INTEGRATED CIRCUIT PACKAGE WITH OPEN SUBSTRATE TECHNICAL
FIELD The present invention relates generally to semiconductor

packages, and more patrticularly to leadless and ball grid array chip scale
packages. BACKGROUND ART As products such as video cameras and
cell phones become smaller and smaller, the electronics industry is
increasingTEQIANEH TEREYT TMINAIAGHON BIINSIEN SUBSIUHA TE
packages. At the same time, higher performance and lower cost have

become essential for new products. Semiconductor devices are

constructed from a silicon (Si) or gallium-arsenide (Ga/As) wafer through a

R ﬁﬁ#g t]g%qBrises a number of deposition, masking, diffusion, etching,

and implanting steps. Usually, many individual devices are constructed on

the saifte wateenWheentive deldses grecsdpatatedrimtondaitiduzichrgempsanfl more
PR ueaAchJakes-he fammolAniueginied.gipuligies,  In order to interface

a die with other circuitry, the dies are commonly mounted on a substrate that

is surrounded by a number of lead fingers. Each die has bonding pads that
8redReRUNIAURN connected in a wire bonding operation to the lead fingers
and th assemblics. e hatRaskases i Mdidke ereansHAnddREMIR, e

molded plastic, epoxy, or ceramic bodies. The lead fingers of the packages =~
sl iRBit prtEEIel forrattatHnESIUIEE pRritesreireiitapbirion ofopfegipid Gfreuit
pagkage iatheedawt liatdaigad fQFih paekageloWae QftNpatkagadasdiel for
die adhesively bonded to a lead paddle which, along with the lead fingers, is
5%(%% ‘“Phe QFN package has good electrical and thermal characteristics,
howevgemtiodndre@sedthvée exurmo e r@fsinputb dtputsa(| ADicbor ESgiven pdliiynsiasenide
(s REFEERANIQUERANGRLDE WP RTHhe a0 RGPET AQQHARSEIEMALS JMSion,

of lead fingers. However, when the width of the lead fingers is decreased,
REAMENgNor BRI rEcenc SliHidve gyl imdiletisange contistrdpyhe same
Qhpackagenimthe nlasticd aasharid aicuh(Ridad)dowphichaidiedsrbareaddean of
addle ang theL{)aédee is bonded to a substrate. The substrate has patterned
AT A" BotH Sitiéd®and through vias connecting the patterned metal. The
PLGA hagkage iablecton provide odiativedpinighiruddsens obd@erflyr mogived on a
bty iz AveL A QENAITKRAAE HRWeKSh AdApd PRAINALSARIS A BI tat are

solder mask must be applied on both sides of the substrate exposing only the

BSAdN ihedly, cRaprestennsetiis A essie fmtasleashiiages sRe(ap assemblies

gwfmsﬁ_%i@lag@a,@r}fldh@dnmﬁg@%mmﬁigtqr&w i_ﬁ%@l@é@?ﬁ%sd,@@&mg% ceramic
nspectl n, es la Wit regar to moisture resistance. In a tlon, solder .
oSS o et BT L B KRRt CPABREBEAN 4 A ARSEL BbAdirated

pachgibearBurther, there is a higher possibility of warpage in the event that

solder gask volyn %@rggliigmegéag%fxy?gqe%e(@ﬁ\ﬁ%qc %Qoﬁtﬂé;téﬁl\'ﬂ%ckage has

balanced. Ih addition, the solder mask layer increases the thermal resistance

therAienedeiipyely thenprthted daelinagdglsrey nidu eg S rviviiehe iepd dingers. is exposed.
Q'i%s@ﬁﬂoﬁh&@g@ﬁﬁ@%&@dt@%@ﬁéﬁ RAGKAGEhal chiTHEtBEsithenBkEAr PRCKRER e the
T e bty S g e, S S S Y B A 0t of the
lead fingers and/or insert more rows of lead fingers. However, when the width of the lead
fingers is decreased, handling problems are encountered during manufacturing.

Another type of package is the plastic land grid array (PLGA) in which a die is
bonded to a paddle and the paddle is bonded to a substrate. The substrate has patterned metal

on both sides and through vias connecting the patterned metal. The PLGA package is able to



Solutions to these problems have long been sought, but prior developments
have not taught or suggested any solutions and, thus, solutions to these
problems have long eluded those skilled in the art. DISCLOSURE OF THE
INVENTION The present invention provides a method for manufacturing

grpiniﬂeglraaeiderkjfrdui'gl_pauhé:ges_bgﬂch@sirfgraasmgb&l_mawdw ﬁ_mnhwgraac@ENaparkage.
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core layer cov g the through opening and a second conductive layer Is
IR S RRENCOPBI e rhoppBsifactie fivdheinitbritirenalye il toddesaghon large

aReNING-ABE IRk theoyiamgantapting dhe fisticenduetive nysle jrigaratRGection,
circuit die is bonded to the second conductive I?lr%{ter and in the through

BIRSAING. CORNSEREhE PRt BeihEen tRe iEgPat iRt BRI and
ssobnihconductivelayehcanddhbeintétatbohdingjtadisi andRinerconheetionshigher

g{&%’i‘l‘f po%‘il%?ﬁg%e in the iesvéﬂ(fmé%_‘%&ﬁ%%/ iﬁ%ﬁ( g%ﬁl?ﬁ{@%ﬂﬁ?c‘kﬁ'%?ﬁ)&@%& RRUSE and

ectrical perfo nce and a ‘h'eS|on as we ower manufacturing costs.
the aitoaribsd nlanes bf hediitentibn ki Bk laguEIstages the dbriakres snce

ioplase of those mentioorc.abevr Fhaagvantages willhecans ARRAGAbIRJ

those skilled in the art from a reading of the following detailed description
HRETTARAHNh reference to the accompanying drawings. BRIEF
DESCRIRAO MG B IORAMNENGSs off-kdGrids i quiiogsr seationainsideveen the
\\;ig\g aft ne edﬂbodiment of a thermally/electrically enhanced super thin die

up chip scal% package in accordance with the present invention; FIG. 2 is
an isofrtieBoohtsideoiewsoatfel ebd beares iUt inisiudeglemnents have not

ﬁdﬁ%ﬂp%y lAlil G- 3ISBRIRANSIHC dRRSIRMIW R the YIS AakdGords eluded

without an encapsulant; FIG. 4 is a cross-sectional side view of an
disolitreHe SrSdermally/electrically enhanced super thin die down chip
scale package in accordance with the present invention; FIG. 5 is an
isometric top side view of a first conductive Ia)é?@of FIG. 4; FIG. 6 is an

isometric bottom side AR AT B QF A .Eklmmg an

The present invention provides a method for manufacturing an integrated circuit
package by forming a substrate by forming a core layer with a through opening and vias. A
first conductive layer is formed on the core layer covering the through opening and a second
conductive layer is formed on the core layer opposite the first conductive layer in the through
opening and in the vias contacting the first conductive layer. An integrated circuit die is
bonded to the second conductive layer and in the through opening. Connections are formed
between the integrated circuit die and the second conductive layer, and the integrated circuit
die and the connections are encapsulated.

This method provides for even heat dissipation, better electrical performance and
adhesion as well as lower manufacturing costs.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages 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.



encapsulant and solder balls; FIG. 7 is a bottom view of a chip scale
package with rectangular-shaped dual rows of terminals; FIG. 8 is a view of

a chip scale package with circular-shaped dual rows of terminals; FIG. 9 is a
view of a package-to-package stack in accordance with an additional
embodiment of the BREERDIASERIBRION (FHGHBEIDB AWIRNG ST a
multi-package-to-package stack in accordance with a further embodiment of

the prédentlinvertioss-sectipnd side igiew Mometriebespaee eievwhsfntadly/electrically
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topside view of the structure of FIG. 10 without a solder mask; and FIG. 13
showsAGnetHod b tRRRGRALHNY Aifsntugrattdierime pucielg g sHcluding an
MR CARRYING OUT THE INVENTION Referring now to FIG. 1,

therein.is,shown a cross-sectignal side yiew of one iment of a .
herma ey e b e o FLRSE MR R cosapsytont
100 inHécotdarcerovithatieopresdnt irpvention. TheodiBPnt 00 indierdwd ydegieically
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106 on Oé)pOSI'[e sides. The core layer 102 can be a non-conductive material

such aE'SucH*48 AMTEGHe GRatde(Bisthaldifitie thassHEC B RISAS: dpoxy
laminaleG olbpielyimisenatd thetdist and secontl Gendtictivie lay s 1@4ianeding an
106 can be r(l)é gqutighlse metals such as aluminum (Al), copper (Cu), and

n

a%ﬁép f}iu e h egrated circuit die 108 is bonded with a die attach

adheskk:17 dsto hbidosesmdof ardir tivald apekago 6vithrrectiagattachapdi dulaows of
f12imay be of thermally and/or electrically conductive or non-conductive
material such as epoxy or glass. This increases the thermal dissipation

capabiit§ of tha frdseht fiNRMidnPaskashiedrsiediareipeieltgqw tohiseniays:
by groural Wirgsaldizvand sigaedayires phtiate theckeeond aanskective layerdditional

10%. (T.hel%ro d and sig{pal Yvires 112 and 114 are of such conductive
mbodiment of the present Tnvention;
materials as unﬁ)lnum, copper,’or gold.

FIG. 10 is a view of a multi-package-to-package stack in accordance with a further
embodiment of the present invention;

FIG. 11 is an isometric top side view of the structure of FIG. 10 with an optional
solder mask;

FIG. 12 is an isometric topside view of the structure of FIG. 10 without a solder mask;

and

FIG. 13 shows a method of manufacturing an integrated circuit package.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring now to FIG. 1, therein is shown a cross-sectional side view of one
embodiment of a thermally/electrically enhanced super thin die up chip scale package (CSP)
100 in accordance with the present invention. The CSP 100 includes a core layer 102 having
a first conductive layer 104 and a second conductive layer 106 on opposite sides. The core
layer 102 can be a non-conductive material such as such as thin core glass (bismaleimide
triazine (BT) resin), epoxy laminate, or polyimide and the first and second conductive layers

104 and 106 can be of conductive metals such as aluminum (Al), copper (Cu), and gold (Au).



The term "horizontal" as used herein is defined as a plane parallel to the
conventional plane or surface of the integrated circuit die, regardless of its
orientation. The term "vertical" refers to a direction perpendicular to the
horizontal as just defined. Terms, such as "on", "above", "below", "bottom",
"top", "evente@ndd windeirderéOdafibeddadtiyidbspédet dodtieadbeiranidOplartie. second
B RlowIAp ARScHRUen. RUTIEIGHS SRaqHG deBUS AIRANER O HRVE Acany
thorough understanding of the invention. However, it will apparent that the
ROPEREBYS rila ) Becprapeited WAtk thdsasspeeifiot elaits. Thivaeeass avidthermal
QRSB é&&lﬁ[@%ﬂtl(ija‘ﬁ?%%@ﬁ(g@&;ﬂ@ﬂ{:@h&{@ig&%ﬁ@%@[ﬁim@i&ﬁﬁ@%& by
process steps are naot disclosed in detail. ikewise, the drawings showin
RIS SR RV /eSS CrSGR AR SHUHSc P oLt BN and
partituwiarly ] sband df4hecdifnecisiongware dondteel dlaxitylomprese ndatian anwldre
show ree%yl% e %fglte% IHSE?%&L:%SS Iﬁl %ggdtggrb gﬂh%r?a@ﬂgll %,e[he conventional
embodiments are disclosed and described aving some features in common,
s gfifyars ehte sramRedabrrdsicdeserperow e esmikéoneathedsrane egical”
anethey will erdinapiyerslesariRetiiihiikaseiRraRcAIHNEr A8 ms, sIB® as “on”,
term "processing as used herejn includes deposition of material or

pHStSresiSE PatterRig Expd¥ire, Wl elBPhe I BtcHiFg RIRsHiNg Margpsrt o the
remawvallgfithe material or photoresist as required in forming a described
structuyeq,. roil G PIE YT 0RNARB.CBOUAL ARENING L A0JPICRNIAING NSien
mtegrateé1 circuit die 108 and a number o perimeter opeﬁlngs orvias 12
sodestipiling tHeheanteatiope iy ereo imidl aapareiticpetriiegmveotiendngyebe practiced
ReMDRI@E MR 3% Qxtand threHgh deverIetadRmtARe presdhi8fikstion, some well-
conductive layer 104 is processed to form a ground or thermal pad 130

EB?%%HH&%“W?&%&%‘?&%%’EWﬂ@ﬁr&ﬁ%&&’%ﬂ‘e‘?ﬁ%ﬁ?&d%‘“ﬁa oses the

centralLdpeniagiie@avite cdureilayeni@lmand dfiehtarvinads idAdaldséidh@mmatic
erimeter vias 122 in the.core | r102. .. The sec nductive layer .
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AR shoMg gied the r a2t ted 2n et lrou el o ietrnvdicisrmitizie erdedivagids are
theoahy the cetrakananing b4l afihecare dayrinl e taheyin cotact Withsth@ion

ground or thermal pad 130 of the first conductive layer 104. The ground or .
MdrArsr e T A kS A VS A L ARHERR & B SUhaaihY Badesibstbryith like

gieundemvineshl? are bonded. The signal wires 114 are bonded to the signal

terminals 142. .. The.signal terminals 14 tend through.the perimeter vias.
152 in 8 E40 58T 108 10 b o ok S TS DD F I B i
paiRintveckrperreodewiniimene pishimatelleapiad 2mélnt thiaehtpil tbpenitgyial or

BRAsxIgn ekl iﬁ?pﬁgfﬁg@ﬂ%ﬁé%dmﬁl&i%a' terminals 1_42 and the.
ground or thermal terminal 140 effectively close off the gpenings to provide

"blind" Bl SF 10RHES faSeeg AR B iIAY LoE fRRAAIRE dbe B gsas i gircuit die
o ugh dheiobee dyeritG2: opoheuse\idaserdrilinglokite viasralioiadies 20.

R{Rlems related LP% leqanical routed orgynched-troy %%%%Péff%ser”]%&.ca”
cause cracking pronliems. fn tﬁe present empodimernt no solder mas
layer id hediifiredoattst vio pazierd I98tio rmrkegeses] whiehresghein nettbgrmal pad 130

adhssian hetwasmhe encansyiating sraterialiand 1he ayetsnd s dRitYfBning 120

means there is less moisture uptake. Further, because of the blind vias, there
18 HS eVE RISt DR TEY B bgh T8 YhEsrRegREEt érclat didPeaigre laver 102,

The second conductive layer 106 is processed to form ground or thermal terminals
140 surrounded by a number of signal terminals 142. The ground or thermal terminals 140

extend through the central opening 120 of the core layer 102 to be in contact with the ground



The integrated circuit die 108 is die up because of contact pads (not shown)

on its top surface to which the ground wires 112 and the signal wires 114 are

bonded. The CSP 100 further includes an encapsulant 150, such as

plastic or epoxy, encapsulating the second conductive layer 106, the

mtégrateldpait At dieti 8y thepolie qittadhyad hésivEnt 1fpting groumohalitesiibhB, 140
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CSP 100. d 130

Isometric bottom side view of th e ground or thermal pad 1

AgthéHareinedsdiothe s lbisrraned43n the present invention, it has been

discovergdithal terminas 43 2xwhichrextandePepiatitda fLannthekorsiayser 102
102, improve surface mount ieléi anF%ésg?'lrder joint reli?laté,ility. Further, solder
fk

18R AtGAMES BB VRSB A {h LGRHF M i ihidls Y81 the perimeter
Refdizihgniobe tekt@ opetiheré it isxshowirarglisbmeiricligpside, wievsighdherminals
P i tt Sl 50, The i cirguit di ' :
B U RE SRS g povide
Thiagronaeingires Timdndgsbehbadpanarss SARG ¥bhePtRet groensthiagehahe core
therelpincreasing the possibility of heat transfer as well as multiple ground
paths. Referring now. to FIG. 4, therein is shown a cross-sectional side
view of &h B BodiHeft bRa thE¥mat ARERALA IR SIHEH ELY<LiSdP e Hfa! routed
dopumBESPHO T he iGR o inclade s adone tayde#he2 having a first
conductive layer 404 and. cond ganductive_layer 406. site sides.
The oo i, D et bR R0 S HEM S0V 00 SRR i Bonon
Horssg B iR dinieiéctrrdhierdore iy cep kg vapansateting polgimidadiy tagers.
fiigt anehserRRk CRIJUCTMG lRyss40duard £0Beana et emaustive Mmetalkre is

such as aluminum, copper, or gold. . An integrated circuit die 408 is

BOAHEH Wit 4R SraeH kR0 148 ied sEeghd'edftuctive layer 406.

The digatiachadidesive 4l roays e opthermallyfaodion glektticallyiown) on its top
conductive, or npn-conductive material such 2P0 r glass, The integrated
B B T L e 2114 10 the

second e reRie il | dyetha0eciys g raursdcansh kigind Pireitsd 19 aplasdd 408repoxy,

chanaianiale shchasmalteninem<apReNOQ 8Ol e gratdNECRIEIRYRIZAAR RRSRach
central opening 420 for containing the inte%rat,ed circuit die 408 and a

AhRBE: Dk ansERrbBLRingS it 428808 Adihg the central opening

420. TRefeehigaloopenifiG 42 Qrendnthespeximatasonas 4 2 wxiesiddhiough theCSP
e layer 402 The first ductive |layer oses,the central nin

5 PR R S T E S SR PSR TR e

thesniahpadias beephdissevernd Gohturinasidyer wishs prodessusttadfofypm the core
grRyNg 0N thesmal ferminasif 4R antd AdAduitif umbetof signa) teiipAlimation

444 in between. The ground or thermal terminals 440 extend through the
EMPEP Gty s Brtiralsites 2R s trtdiita ground or thermal pad

446 inRefiateaap with therfsBeanatiativeHayar0donétiscrngalis thawnd the CSP 100
additional processes aterial.are required for a sjlicon substrate backside
R TR e e o R S & IR 5 e
perinsetae dgé rindy 8Yoiheisig D Lo I15Rn dimgrinebwisgst Withtiebrgpnded any

?%Q‘dﬁﬁgﬁﬂ@@%&?ﬂriﬁ V‘IH@%&«JB? %%&%@Q%f&%iﬁﬂWﬂ%qf&Eﬁtaifdil%ﬁ as
irst conductive layer 404 is patterned, the ground or thermal terminals 442
etk g deadignal terminals.  The integrated circuit die 408 is die

down IRecatisg alfovontagtipads ahelistop siidane awliich-facesslowide toivvhioh an
he,g5ound wires,ate and e signal wires 414 aredondeds n csp 400. The csp

400 includes a core layer 402 having a first conductive layer 404 and a second conductive



A solder mask 450 is formed on the second conductive layer 406 with a

number of through openings 452 to the second conductive layer 406. Solder
balls 460 are formed in contact with the signal terminals 444 through the

solder mask 450, and solder balls 462 are formed in contact with the ground
teyeninds oh6@ptrasia gidthe Balderariagk 480 .can bEhenGoPo4QQ fivetmendnalucies as
ALEAcIRFUAL Ig‘ﬁ?s’ &‘f&ﬁa‘i‘eﬁlﬁf&‘ﬂ&a&’f&QQ@&X),E%BQQ%%HQQ e S8GR0He and the

conductive layer406, the integrated circuit di€' 408, the die aftach adhesive
a1, 3R seeRINd N laise tHeSigithIAMream e, of crshiviy Meltosuch as
FilmiRutREPIEIS TN an isometric top side view of the first conductive
substrate 404 as the ground or thermal pad. Referring now to FIG. 6,
thereirt 18 REHHCAR TSSThalrd BoRdrMare Vi B AL s iaD SHoMidescond
enchpsutahly d6H)Ghelboldier amadkadbésiand thensplateothlsbly andlatc2ectrically

S %fcﬁféi[ll% a%?g%ﬁ‘-’c%%ﬁ?wE']%E?éﬁ?iﬁsﬁﬁ%‘é%f%%g?Efa‘{ ?V;ﬁ%f, f?n%?ﬁeﬁ Q%ﬁ?ﬁ’%ﬁ‘&os

L
rectang ape al rows of terminal Referring now to FIG. 8,

thepairiicdHovEREd SPrE0b! Aavih g SirtuTaRs hap & Huassondsconrdesindager 406.

88 grounBR efarsineh NEWet HGn P4 hengibrim HRAWE AdPALKAGRTHRIMAKABE or gold.
stack 900 in accordance with an additional embodiment of the present

inventiOft T8 BERKkAYe5-PACRAYLRALI I8 1Y GRaABY as in Sle gt dgiircuit die
éaSamf emiabati@_;iaﬁ:lmie_sc@dﬁﬁigs package2P0Qirsiackied e aadr_shnﬁammg 420.
HQUIIGH 9 A dzlgﬁ‘%n‘{ﬁ'i?e' 'ér%ét‘e% R PASKRGE Asn the LR i;a:fé 402
conductive Faye 404 Is processed to form a central grOL%n or thermal pad

902 sukhsuiieaopguetivifar 904 cinses dhagentoronsaiag tHéravgl hadaopeisr vias

separateddhy %Uem,aiﬁﬂ eh 996 frann Shentermminals 904. A solder paste 910
is used to bond the first conductive layer 104 of the CSP 100’ to the first

condudtie’f5gRT 4e2AB¢tNMe 18P AB0" PHS SN AT SR Wals RSP Rib iRy nals

vavious dighalidnd gueibad ofiréeaconreations hefiedocivenntdikateduaidcoritthermal
ice.and Ider ball would pbe evident from the above ription.

e G BT S ALY A0S RUAN srpund

e00Bimacpatditfceanverntactuntiteiemibstignedicai ehiysie 4t irentienanT feat no

ndltiRackaoesionackagesiack L00Q, pyewayohexgnpleandier 6388t ground.
explanation includes a modified _CSPé)ackages 400' on top of a modified

%%Hc%%‘%ﬁ'@"‘.’r therpppl Groipgly 65t%615V@F%@2 Oedipep PBTKAR" vias
40D 'tés forac ébisedviasfanim detminalsh 1060 2k 0@dndnd k00 e Hodsoltdewbaligso be
460 and 462 of the CSP pa 00 are respectively ball-bonded to the
B e SR R AL SR ARMEN R RRHEAA IR srouna
waherfor! ieaRing /4t oean Sigyrsidaricrigrelitsaniiedsconnections between the

integrafed iplecitQice-anddbe eolderdalls psewruld,pesay remithep surface,

above description. _ Referring now to FIG. 11, therein is shown an
REpirtrre 4 S o I i g ﬂ‘iﬂﬂi‘ff&&&é‘éé%‘l&%ﬁﬁ@%‘ Bk Gdeionded.
accordanoglvyithalkedpoesdotipdentidie. schenthulirpackadeior gackage stackber of

%gglggﬁ %ie?%gg ey Magk s1e9§r9d RIS RREIIS SBrOU WG BRI 0RIRd in
an are accessed.
contact with the signal terminals 444 through the solder mask 450, and solder balls 462 are
formed in contact with the ground terminals 462 through the solder mask 450.

The CSP 400 further includes an encapsulant 465, such as plastic or epoxy,
encapsulating the second conductive layer 406, the integrated circuit die 408, the die attach

adhesive 410, the ground wires 412, and the signal wires 414.



Referring now to FIG. 12, therein is shown an alternative isometric top side
view of the multi-package-to-package stack 1000. The
multi-package-to-package stack 1000 is without a solder mask and shows a
core layer 402" and uses circular-shaped dual row of the solder pads 1002,
1004', Referii09 Gipwhic i Iorofrudiereimtwsasbofon soldemizaticcanptadte view of the first
&%ﬁf&ﬂg El%"s\’tﬁﬁe':zﬁr a{'s?ihyk%ﬁﬂh'&r?ﬁéﬂ"}ﬂnl Jpethod 1300 for manufacturing

an integrated circuit package. The method 1300 includes: a block 1302 of
formin§destipstrare ByFIGrmiirgeactbie ser, o itaingacthrsaghssisentngoanes CSP

YIRS e .cace-iRY fmE3g dfislieppductive, lavehendiie: ¢are layamd 462.
covering the through openinf, and forming a second conductive I%é/ser on the

he .
core 1ayEFBPISoRIE teflidt LoMEivE 18YEY Int RO RO UAR o BEAig AntPth Maving
thearigs contgetinythefirstfaominativedPayer; a block 1304 of bonding an

imegfaﬁ%ﬁe%%ggo‘&i%%@ 3EHRAG SAGHYE, loer ﬁibdtpi]&ﬂ? KM haped dual

opening; a 1306 of forming connections between the m?egrated C|r8U|t
s apldereisdedAd conductive layer; and a block 1308 of encapsulating the
integrategtgirguitslie nerthe CopRAGHORS showdNANRASSERL JAVRRHIORRENB0 in
is excellent thermal dissipation because of direct heat flow from the
fiSteGTarse KR an A e prntet BrRLA BuaRE S To RO giRat apgifpackage
pack29e; &gy apwitheimglkresistancasthrdugipbuiatfeurtinely dive nre(Syaekent 100°
lectrical performance with,very sh ignal pa iest wire bopding over
B e
resistahee iterenpurévedpreri@uy amryetd (Alyare gsedringbovding thefany pad
e QIiRAISI by (TR oexCcatlRntiRrling HNSityhaRRafl g XH0Y isaphiavedy an

with multiple SFeri heral rows, ,s%ﬁ)arate and/or multiplegoower and ground

BB RS a9 O alb v SO (TR BRI EP nadk 18YEF BatHy TEYREFIAR Sondihgfirst
thinandl dghygpackage theofikPmeay e detdinedagingiconventitdabtgse@kity400°.
chnology; TS LSS 19N AsSEmR ‘%%5551"%1'}1 t@? AJPMAAES A N erween
coverlay tape prior to mcﬁdlng and no deflash and solder gfatlng is required.
Partineggiaisd teitpiattislisneard Hitgh ltabdadlpfdievodyd he redeat fogadhe above
g;gg,%@gn with low saw blade cost. While the invention has been
described in conjunction with a specific best mode, it is to be understood that .
many RTETHTARAYY MddificAtoREcihg FamRerRVHPRe apperant fetbyg 1000 in
skilbedh i hei drta dightdr ofriibve dafierag oing < @ss ptidn.eAtaardifiglymiilis-package-to-

intended.to, e ce all such alternatives, modifications, and variations whi
e L B L e R R e e

shdweeirttife cicearnpampadiet&wingackrectddfe. interpreted in an illustrative
and noflimiting ReRESe 11%154@4\65&43 3N !ﬂ&@g E6!1S %r&@s&@@ﬂgrﬁ)tﬁﬁlterminals

circuit package comprising: a substrate including; a core layer having a ,
E¥ GV Bhe Al A vialiproRifEcPe: ) A<t Rt Y8y BRekgng00" are
esfedayely taudringd e theoaghi ape niog,aand @sec dirdaSimehidktive ayer Ditere are
%h‘l?ng%rues la\')yeglrs OP(}%OISI,IIE%}]%(% \tgg(t)gsorggg%%}lvgn@ yg?(r)hnd wire connections between the
integrated circuit dice and the solder balls as would be evident from the above description.
Referring now to FIG. 11, therein is shown an isometric top side view of the multi-
package-to-package stack 1000 in accordance with the present invention. The multi-package-
to-package stack 1000 has an solder mask 1010 having openings through which the terminals

1004 and 1006 are accessed.



the second conductive layer in the through opening and in the vias contacting
the first conductive layer; an integrated circuit die bonded to the second
conductive layer and in the through opening; connections between the
integrated circuit die and the second conductive layer; and an encapsulant
encapRelatmeethevintegrateld cinewdindie sandithe abamegtionsnRtiihepackagew of

e i cla o first e laver | . |
?g;@g}gp%%%a%@[méc‘ﬂ%%eﬁcﬁh?(fdﬁ‘ CoRdyglive %Cifxé%@&%@ﬁ N@ack 1000 s

ground or thermal pad; and the second conductive layer is

foitheed driRlden Midgratedieire dicelie IBded podivrrafdctdfribraed dral row of the
terminals axendingdromdtieosore ayefodu b e RRekaaR Ridclainedit.slaim 1

wherein: the first conductive layer is fo,rmﬁd into terminals Snd a ground or

thermal DA & BR8N Condubtive falet 18 BB TS AR IhtSg Ry ke an
ifie prondedrportackagd thminalsodanaDthterininalsloftHE (st dndsecondbstrate

lve I | ,
?gg%}ge%%g & ?,Vf%r?nﬁi%ﬁﬁlé%}l% §p§§rﬁln%”§ha%§a§ YRIRe RN E}éﬁ‘jﬁ% a first

4."The package as ( wherein: the second cor ve
RpERes Yorimed pitotherpsisalayandy Gietiner dhtesnapgiaee.atig forming a second

conductive layer on the core layer opposite the first conductive layer in the through opening
and in the vias contacting the first conductive layer; a block 1304 of bonding an integrated
circuit die to the second conductive layer and in the through opening; a block 1306 of
forming connections between the integrated circuit die and the second conductive layer; and a
block 1308 of encapsulating the integrated circuit die and the connections.

In the present invention, there is excellent thermal dissipation because of direct heat
flow from the integrated circuit die to a printed circuit board or a lower integrated circuit
package; e.g., low thermal resistance throughout. Further, there is excellent electrical
performance with very short signal paths, direct wire bonding over the terminals by the lined
vias in the pads, and extremely low electrical resistance where pure copper (Cu) and gold
(Au) are used in bonding and in the terminals.

Further, excellent routing density and flexibility is achieved with multiple peripheral
rows, separate and/or multiple power and ground pads/terminals, and without a solder mask
layer being required. An extremely thin and light package profile may be obtained using
conventional assembly technology. This results in low assembly cost with the advantages
that no coverlay tape prior to molding and no deflash and solder plating is required. Further,
due to the thinness, high numbers of die may be created at saw singulation with low saw
blade cost.

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 which fall within the scope of the
included claims. All matters set forth herein or shown in the accompanying drawings are to

be interpreted in an illustrative and non-limiting sense.



further comprising solder balls connected to the terminals in a plurality of
rows. 5. The package as claimed in claim 1 wherein: the first conductive layer
is a ground or thermal pad; the second conductive layer is formed into an
integrated circuit die bonded portion and terminals; and further comprising
soieNDal s CEPN&diadNGEihéSterminals. 6. The package as claimed in
claim 1 wherein the second conductive layer forms blind vias in the vias.

7. Thelpackaf)B Réceralp<i sHicRafiREcFRBYIIA B first conductive layer forms
a pluralitysfrensdideigninals. 8. The package as claimed in claim 1
wherein the flrst S ndu%tlve Iaglehr forms ap Iurall of termlnails havmg at least
one shape frdma rae%eiang‘ilélgsqué?lég §I anaviay p’iaﬁ” eac age as
claimed in claiﬁrslqumﬂmenm}mmglmglacsm«bdeyenaslcmwgﬂattlealgmmh&end

first and SeC%rEgc%QHQHﬁHﬁﬁl%gfer on # %P@l@;ﬁe?%%g@s% AP IRGIAN hyer,
further comprising: a second substrate including:
the second conductive layer in the through opening and in the vias

contacting the first conductive layer;
an integrated circuit die bonded to the second conductive layer and in the through
opening;
connections between the integrated circuit die and the second conductive layer; and

an encapsulant encapsulating the integrated circuit die and the connections.

2. The package as claimed in claim 1 wherein:
the first conductive layer is formed into terminals and a ground or thermal pad; and
the second conductive layer is formed into an integrated circuit die bonded portion

and terminals, the terminals extending from the core layer.

3. The package as claimed in claim 1 wherein:

the first conductive layer is formed into terminals and a ground or thermal pad;

the second conductive layer is formed into an integrated circuit die bonded portion
and terminals; and

the terminals of the first and second conductive layers have a shape of at least one of

square, rectangular, and round.

4. The package as claimed in claim 1 wherein:
the second conductive layer is formed into terminals and a ground or thermal pad; and

further comprising solder balls connected to the terminals in a plurality of rows.

5. The package as claimed in claim 1 wherein:

the first conductive layer is a ground or thermal pad;

the second conductive layer is formed into an integrated circuit die bonded portion
and terminals; and

further comprising solder balls connected to the terminals.



a core layer having a through opening and vias provided therein, a first
conductive layer on the bottom of the core layer covering the through

opening, and a second conductive layer on the top of the core layer, the

second conductive layer in the through opening and in the vias contacting the
first comductiiddayekathesdaondl Gonthotive layen ihahecvidscfodwad ¢tger forms
Isrmivals;amesqnd integrated circuit die bonded to the second conductive

layer of the second substrate and in the through opening thereof; second

connegtions hapginadhedntearie duciicwit dieHadharseaRnddRNEMLINE dAY&s a
of the second substrate; an encapsulant encapsulating the second integrated

RlvceieyRd S e Tmuntly connections; and wherein: the first substrate

includes the fjrst ongl cg %lle% rtﬁecrl% ffprnﬂ .imB t?rlmin %ﬁt@nﬁi J¢

from _t%g corett?j}yga}%gﬁeo%; t 1e |?st and?n[slec\())vng slubsteraltétscarea lE?on(?Ie(:?’r%'/vitﬁrms 4
tHerbpih g oRald fiySizm desticusd s Jtrares retegieati atsnped eaggle. 11,
The package as claimed in claim 10 wherein; the first and second substrates

are bofided blPSAIEAGEDAS YHLIddP aitet DY CHRRILIVE Hamdeiaaty ger at
tambiraiiohelfiesenfd second conductive layer.

10. The package as claimed in claim 1 further comprising:
a second substrate including:
a core layer having a through opening and vias provided therein,
a first conductive layer on the bottom of the core layer covering the through
opening, and
a second conductive layer on the top of the core layer, the second conductive
layer in the through opening and in the vias contacting the first
conductive layer, the second conductive layer in the vias formed into
terminals;
a second integrated circuit die bonded to the second conductive layer of the second
substrate and in the through opening thereof;
second connections bonding the integrated circuit die to the second conductive layer
of the second substrate;
an encapsulant encapsulating the second integrated circuit die and the second
connections; and
wherein:
the first substrate includes the first conductive layer thereof formed into
terminals extending from the core layer thereof;
the first and second substrates are bonded with the terminals of the first and

second substrates electrically connected.

11. The package as claimed in claim 10 wherein:
the first and second substrates are bonded by at least one of solder, solder balls,

conductive adhesive, or a combination thereof.
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