CHIP SCALE PACKAGE WITH OPEN SUBSTRATE TECHNICAL FIELD
The present invention relates generally to semiconductor packages, and
more particularly 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 increasingly
requiring increased miniaturization of integrated circuit packages. At the
same time@%ﬁé%k&ﬁé@é‘%ﬁ@lmg E&?EM%&;% ential for
new products. Semiconductor devices are constructed from a silicon (Si)
or gallium-arsenide (Ga/As) wafer through a process that comprises a
number of deposition, masking, diffusion, etching, and implanting steps.
TECHYa¢ally, fmany individual devices are constructed on the same wafer.
When the devices are separated into individual groups of units, each
takls PSR 18T SAH Rt 8reeitibie in srelsRittiotapackagrswind more
particRR®y RrddnysdRadiRN 2rRiGRMNARYBaRpieragRsa substrate that is
surrounded by a number of lead fingers. Each die has bonding pads that
are then individually connected in a wire bonding operation to the lead
BACKiG®€& A AlRéTassemblies are then packaged by individually
encapsialing e i molded plastc, eppuy, or cramic, bodis: Thedeafler ne
fingers ot frie packages are then processed for attachment 16 a prin e ek
electremicsiilbatd, Gnedypeintlpackagens theguad flahnaulead§@BEN)jntegrated circuit
ackaDey K & -elz-hgm Ft'i\ln%a%@%er hgfsf theaﬁi(i:g gr(ljg ?g‘i)}]/eerl% bs %%d %%ﬁ%lmeg %ssential for
P gadd e which, along Wi e g4 ]fll}llgers, IS expose(f e b package
new phadugeod electrical and thermal characteristics, however, to increase the
ngmber of input/autputs (1/0) for a given body size, it is necessar .
e S R o O S8 PRI o arsenice
(Ga/Afingerter owesten, prhessshbalvidtioi tbred eadh fimgdrdapodecreasedking, diffusion,
. handling problems are encoyntered durin nufacturing. Another type of
et S, Ty B N S R B e same
wafera Pactdl éhanishthvepaddipisdtahded today slibsgaiepTbEusilsstaie thkss the form of
an intg%tatgr(pecricr&wb?t(ﬁ!e on both sides and through vias connecting the patterned
retal. The PLGA package is able to 1 provide relatively high numbers of
|/Dsdulea giverelbanyasiie vidr etl@FMpaitkagbe dies are commonly mounted on a

substrate that is surrounded by a number of lead fingers. Each die has bonding pads that are

then individually connected in a wire bonding operation to the lead fingers and the assemblies
are then packaged by individually encapsulating them in molded plastic, epoxy, or ceramic
bodies. The lead fingers of the packages are then processed for attachment to a printed
circuit board.

One type of package is the quad flat no lead (QFN) package. The QFN package has
the die adhesively bonded to a lead paddle which, along with the lead fingers, is exposed.
The QFN package has good electrical and thermal characteristics, however, to increase the
number of input/outputs (I/O) for a given body size, it is necessary to reduce the width 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



However, a liquid photoimageable (LPI) solder mask must be applied on
both sides of the substrate exposing only the bonding areas. Adhesion
between the LPI solder mask on large metal surfaces is poor, and the
packages consistently have problems passing inspection, especially with

provi({(? %Egtf{?emolﬁ&ff%{ﬁﬁiﬁéﬁ”‘&? 1oRdgifiop ’a@%ﬁ{e%g}fgs KilRd &@tigmeprackage.

resolution tause problems because they atfect bonding pad size.

Howeyrsre igquidighatoppasishiy dfRiarplise natieravenbeiapisidennhask sides of the
substr4yfd %&}%%H‘tﬁh?%ﬁé 98&‘1’1"?1%%9% top and; dhe Ratemds: iqilt’s%ﬂﬁ?%sllﬂ on large

addition, the solder mask layer increases the thermal resistance from the
metal ghiffaecthé e desifctiie Hekd ges wengjsisifie fior eherabidmis igiatits inspection,

especlaPy! R@ﬁ‘ﬁdr%apaetg %%i@ﬁﬁga&gisaﬁ@ger’lm %dﬁh%ﬁ‘, %@H&gﬁlﬁgg uﬂé@%tration and

off-set vias requiring a connection between the via and the land.

resolugefueants torehéesaspbepesthey eflisapivadingaeighsissut Prgher, there is a higher
possiﬂﬁ#@%ﬁgﬁﬁ%@ge}@mtsﬁc@ﬂgﬂfs%t%lﬁmé 0 lHHoRR a6 (LS the top and

solutions to these problems have long eluded those skilled in the art. .
the bogmegtbpéznmimedmwummlwrenﬁﬁ@é&wmvemaéw shevitremal resistance
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substrate by forming a core layer with a'through opening and vias. A firs
the QENrigkage layer is formed on the core layer covering the through opening

g @SLCARPICGAI PV IPNET R LOBREL O 4D CRIR ARV C ARSI Bi&ween the

~ first conductive layer in the through opening and in the vias contacting the
via angricc3Rductive layer. An integrated circuit die is bonded to the second

CRuse YRR IR TrAUEh ORRBING (e ANMREYINS AR IPARGs have not
between the integrated circuit die and the second conductive layer, and

taughtis siggrsirshdcenluginasadndeentrletions trdhsseapeblaredhaysslong eluded
those BrgikgdpRviges 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. B%@Wﬁwl%g%cwmt to those skilled
in the art from a reading of the tollowing detailed description when taken
gﬁ%ﬁ%gg%%ﬁ?&?gna%%gw gsn)éi ”r%e‘?ﬂ%ﬁ’i?&s 'mzarl?u%llgtﬁr%gsa%%ﬁ%r%{gd 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.



FIG. | is a cross-sectional side view of one embodiment of a
thermally/electrically enhanced super thin die up chip scale package in
accordance with the present invention; FIG. 2 is an isometric bottom side
view of the structure of FIG. | including an encapsulant; FIG. 3 is an

isometric topsidgﬂ@y gﬁ@@ﬁfﬁ’ﬁ%f@ SERRE YPRUNRENcCapsulant;

FIG. 4 is a cross-sectional side view of an embodiment of a

thermajlylelectcallyc GMMRRAGERES LR AL B4 M LY Q)F%?Jﬁe%ﬁ_@eg?earically

accordance with the present invention; FIG. 5 is an isometric top side
enhangpslpuites fivist dendudiive talpepaskres iMaqeradanes snthsthepreischbtiyamtion;

SiiRaview oL INGSHILHY & At SHCsiddNGUdIng Al shaarstiBRtatd Soldefuding an

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

S¢alE. BASKAGSMLA & %B@&&%WWL%%&f&?mql%itﬂ)@t_ﬁli%lf%apsulant;

view of a package-to-package stack in accordance with an additiona ‘
emiSbdinierit efatfespetionnlt idention: Hia@n roodipiens of & thermally/electrically

enhanQ¥URRFYAGRHORAGKERS SIARKIAREEOIHARCS W ATHITRRE BRdIvER on;

of the present invention; FIG. | I'is an isometric top side view of the
strlieturéssmAfemeigiap sifleptRonar soisteondartiradnyer 9 Bivisbmetric

topgidesviewPfitbmatichyigat Kl %{%Wimoﬂ{eas%ﬁl%?éﬁ@@fil@“q FilGluding an
13 shows a method of manufacturing an integrated circuit package. BEST
encappBPRIEDREARRYING OUT THE INVENTION Referring now to FIG. 1,

therginyis %r%ﬁ 959&156?%9&9{9%%51'9?%E%@Wﬁg@%ﬁﬂﬁ%&ﬁ%ual rows of
_thermally/electrically enhanced super thin die up chip scale package
termin@d$pP) 100 in accordance with the present invention. The CSP 100

incledRs @.Ccarsyiayar-hi?soavndc fesh aansdugivestayrt 1441804 Lof terminals;

second conductive layer 106 on opposite sides. The core layer 102 can
bEnShitohaiftivel maiesispssuthnisiasenhsickhin asrogiaaes with an additional

embodRiSAAIFIMIdG tdazine«Ribhresin), epoxy laminate, or polyinride and the
first and second conductive layers 104 and 106 can be of conductive

mighirs 1 Sitheakianufirfuf {Hrpackppsta ek 2ottt (pAgeogdance 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).



An integrated circuit die 108 is bonded with a die attach adhesive 110 to
the second conductive layer 106. The die attach adhesive 110 may be of
thermally and/or electrically conductive or non-conductive material such
as epoxy or glass. This increases the thermal dissipation capability of the

PrERERLAVERIORC DGRBS SHGH U HIE L8R 15 GONMARIRHA PY 19T ABEL second

wires 112 and signal wires 114 to the second conductive layer 106. The

condugtpignia e igharviiestiach adbicsiv drddoneydie condaomd ymeéialslegrically
conduRIVDIBH o £RBRGE AV I T LG 59%?5699%?' aadsegiergin iR definetermal

~as aplane parallel to the conventional plane or surface of the integrated
dissipgitenieafiabileyartibe pissors dricantagion Tipéntegnatoderiicait disfépS 4o gonnected by

groungi(ﬁf‘yg N12eiRG @?g wlagiadhg hesigantal gsd %859&5%\?@1&@{ rﬂ%ﬁ%‘ﬂ} @Pound and
"on", "above", "below", "bottom", "top", "over", and "under", are defined

signal\yirepekirettdd IHearh orfi sBehal Qi ve Hécile Whriduaissmb tiemper, or gold.
NHMEQYs SRESHAAPIAIS 8 IIVER {0 RgYide &a harRyGhAHafgs %fé%@ﬂgemional

of the invention. However, it will apparent that the invention may _
plane getitase afitheunterrated secHic detansardlesdef e aveniaspscutimgtena “vertical”
refers I%?§e(ﬁ1}é'@%{8£‘té%peﬁ9{8&é’¥%'kﬁ@w&%@%g}]%ig&éﬁﬂ%.s FARIOGRSS as “on”,

steps are not disclosed in detail. Likewise, the drawings showin
“abovembbalatents kAttAB InvéABon AN Sermididgdeamatie dettretbitdlsagspect to the
horizd4l- faticularly, some of the dimensions are for the clarity of presentation

and are shown greatly exaggerated in the FIGs. In addition, where .

mitifie dphloaditEeAescattiQlisclbseeiitd thssHibelsRHvirges g Tetupsavide a

thoro B RRARIAN R S iReaRcaask. Oofilvsationy Anshpeseimtiantbereat ke may be
features one to another will ordinarily be described with like reference

practigishigiirutriiestemrepio dsiaily " BsUdet Reremidindisaeinadpp sirsamfinvention,

some WAL Wh PRt esh s RAHBHIIRE BYRQSY FersioneRpnaaiiostahingetail.
cleaning, and/or removal of the material or photoresist as required in

fokkRTg e dOSHBRENSHrshevr carebedi Al i HasHieB it OpEAingrammatic

and ndld f@'af@ﬁﬁ@i,nﬂé&imﬁaiﬂy?g@fﬁdo?ifﬁé' itiendiBBsand BPUeResal of presentation
perimeter openings or vias 122 surrounding the central opening 120. The

and argetheRinopeathgeroaearticthen phsifdéter Tiaddspmdiaecnroligirtrmbegtunents are
disclolResnk0desTRB I S ¢RIV EIANRELOACISRIREE S5 €1ER FPURPAe WIdIRTstration

thermal pad 130 surrounded by terminals 132. The ground or thermal pad
and dgsgyipfipiedhiiedelitralesieisngnot mntibesordligrdingady disqdereribed with like
referelREMNAlS 132 close the perimeter vias 122 in the core layer 102. The

second conductive layer 106 is processed to form ground or thermal

teFhfid&I& “processing” as used herein includes deposition of material or photoresist,
patterning, exposure, development, etching, cleaning, and/or removal of the material or
photoresist as required in forming a described structure.

The core layer 102 has a central opening 120 for containing the integrated circuit die
108 and a number of perimeter openings or vias 122 surrounding the central opening 120.
The central opening 120 and the perimeter vias 122 extend through the core layer 102.

The first conductive layer 104 is processed to form a ground or thermal pad 130
surrounded by terminals 132. The ground or thermal pad 130 closes the central opening 120
in the core layer 102, and the terminals 132 close the perimeter vias 122 in the core layer 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
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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 4 or thermal pad 130 of the first
conductive layer 104. The ground or thermal terminals 140 further have

or theARANGIICHRE GFOHOHRY iAW rlia?ilrg YNy ?go]akﬁ e RInAeGrhifals 140

signal wires 114 are bonded to the Signal terminals 142. The signal

furtherdryinalsendzcding atptndugh 1H¢ pevihiehegroiard 1ppcn the asereordask 10z signal
wires P RGADRAFGELYHD NG IS IENRRIR L Of the first conductive layer 104.
by .

ile the perimeter vias 122 and the central opening 120 extend through
thEheotignal &rmomlshiddigrtsne tmpial tha panddise Yeourd on thereaed layer 102

to be HFUBMA AHHEHRGIMAMALSE08F TRE RREAIAR LB WEE 108! HPRGAL S imeter

or "blind vias" so the openings effectively do not extend through the core

vias 1/8pd O THerasepsniasdr2drinirndtireugintheliniadtesptobldhessiatatdgrminals
142 alRMARCBARIGA! SPYHRANST RYREhAdIUY QAR QREPIRR INAFGRP Sgégﬁgs_ to provide

cracking problems. In the present embodiment, no solder mask layer is
“blindregnareinzst 9he RBpdan@ottothe Ry ey sféerraslitsdmoéeateadbeyah the core
layer PgIween the encapsulating material and the layers. This in turn means

there is less moisture uptake. Further, because of the blind vias, there is

nd efraee afdrserdiptingelthsroiag e boninatestarnbiasdietidiie meghareal routed
or purBERAIAIRA S GYIL G é&%tiéﬂ%dﬁ@&%ﬁaﬁﬁ% lﬁfcﬁﬁaﬁ?&t pads (not shown) on

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

bémdael Present smbrsitapihécineldaedarkelayabsursarirsd as ien iy and bottom

layersPIRBIGMOFEREXYn BRERPSMALIRE thewesrnd %Miﬁﬁﬂ%ﬁﬁﬁ&g@ theRl the layers.
integrated circuit die 108, the die attach adhesive 110, the ground wires

This infprimAgape BRjRdP WAPe MPIUR RISy howher Aresapsepirtip MisAoias. there is

no dirB&t iSOG RORAR Hikde Miaw @t he6reRd tHQuit Aggreynd or thermal pad
130 and the terminals 132 are shown raised. In the present invention, it

RS HEeHHREGVEEAiRHR intHa P heeatsf 606 BRgSrGIATEGHM on its top

surfacdh® SRR HAYEEHRAdINREME SHHRas: Merntwigld and.sokigidaint reliability.
Further, solder formation is improved around the vertical sides of the

tebhfin&ISPL3POREfE g IRBWIRS FItS. canstiits Sbwivedh Asorlgfiic or epoxy,

encapt@Rside viewWeebiieoriciRe withoLighgencapaitantidal: dieltieataied attach
circuit die 108 is shown surrounded by the ground ring 144 and by the

adhesiyg | Prdhngiarng aoresnd &rath 6 iigaa 1915l be bonded any

Referring now to FIG. 2, therein is shown an isometric bottom side view of the CSP
100. The ground or thermal pad 130 and the terminals 132 are shown raised. In the present
invention, it has been discovered that terminals 132, which extend or protrude from the core
layer 102, improve surface mount yield and solder joint reliability. Further, solder formation
is improved around the vertical sides of the terminals 132.

Referring now to FIG. 3, therein is shown an isometric topside view of the CSP 100
without the encapsulant 150. The integrated circuit die 108 is shown surrounded by the
ground ring 144 and by the signal terminals 142. The ground wires 112 may be bonded any
place along the ground ring 144 thereby increasing 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 an
embodiment of a thermally/electrically enhanced super thin die down CSP 400. The CSP

400 includes a core layer 402 having a first conductive layer 404 and a second conductive
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place along the ground ring 144 thereby increasing 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 an embodiment of a
thermally/electrically enhanced super thin die down CSP 400. The CSP

layer QFQQ B?P'&Cigﬁo}%‘ecﬁﬁ%éaﬁf‘ﬁ%Ac%?ehﬁ\jl%}%@i'%CBQ%UEHM%@M%M%‘ I%Q({)%ﬁal such as

second uctive 5 layer 406 on opposite sides. The core layer 402 can
such gsethimearectlatsctiRiemalaenidesiittiias resich, 2pekin lesragfasy polyimide and the

first ARSNRIGINIAGHiRZI0E rlﬁl%?l’ 8P} MRNAEPHROMIMISSIAA N dIESL such as

“and second conductive layers 404 and 406 can be of conductive metals
alumigyieh eePPElRTigAld; copper, or gold. An integrated circuit die 408 is

bgﬁpﬁge\éﬁiﬁrﬂeﬂ gife Aach AESHis AL IRENE RECARUH CRADLGTIVE @X@ ';tlhe second

406. The die attach adhesive 410 may be of thermally and/or electrically

conduggiigldeyiveonohbeotidritied mditesiad SUéhmagyehfory tegraly Taglor electrically
condd&ﬁ@g@%@&E&H&El&é%ﬁiﬁ?&ﬁ@%@%ﬁxﬁr&“ s‘é(ir?ﬁedfilr@e@the_ﬁigﬂ?hit die 408

wires 414 to the second conductive layer 406. The ground and signa

is conipesedatiy giiqush wisee bt hid igsadurhicastatttaimiceonshepndpefing. layer 406.
The gld¥RFR QYRI40Z:0a3 2 £RTal %%FH&%%QL@%EH'&?A‘[[&BQEQ?J RigARE gold.

circuit die 408 and a number of perimeter openings or vias

sUe sRErg e Oeritral bprifiah w2oing Hé G &t carbpaHiaghedotag@gskcircuit die
408 aRETIMEIELYIAS 44 Sxtend i aieihe o8 Jayar sz dh e irst endistiMae 420.

layer 404 closes the central opening 420 and the perimeter vias 422 in

The ceparal reeripar40 2nd hcroermael G roand o enisiAdnipaghthe cse daer 402.
COAURHVE LRYRIL A0S 15y BrofRSSRALO (RN gy BPR P02l 1 TN Simeter vias

440 and 442 with a number of signal terminals 444 in between. The

422 inghs pryolerrartal ardrinmarsaarowdendhairertigidhe central opening 420
offthe REnPYSAARAT 18y@ a@qunfoQstharmaldpadAdenin soRiaghHYRrminals

the first conductive layer 404. This means that no additional processes or

440 apchiiamith AeBUREE O sigmtb i enatatkthBKBIIR sbunthe Sranadyer thermal
termirthg @ﬂ@%@eﬁﬂﬂ?@éﬂ%ﬂ{ teenainalsl 4 extenththraHg bdhe RRYMEIaH form a ground

openings or vias 422 to form blind vias in contact with the first conductive

or thagpal ned 4¢GviinatssiBet Hithe FifodistroAN iR dstiréGthat, Thiferds that no

additicRNApevadayesdddhisrRatiamnadqiieareind onifsrmabliedineisiddde ground.
can be used as si&nal terminals. The integrated circuit die 408 is die down

Similgshy 4he &Horadmntissads HHEAHdaratend e hdbe P EIMACIPRHENES O Vias
422 ttheosrewIHhIVives 4h2 nehthesstanaloviies 434ReiPonged 404. 1t will also be

understood from this disclosure that, if the first conductive layer 404 is patterned, the ground
or thermal terminals 442 can be used as signal terminals.

The integrated circuit die 408 is die down because of contact pads on its top surface,
which faces down, to which the ground wires 412 and the signal wires 414 are bonded.

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 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.



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

WIHADE QIR 15TFHals AfeUHoNah e SAIOREMARK 450 51 rxP 0 first

further inCludes an encapsulant 465, such as plastic or epoxy,
condugHrassbtmig e asdbemtoraddudhornalpadioe, the integrated circuit die

4%%%%%%&?@8%@%‘?%%%‘1‘14% 6 HUHNEMIES S ANL L FAPr the CSP

wires 414. 6 Referring now to FIG. 5, therein is shown an isometric top

400 skosangdbe sneapsiiant déadthaivaldsulmerditd ADanskthises etsubal bripe AndH62.

Pag REGIEMPROW BIG!Gr, GhiRGIER ISH3NAMD BEHSAMELIC BPUTTFIOR) having
view of the CSP 400 showing the encapsulant 465, the solder mask 450,

rectangp s ansid ppansvaed rainah. 7 @eferring now to FIG. 7, therein is
SR P ARMY RN theRid 40 War%@?%ﬂ%m%ﬂﬁﬂﬁ%ﬁ%d dual

of terminals 702. Referring now to FIG. 8, therein is shown a CSP 80
rows pfzfgimeiate 3d-shaped dual rows of terminals 802. Referring now to FIG.

IRBIRIBILISSHOWD RRRCkagRdRIRaRKAEGIAGK SRR {Pe AEGRIGABEEIER 900 in
an additional embodiment of the present invention. The

accorgasRraibranpltditigealstatio douenl Al e sreseatipheatienfol Bagackpge-to-package
stack S9RBlaRAtoR iBeludes AL rackage JO0xpitagked %R{&@é&;@@ﬁ package 100

mounted to a modified version of the CSP package 400'. The first

stackedopiypdivarfage momirddpor sxadifed Ysrrira ebhedr dPaashagethdmal pad
992 rRurmadegverdecrinals $PdkcE e ¢8R araunh os gAY dadd99ad 902

is separated by an insulator ring 906 from the terminals 904. A solder

surrouledh oy deranirds B9 bonbhthesivse! BrEMe R thijelrl padPiie i sppaptpd by an

insulaterthe frabeonarcive tayamaRAgitheCRItatP PasttNere e QMer¥sd the first
ways for making various S|gl]nal and ground wire connections between the
t

condugixg ke difdutfciee GRE th¥0sdRIEhh ANE! £ONBISHYBdRGIIERT FRENEhGESP 400°.
ThereaROMRIAGSEIRIN, RefRifing oWt S ndDatlesahiia seWlofinections between

_multi-package-to-package stack 1000 in accordance with a further
the indggpRaineiiet tHieprasenthinnitden. brHe srumrpddkigeudppicikige the above

descriptasik 1000 by way of example and for ease of explanation includes a

modified CSP packages 400' on top of a modified CSP package 400". )
Referring now to FIG. 10, therein is shown a multi-package-to-package stack 1000 in

accordance with a further embodiment of the present invention. The multi-package-to-
package stack 1000 by way of example and for ease of explanation includes a modified CSP
packages 400’ on top of a modified CSP package 400”.

The first conductive layer 404 of the CSP package 400 is processed to form terminals
1002, 1004, and 1006. The solder balls 460 and 462 of the CSP package 400’ are
respectively ball-bonded to the terminals 1004 and 1006 of the CSP package 400”. There are
numerous ways for making various signal and ground 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 first conductive layer 404 of the CSP package 400" is processed to
form terminals 1002, 1004, and 1006. The solder balls 460 and 462 of the
CSP package 400" are respectively ball-bonded to the terminals 1004 and
1006 of the CSP package 400". There are numerous ways for making

VRIQUSiRIBRSAEGEOUNA WiR CORNGRNANS PERVERR J0SHEIIRH Sl Whew of

dice and the solder balls as would be evident from the above description.

the nutenitigsoi- wriael stagkerifls showmantismviaic topaitiessieads 1000 is
withoHQ Wik m%@@g@%éﬁ%&mﬁg AR A S PR Eﬁﬁﬁ?&& of the

invention. The multi-package- to-package stack 1000 has an solder mas

soldermly Haling! 8pénities kAP6UGKhivhiDrotedrephiiviand feoen dendalbomntaes.
ﬂ%‘f@ﬁﬁ&d nb RIS '1@‘,"'&%5&9-1_}%11%\%62{‘ IREhONVR 7D aﬂ&?rﬁf’a&il\(ﬁa(ﬁuring an

isometric top side view of the multi-package-to-package stack 1000. The

integrptefticpaeitarekeepackgmetaedk 138DIRelwdasoattdoss|déPmak koaminghpspbstrate
by fo%%?%% layen4n2, AhHRes HIGHA shangd Aualirunahie S 9ERE RBffing a first

)02', 1004', and 1006', which protrude outward for solder ball contact.
conduRigferini§hew therrare1 BygieraieisIshbwilaanghhepense fnd forming a second

condu'ai'i%ulf%ﬁ,llu oR gh%rb(jfngélt%fgs%@ttﬂémnﬁlﬂgtm@m?& IR0 ﬂﬁl&ﬁjgﬁrc' opening

a block 1302 of forming a substrate by forming a core layer, forming a

and inHhSUYASOREHASH Hh Eh¢iBssiremslegiiec At farbhpsy AFMotbaadiag /an integrated
circuilYRr RN e SRR PYBhEMBHNGIRe HH@@HHW%%I%}% JOHBING Block 1306 of
S

second conductive layer on the core layer opposite the first conductive

forming anpegiio R RATYRBIEAMEHAG I HHabidis abhihetisgombamdudhgdatice and a
block [P0 BlesksiBeh ofiRandipg.RA ENegraiRd TRt &igdo g second

conductive layer and in the through ci%enmg; a block 1306 of formin% .
comie meers HeivsH ket hste grataaetiratifharaahdisrip b hecaptrdatdigsct heat

flow 1RMErHRNtha gPlRck SRQf Afiensappuatingthainirarated sitewtdiapddhe circuit
connections. In the present invention, there is excellent thermal

packaggssf@tiolt Betitigelof thitentredbraestiortm thertheegrheas dircnedleno gectrical
perforPiHHEGHE W ROMTHAS Sl WehN e RIS QIS iHIRACKRAI R E BB by the lined

thermal resistance throughout. Further, there is excellent electrical

vias ip AP RAdH RN TRRFIhION TR FRlRSS RREE WiRETBdHHIMECBVEF (et and gold

(Au) dRTTYERlS By i@ dined iYide Rifimpads, and extremely low electrical
resistance where pure copper (Cu) and gold (An) are used in bondin

ahTHheteFFRARO B IERsEX N Herdbiity Hetditg aA kB peripheral
rows, 36PieNMechMdIBrHItRIe RRFRTEIA FRNRISSRRIRISANAL0 L RILIRIS ROV@ der mask

layer %Qlcrilgg rr%lcilr;ge%?d%}legggr%%?ﬂya?ﬁrw grrl]((i) lfitg?ltsgell%l%grg 6E)Sri(()ﬁle 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.



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

THE INRASSS16KPUTNES ¢ die may be created at saw singulation with low

saw blade cost. While the invention has been described in conjunction
with a speeifigHdasiimredaritisriie: he Hﬁé{ﬁ%’iéﬁ%gﬂﬁtm@% MBS
modifications, and variations will be apparent to those skilled in the art in
lidAEBIkE SBigtsiier BisdREintion. Accordingly, it is intended to embrace
all such gtarmativessanadifications, and variations which fall within the
scope of the _included claims. All matters set forth herein or shown in the

accompiRiATRedr atgd arsningrnhidap st fP% WS&rative and
non-limitingrsense. Gt HEAMNENT IQNCLAIMERIR: layRrmeiiaehef the through

manufacturing an integrated circuit package comprising: forming a
substrate inclu@Rfg!#8€rming a core layer; forming a through opening and

vias in theraaAg layeectaianisthauldist CaRguCtbe tByeEqs theGoIshlRNek the first
covering the through opening; forming a second conductive layer on the

core layer oppSSREUREVArLYebrlit ciRradysmnens e bg St thgdhrough

formed in the tyuel) aRERMRaN ifothecvias emiasthogdhailitstayer;
conductive layer; bonding an integrated circuit die o the second

cORBEALRANPE LAY rF e Hnfdudh IpErfngd rorRdhE ¥6riAYetaRg in the through
betweendifinéegrated circuit die and the second conductive layer; and
encapsulating the integrated circuit die and the connections, 2. The )

S SRR ISR WG s erateimr ey ks epddheirs agesonductive
into terminals andl a ground or thermal pad, the terminals extending out
from the core layer; and forming.the second conductive layer into an

intAgRRTEH K it dIitsEHEE BoHicte AR the connections.

2. The method as claimed in claim 1 wherein:

forming the first conductive layer into terminals and a ground or thermal pad, the
terminals extending out from the core layer; and

forming the second conductive layer into an integrated circuit die bonded portion and

terminals.

3. The method as claimed in claim 1 wherein:

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

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

forming the terminals of the first and second conductive layers to have a shape of at

least one of square, rectangular, and round.

4. The method as claimed in claim 1 wherein:
forming the second conductive layer into terminals and a ground or thermal pad; and
further comprising:

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

5. The method as claimed in claim 1 wherein:
forming the first conductive layer forms a ground or thermal pad;

9



terminals. 3. The method as claimed in claim | wherein: forming the first

conductive layer into terminals and a ground or thermal pad; forming the
second conductive layer into an integrated circuit die bonded portion and
terminals; and forming the terminals of the first and second conductive

layGiie 'ﬂ?e"?e@o%*&ac%%&ﬁ&Réﬁ%?épiﬁ?ooiéﬂﬂ%ﬁatéﬁ%ﬁ‘%? I BELEAYRHion and

4. The method as claimed in claim | wherein: forming the second
conductiteenayelsinmsiterminals and a ground or thermal pad; and further
cq{mp{gi%ﬁqmﬂ g solder balls connected to the terminals in a plurality of
rows. 5. The method as claimed in claim | wherein: forming the first
copiiat/eoldgepstpraenacsied el e therialpad; 9 forming the second
conductive layer into an integrated circuit die bonded portion and

ttminald;hgnBrsthedercsiBRING: tiing BSOS HANEBA HEetserfigheonductive

layer I6FANNAIRA Qi5NA MAEhRd as claimed in claim | wherein forming the second
conductive layer forms blind vias in the vias. 7. The method as claimed in

chaim | wheseir derming: tienfisshcenductivenaver ammscamiurality Sfdawmse layer

of terminals. 8. The method as claimed in claim | wherein forming the first
forms QRIS R iSrality of terminals having at least one shape
from a rectangle, square, and circle..9. The methad as claimed in clajm |
fithor coMBIRTROIY A S IDE kOB B TEHSP B of e SPLpBpe laver
formsseglongliopoductiiadRyervihQ.al hasneibotaps dlammettitaakdbnsyliait)and circle.
comprising: forming a second substrate including: forming a core layer;
fdrming &lihrowdgioopenitajnastdiniakim thefodier layemricimgingranfirsta solder mask

over £ PARHSIE ISR NG BOUAM AL R Gal G iyer covering the

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

second substrates electrically connected.
10



through opening; forming a second conductive layer on the top of the core
layer, the second conductive layer formed in the through opening and in
the vias contacting the first conductive layer, the second conductive layer
in the vias formed into terminals; bonding a second integrated circuit die

toyihe seppnd, cIAUCIMGIRVE IPLIRR SOAQRG  Fybstrate and in the through

opening thereof; forming second connections bonding the integrated
cibeuidigie thethersfe @b dsasondustivairigertor welsesiondesbssrddsr, solder balls,

encapsulafingine. serenddniearalash Glisks die apg the second

connections; and wherein: forming the first substrate includes the first

cqrductixg, ﬁy@grglg&{%%{g{ma{ggocgm@ﬁ% extending from the core
ubs

layer thereof; forming the first and second substrates are bonded with the
termibgistsrinstidiggand second substrates electrically connected. 10 11.

The me@@&@%?@iﬂﬁ%@ﬂﬁiﬂh d%@ﬁﬁ?é%lﬁ%%'}ﬁd@ﬁiéﬁ%@t@%?econd
substrates by at least one of solder, solder balls, conductive adhesive, or

a combifAdtishcanshediva lmyananidgreEdleYiiippeirade coiopsispryniae:

substratg {pehHdinendeRIR LMSENGY NG BotRraNeh aRRRIRGRN A iadnductive layer,
provided therein; first conductive layer on the core layer covering the

through opening® seeoit conbtiveltagerpritpdiionelaparppouit thehe vias

first conductivec@yggﬁﬁg%qggpgoggﬁgg@éiy%@yer in the through opening
and in the vias contacting the first conductive layer; an integrated circuit

dRM 0B T8 M HRPepterlitavaqairsPahgRdnerivi iyt dpskiinge through
connecti%r;@lti%tyveen the integrated circuit die and the second conductive
layer; and an encapsulant encapsulatin%‘ithe integrated circuit die and the

cORRBEEHSTS, beswerithadnsgreied eisiHibd crremhihy fecanksanductive layer; and

an encapsulant encapsulating the integrated circuit die and the connections.

13. The package as claimed in claim 12 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.

14. The package as claimed in claim 12 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.

15. The package as claimed in claim 12 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.

16. The package as claimed in claim 12 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

11



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. 14. The package as claimed in claim 12 wherein: the first
cqggﬂ&tiy&ﬂg}ﬁgfdngormed into terminals and a ground or thermal pad; the
second conductive layer is formed into an integrated circuit die bonded
poelider badld eenneatad tater teemeralinals of the first and second
conductive layers have a shape of at least one of square, rectangular,

ahd: rounidhel Badiighaskelgingd dmishaanid 21amhennwihereasotide sucighve layer

formsBMRUSHVE ] ayer issformed into terminals and a ground or thermal pad,;
and further comprising: solder balls connected to the terminals in a

plgality ‘Pfléciyé@kaé@-ageﬁﬂ%ﬂ(ﬁg@lzﬁﬁlcﬁiW%é&%mr%ecm@ﬂﬂétn@er forms a

first conductive layer is a ground or thermal pad; the second conductive
pluralify af 1o WS i def iR n integrated circuit die bonded portion and terminals;
and further comprising: solder halls conpected to the terminals. 17. The
pa\gkage CHRARKRRF i SRR DA 1hE é‘?&BﬁB%’fﬁ&ﬁ%ﬁ Wefiyffayer forms a
pluralfgrmsiglincsiabavitbaMest be Sheppaakagaasalanaghindlaiiclzle.

wherein the first conductive layer forms a plurality of rows of terminals.

120The packagkaas akaimaaddd clailkaih2l Wiendinr teeninstiogrdsidiive daaskrover at
feast JRTP R Pralty of srunals havingat least one shape from a rectangle,

square, and circle. 0 The packageyas‘claimed in claim 12 further

cgmprising a solder mask.over.at [leas e of the first and second
et S A S e
cermprisihgubatsgecomdwslimstrate including: a core layer having a through

opening and.v iﬁﬁepﬁ%‘@l d %‘?r%r%li SR SANUSLY B NGE LI ENG Rottom
of the core(iaye covering the th ugR

a first conductive layer on the bottom of the core layer covering the through
opening;

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.

12



opening; 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

C@QF’UC“’fﬁég}éd : Jhe SaEANFSURRHALE Rd U, the through opening

thereof; sec nnections bonding the integrated circuit die to the
séeodttorleacenthyebstntbie ascborisdbatrateleast emeapEsielder, solder balls,
encapsulgfing e sareaddniparasam ciretih dieep 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. 12 22. The package as

claimed in claim 21 wherein: the first and second substrates are bonded

by at least one of solder, solder balls, conductive adhesive, or a

combination thereof. 13
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