ehdegnfomadlel niatenial 1618

should be a thgrmallyapaduelive dirlesiiicateriallir canipmablg 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 16 14 €REUIE B! 6T E Wisilsadn d4BS ity YRt Aafe QIREEHPL602 before
curing. The visieesityhef dhelcanfoimablareatefiakl6 t8hanaysheeiatalitangehefliReta 2000Rat It has still

further been disclg)v?red that the el%stﬁc moduLt{g.kthhg c%)nfé)%nable m teriall 1618 before. curing (B-stage)

should be lesS than 300MBa, alid it should be greater than S00GMPa after curiitg. ~  Theré should

preferably beraddififarénegrabelind 0M.before and after curing. The elastic modulus should also drop as

temperature inCre@?{%@ﬁﬁﬁgzen%ﬂt@ff%%!QHexéiQ%%ﬁB@&Q'}ﬁ%E@?teﬁ)ﬁﬁﬁ@é@'&%Sin?égxﬁfiheswe layer
1622 attaches a stiffener 1624 to the conformable material 1618. The stiffener 1624 may be made of

organic, met&i CEraRATKSE othef hdtifainwHichl SR ks Fto A chss PEese i pBrtadithe cdiformable
material 1618niddistetheuicaid prckigeoystsiatsodhnandhe piviapan 162drisemacdaiby 3oerial o £lectrical
conductive mv%}%[iba(!hgeg%?ef\lili [ ﬁtg%na&svggﬁte qig&pr electromagnetic interference shielding layer.
On the periphery of the integrated circuit 1502, are leads 1506 having an upper
surface 1508. The upper surface 1508 of the leads 1506 are connected to the active side 1504
of the integrated circuit 1502 with interconnects 1510 such as bond wires.
The leads 1506 are shown having a half-etched portion 1512 below the upper
surface 1508 of the leads 1506. The leads 1506 are further shown exposed along a side 1514,
a bottom 1516, and along part of the half-etched portion 1512.
To facilitate improved mechanical locking, the leads 1506 have the half-etched
portion 1512 along the side 1514 and the bottom 1516 of the leads 1506. The leads 1506
may be pre-plated with Ni, Pt, Au 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 viscosity and, as temperature increases, the viscosity gets lower.
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Referring now to FIG. 17, therein is shown a cross-sectional view of an integrated circuit package system
1700 in a tenth embodiment of the present invention. The integrated circuit package system 1700 is
shown having an integrated circuit 1702 such as a wire-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 170Beza@iconthe ctentiorkdlactinesigle 1704 efrhdintergrhtenredsedit Vo 2thdith

interconnectytLohakal #5100nchvdresd thsulrede 140646 shawnibayintamaltpichasspargon 1712

along sides 1714 of the leads 1706. To facilitate connection to a printed circuit board the leads have
external interdSARBEES PP e Sendoiabls MUEtALALY to a bottom 1716 of the leads 1706. The leads
1706 may be pre-plaidd wiids N§UBtcfuberaan\siegn bilatioss atthem sddealeadh dpf0 Galsmican. be arranged

in single or multiple row formats to maich.multiple levels of stacked die. Enca jng.the
intorconnects 0 and A S et RS s e arte AR J08.is a
conformable eaaferizible meteTihblSd Afic rihemsieon a raviaa y7ag 4pasl2iimaheisebsitghahdodiondmperature

increases, thgpyjscRsity 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 LoRSMAEb YT ERG I Hat18e confrmuiple qatprgh A 5ROYKY RhagReERY ¥ross-section,
such as T shapelurapednidclishape;eic Tthatemnbangds maeHanicakleakibg efiectoniihrheagonformable

material 1718. The ngorm bl'e aterial 1718 is shown only partially encapsulating the half-etched
rlaft al can ge ?.]i?enf% aq'ler Urin an%%a%gqta%ﬁ/tgn arﬁre\ée?e IR (y ﬁl

portion 1712 %lfl% e leads. as been discovere & corfformable r%altelrla 4718 should be a

thermally conductiveldieleerfiomedteriateriae tdhformalslemaleriall 00°(8 varchenmasidatna Bistage

material that ﬁ@&x}%&@@ﬁ@ﬁﬂEl@l@ﬂf‘éf&'é%ﬂﬂ@ndrﬁ@mw_@éﬁ%@ ﬂe@&ﬁﬁiﬁfﬂ@ﬁﬁt@ﬁﬁkﬁ%q pel he
conformable material 1718 should be about 100C while encapsulating the |nt%gra_ted circuit 1702 before

curing. The vi8cosityof tHaonralRiite iatetidl s hesp sestiv e ianga dio drpdicarodedpal it has still
further been discovesatathatiberelnstcemethtusucihth@canforsmble nratssiahdn’ 3@ baforancuiing (B-stage)
should be Ies&l(t)hf;l SOOMPathan i uld. be greater than 3000MPa after curing. There should

[

€ greater, tna. atter curing. . .
preferably be a difference about 1 efore and after curing. The elastic modulus should also drop as

temperature increasd$referevkharafeeabtubing AibcvanthalbonfobXdisiomardriaka7asing. stiffener 1724 is

mounted.  ¢jastic 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 viscous
state. When the stiffener 1524 is made by thermal or electrical conductive material, it can
function as heat sink or electromagnetic interference shielding layer.

Referring now to FIG. 16, therein is shown a cross-sectional view of an integrated
circuit package system 1600 in a ninth embodiment of the present invention. The integrated
circuit package system 1600 is shown having an integrated circuit 1602 such as a wire-
bonded die with an active side 1604.

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 leads 1606 are further shown exposed along a side 1614,
a bottom 1616, and along part of the half-etched portion 1612.
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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 thd infegjlitesd ceiricuisipaeikbge shstieadsl d006f IFIG. tharhalfraehpdaerient &6 tRe present

invention. Th%&Y%EﬁE“sih%%iﬂ%Hﬁ'@ﬁeﬂlWégmﬁfQ& ingegratad el gvé bigekd802spoumiing a lead on
the periphery of the integrated circuit in a block 1804; connecting the int%@qrated circuit to the lead with an

interconnect MEAPHEAMSIE! K Yo shimy soetirarompidhset il the e 8RfBFMatHte material on
the integratednciiaglit oihedeptt @ndithe dnteracnttechinmedloek d868cked dié.has been discovered that the

present invention thys,vas IUMErqys ARRSSIS, AS FONYSRUCRALMAIING PIACESS if{plagefby isolative
layer attaching and curing, man%facturlng cost can bere uc%é In terms ?s or%er cycle %rme, less

equipment inviesthép2and Sicnlshsls dldtbessa confanpitenmpedtliglds [Baricoarerpabliampentbedded in an

isolative layelsiRorg WeSHNG REsRyIsRXRORGthduringiRaaiclewr! atirshnant Rad.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 A6HiEBENnds TIPS iSREEHen Al SPP&Eh &Y datrseh srtedor mold
flash removaldrateexiesnad 1I60shesp eaid hyotardni tiney cantiguiatingd 2haidemedendersdénatd flash on

lead during nufac%J{(i)r\g?.]r de t}L he anngth%rte\l/qaa fabtllg aspects of the present invention consequently

S
further the sté & of the tec noﬁlogy 0 al least the next level. Thus, it has been discovered that the
conformable material8ydteds dpPecprdsenrmirmeptiondfgrpistiedimnpsichras ahabhpgetsinzodnknown and

unavailable sgiisiong, eaRRHINES: AREHIHAGHNA:ASPELS [Rh e AIsthGERUIRATHAGESYSiRMS. The

resulting processes and configurations are straightforward, cost-effective, uncomplicated, highly versatile,
accurate, serfSHVETANE BfEERY O Khtt B IRt SBrBR HadptiHY RAGWEIRpGRRAf! for ready,

efficient, and gehaimtical manufacturing, application, and utilization. While the invention has been

described in conjunctjan with a specific t mode, it.is to be underst that many alternatives,
modifications and vaiRo e HeLa Bt O T R s e e e
description. Acodvdinglylidtdeiistarteatito dirbrastomblablecmaiitaphdiV8s:ambdificriiorisa dhelagariations that

fall within the scepg althadeHdad.clpims Midpale s nihatefiol e et btk ashown in the

accompanying drawings are to be interpreted in an illustrative and non-limiting sense.
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.

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 1618, an adhesive layer 1622 attaches a stiffener 1624 to the
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.

Referring now to FIG. 17, therein is shown a cross-sectional view of an integrated

circuit package system 1700 in a tenth embodiment of the present invention. The integrated
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1. A method for manufacturing an integrated circuit package system comprising: 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. 2. The method as claimed in claim 1 further
comprising: attseHimgchaskifetentol 1 dorformabisingaterialeBatTheirpathb)asethinted Wickaim 1 further

comprising: ajtaghingasstiffensiite the qapiormable material with an adhesive layer. 4. The method as
claimed in claim 1 further comprising: attaching a stiffener having a protrusion to the conformable material

and having the protr&loRSrPEBRRSE! Wit e iFedrdaitrirclif2sama Ieisthd d% MAYUAICHRRAG an
integrated ciraitapatkeg)eRBysigparcorfpaSiNgs pf chddéads anoateg et abdwtihnathiingla 16ad having a

half-etched POF ttI ;8 egtpa?eg %ﬂgll}l?r%% tvblﬁﬂq}l?g[:%%%%c ércf‘lﬂt(b 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.

The conformable material 1718 should be about 100°C while encapsulating the
integrated circuit 1702 before curing. The viscosity of the conformable material 1718 may be
in a range of 10Pa 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 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 1718, a stiffener 1724 is mounted.

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
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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. 6. The method as claimed in claim 5 further comprising: mounting the integrated circuit to a die pad
having a half-etched portion. 7. The method as claimed in claim 5 wherein: mounting a lead includes

forming the h&fietcadnpbeisifansnd B sitenzadd botlmmmet thelecitcdlopngectigenaietiahpesadurface of the

lead, or a combinRHoR theresk o3 ltbeomethad ascialmed i glaip zyiyrther comprising: mounting an
external interconnect to the lead 9. The method as claimed in claim 5 further comprising; connecting the

lead to the stiffener EFEIRERATEHO terbtbrifewivs 2102 Al vhiEhiihiel 2irdtitpadtysystem
comprising: anaintégrated dieCiikgrated 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 1/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 processes and
configurations are straightforward, cost-effective, uncomplicated, highly versatile, accurate,
sensitive, and effective, and can be implemented by adapting known components for ready,
efficient, and economical manufacturing, application, and utilization.

While the invention has been described in conjunction with a specific best mode, it
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 lead mounted on the periphery of the integrated circuit; an interconnect connecting the integrated circuit
to the lead; and a conformable material pressed on the integrated circuit, the lead, and the interconnect.
11. The system as claimed in claim 10 further comprising: a stiffener attached to the conformable
material. 12. The system as claimed in claim 10 further comprising: a stiffener attached to the
conformable Whaeralgigdin: adhesive layer. 13. The system as claimed in claim 10 further comprising: a
stiffener having a protrusion attached to the conformable material and having the protrusion in contact
with the integrated dircuit. A TACH by B AU BF-AB RIS HeB U IRATKARE HETBLEPRRE Al f-etched
portion; and the intgriconthiechecanagaatsdgideeiintegrated circuit to the lead is a bond wire, a solder ball, or a

combination thereoLl%Sﬂﬁ'l'hea system,as glr?glmedolpﬂ;l:é%%glrgtgggﬂg&igomprlsmg: a die pad having a

: U

half-etched portion mounted to the integra d cireui
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.

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

attaching a stiffener to the conformable material.

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

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

4. The method 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. A method for manufacturing 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.

6. The method as claimed in claim 5 further comprising:

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

7. The method as claimed in claim 5 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.

8. The method as claimed in claim 5 further comprising:

mounting an external interconnect to the lead.

9. The method as claimed in claim 5 further comprising:

connecting the lead to the stiffener with a conductive interconnection.
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16. The system as claimed in claim 14 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 17. The system as
claimed in claim 14 further comprising: an external interconnect mounted to the lead. 18. The system as

claimed in claim 14 further comprising: a conductive interconnection connecting the lead to the stiffener.
10.  Anintegrated 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; and

a conformable material pressed on the integrated circuit, the lead, and the

interconnect.

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

a stiffener attached to the conformable material.

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

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

13.  The system as claimed in claim 10 further comprising:
a stiffener having a protrusion attached to the conformable material and having the

protrusion in contact with the integrated circuit.

14. The system as claimed in claim 10 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.

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

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

16.  The system as claimed in claim 14 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.

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

an external interconnect mounted to the lead.

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

a conductive interconnection connecting the lead to the stiffener.
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