INTEGRATED CIRCUIT 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, higher performance and lower cost have become essential
for new products. IRTERPRAYGID CAYICE IR CNREHTI TP PENIOBSPR orPallium-arsenide
(Ga/As) wafer through a process that comprises a number of deposition, masking, diffusion, etching, and
implanting steps. Usually many individual devices are constructed on the same wafer. When the devices
are separated into individual groups of units, each takes the form of an integrated circuit die. 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 are then individually connected in a wire
bonding operation to the lead fingers and th&E(sHéiibhed'BibPhen 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 phihteE eIt o8 relapheeppalbl fackepiesdidoguertrcho AdOEN) package.
The QFN pagka@aRas thesie-adhesivgly-Rondsdigpadleadradsie 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. HowayatarlagNpeawigth of the lead fingers is decreased,
handling problems are encountered during manufacturing. Another type of package is the plastic land
grid array (PLGA) imwpictuatdiads bonided éanapaddleandhbeepadcimisshnndeshtbsasudistrate. The
substrate has patterned e%al on.both sid?s and through via conntec:tin thefpa%ternte metatl. The PLGA
package is able to provide Tatativaly HgASABere 5r BOE Tl REVEHBOR) SZa 6 e GER backage.
However, a lippskhptrotdiftagealiblke (P hihldepenierskanta sindd appli@dtdr otheside s ot ttiel Sabstrate
exposing only, fhe,ppnding areas. Adhesion between the LPI solder mask on large metal surfaces is poor,
and the packages consistently have problems passing inspection, especially with regard to moisture
resistance. In additidFSORIVFIa sk Ysgis st SR HECtES ofiifb ricatisen (bl ePhsBH RSB TAKY affect
bonding pad gkzeAHurtier tiheighis prbighianpassipilitysaf waipagss mposi@yemidhahgaldeisioask volume or
thickness betvyeilen the(lt[o qnq.thetbotmﬁ islpot balanc(:ied.dln1 dition?i the scgldetr mas} Iasyer increases
the thermal résistancée om én(%nslpe% t 3u6r|?4’tgltfl Aréiitboar ?\élscleﬁtlﬁa SROntenor nerr%ai“&%sipation
compared to weQPNhpadkadgices are separated into individual groups of units, each takes the form of

an integrated circuit die.

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 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.



Further, the PLGA package requires off-set vias requiring a connection between the via and the land.
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 of manufacturing an
integrated cirthit Qadkpgddpahinciudé sidarimhgnd substibtdihatdrigliasdsyviorming amcersclalyer, forming
vias in the co [ i Cliy ing.a pr rmi ickne e core layer
and having ségré?é\éri?afll %W{%@ﬁeg gfgzg(t%jra f\g%e%%t\ﬁﬁigl?r%sg%{ﬁgg\%gf {agln%g ocr%%wggﬁﬁnggéé%ns between
an integratedi@ifclinggie antothasesnaativevageread fimgrasprEoatsy iy sthgonhsrovdesfdhdantedrated circuit

package thatfipglidRsi-arsiRatialfdnclysling: A cae-lavanhadawasRiRyidegitderein; a conductive layer
having a predetermined thickness on the core Iahgr and havin, substantial&twice the predetermined

thickness in the via® S SRR EdPHIRE dVePInEaslipsites Sha EBhHEHORShatNERA Hi§ itegrated
circuit die antidhded¢onaypedivie lagdehe pad@eitdiondadhodimbsitstafl e nbemiiohdgaaotihe mstaps or

elements in abddgt&ﬁpt or H?lﬁl ceof those m r};[iogﬂ quved nglstﬁgs r Aem ts wil ]Qgg me
apparent to thgse_: sksﬂ%d_?n the 'gl%l?r\grﬁ aOPeg(%fné o? %ae ?o_%wl}lng detaﬁe%ges ar‘%%gﬁl\?v en taken with
reference to eVt ophpaislingi eraiimgsr sBH| HOD ES CREPFIOP O PSR P BRAVING gackageG. 1 is a

cross-sectionghside,vigw Rk O promPAIUPRNT P AstigsMmalalrctricaly gahancesdsyuaey dhiteie up chip
scale package in accordance with the present invention. FIG. 2 is an isometric bottom side view of the

structure of FIESSA R AtRANGRAeh s andhe #res 3 e rtorriYAe Hlsstdd SR JRerle Lidtstire of FIG. 1
without an encapbulafitcds|G. gbig,aaaiods Jectional sidei viavyohar enobtainendsofeaithpeonally/electrically

especially with regard to moisture resistance. In addition, solder mask registration and
resolution cause problems because they affect bonding pad size. Further, there is a higher
possibility of warpage in the event that solder mask volume or thickness between the top and
the bottom is not balanced. In addition, the solder mask layer increases the thermal resistance
from the chip to the printed circuit board resulting in inferior thermal dissipation compared to
the QFN package.

Further, the PLGA package requires off-set vias requiring a connection between the
via and the land.

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 of manufacturing an integrated circuit
package that includes: forming a substrate that includes: forming a core layer, forming vias in
the core layer, and forming a conductive layer having a predetermined thickness on the core
layer and having substantially twice the predetermined thickness in the vias; and forming
connections between an integrated circuit die and the conductive layer.

The present invention provides an integrated circuit package that includes: a substrate
including a core layer having vias provided therein; a conductive layer having a

predetermined thickness on the core layer and having substantially twice the predetermined



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 layer of FIG. 4. FIG. 6 is an isometric bottom side view of the
structure of FIG. 4 including an 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-shapédctioak romBeof iter minalegklted Bitsudt wiew e aytackegerid qackagastackdmabeordance with
an adqlitional i%@%?gt%mﬁr?ﬁf?m@?uﬁrﬁl%e&g}i&h‘é‘ﬁgg‘i’%}/ . FIG. 1Q is a \_/iew of a muIti-packag_e-to-paf:kage
stack in accordance with a further embodiment of the present invention. FIG. 11 is an isometric top
side view of the strdcttigshm@imentyioh e Bptisieal lkyielethaiaties PIGlenmeids am 4ddivarie Wirside view of

the structure gf.fd 6 h@swithaubasaldre MasksEpGorkieahaws\ineibod gipnanutpgisydngiagiintegrated
circuit package. BEST MODE FOR CARRYING OUT THE INVENTION Referrin? now to FIG. 1,
&

therein is shoWi's ¥JLLRadRHAR ShEGENDY BRELHIBAARERISR A I8 IS MIECHHEEIR @ fthanced
super thin dieh¢pchipscaiegpdakage.(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)B RGP ESORRELGN pdiViRibRAW IN&GHrst and second conductive

layers 104 and 106 can be of conductive metals such as aluminum (Al), copper (Cu), and gold (Au).
FIG. 1 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. 1 including an
encapsulant.

FIG. 3 is an isometric topside view of the structure of FIG. 1 without an encapsulant.

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

FIG. 6 is an isometric bottom side view of the structure of FIG. 4 including an
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 present invention.

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.

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



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 present invention. The
integrated circuit die 108 is connected by ground wires 112 and signal wires 114 to the second conductive
layer 106. The ground and Sijital MOEBEIAQRAOARR Y 1¥6 OBLIGHEGNIIENVEONaterials as aluminum,
copper, or gold. The term "horizontal" as used herein is defined as a plane parallel to the conventional
plane or surface of Brécimtegyracad ©irdlii.die, tegeirdlssshofits dricrsasianoTHesidenyismri€atheefers to a

direction perngidigiiehgr e bRHARNALAS.A! dRfiah TeUs: PUENAS AN iRbAVEIxc el "Dottom”
an

"top", "over", and "under", are defined with respect to the horizontal e. In the following description,
numerous spEii@ AT YRReBBIOVIHY %‘?ﬁﬁro%%?db%f&ﬁ%ﬂf‘d dEthR GEAORY HRRvever, it will
apparent thautheirveaaiaivanayebeoaracdiaedwiithoviidhase speeificcdatailsolitorites toTavaiekobscuring the
present invention, some wel-known, system configurations. and progess stens are ot discloged in detail
Likewise, the d‘fawmgs sIhowmg empodiments of the INvention are semi- |aggram atic and not to scale
and, particuldrigziset®d bfatie) direndionigaiee fopehensidritpbforése ptativnoadd ardushiowaygreatly
exaggerated jp4Rg H&S. N RAditigRihar %%H'ﬂ&%@ﬁﬁ%ﬁﬂ@ﬂf%&ﬂﬁg?ﬁg dreibed having

some features in common, for clarity and ease of illustration and description thereof like features one to
another will ordinarify"HB'efsEra Witiik s &rdrared with difsattachpqbegiyin MY S 8sifgP™ss used
herein includesndepositieyeofl osatEialinr photosasisty patte imiyghexpastiies develapraratieithing,
cleaning, andjor femoval afine maerlal or ehgoreRist asseduired, n iapming 8 desgrbgd sirycture.

The core layer il tllmas a centra]ilopenlng 50%or Corttai mgythe ‘%n%egra ed'Circurt die 108'and a number of
perimeter opdninpsion viasbi stirho wnehieny tinewentr allspatvigngtdd oraihiedee Hifals spamingdR0 and the
perimeter viag,J:42 &xie0q QUGS CRLE 13¥86 Hsecond RS FONGEELYE. IayRr Hahisntocessed to

form a ground or thermal pad 130 surrounded by terminals 132. The ground or thermal pad 130 closes
the central opEHg s ihaARIchb Ayl syl constitHie iBrisale 8B Rigum trepperifictdvias 122 in the
core layer 102. Thetseeonetieondiciivesdayeidif G iscpiraessesl de:fprmmiigravnd ositheartovatterminals

140 surrounded by a number. of signal terminals 142. The ground or thermal terminals 140 extend through
the central oSG T SF (e B R TU5 5 6 e L BB B T B 130 of the
first conductivefdesytsr 4 0ireTthven greoperdliontthetnmibé teorivionid A1fudbignddavéeamseneiicling ground ring 144

to which groungyiresddg.are-pondad. The-sianalwirgs Lidiare bendashia higsigoaldermipals 142.
The signal terminals 142 extend through the perimeter vias 122 in the core layer 102 to be in contact with

the terminals"P82Wfahlaist conductive layer 104. While the perimeter vias 122 and the central opening
120 extend throughitheneorel laygiz1Bctigisignalirrounaisdii arehiliegrogivenotdhmniakterminal 140
effectively clotﬁgroff the Qpenings to %rowde blind’: openings (rlnljﬁ blind vigs S0 the openings effectively do

not extend throua][lfgﬁwléncorsetaféye‘% % & IVepRa s b 1aser inpd) SHh VAN diisinared Sroblems reiated

to mechanicatrretited withewiches-tinailih dspahinds thddrdameeidse sravkingppoblamavention,

some well-known system configurations and process steps are not disclosed in detail.

Likewise, the drawings showing embodiments of the invention are semi-diagrammatic
and not to scale and, particularly, some of the dimensions are for the clarity of presentation
and are shown greatly exaggerated in the FIGs. In addition, where multiple embodiments are
disclosed and described having some features in common, for clarity and ease of illustration
and description thereof like features one to another will ordinarily be described with like
reference numerals.

The term “processing” as used herein includes deposition of material or photoresist,
patterning, exposure, development, etching, cleaning, and/or removal of the material or

photoresist as required in forming a described structure.



In the present embodiment, no solder mask layer is required at the top and bottom layers, which results in
better adhesion between the encapsulating material and the layers. This in turn means there is less
moisture uptake. Further, because of the blind vias, there is no direct moisture pathway through to the
integrated circuit die 108. The integrated circuit die 108 is die up because of contact pads (not shown)
on its top surface tolwhichethe groQbasviresnirhP cpadlitbd Higoakwirasidd haietbpadedircuit @lke CSP 100

further includ C h lastic or n latin S ductive layer
106, the integ e T B O R 130 el

wires 114. TIRemam@ramad ¥l @ dthiegameisrshting aerisoiibipiech dborarsiligcsidéld-of the CSP 100.

The ground or therrgé gag F3ARBGVhe.Jerminals pRRatedshrwmialseduia thedasanbiavenion, it has
been discovered that terminals 132, which extend or protrude from the core layer 102, improve surface

mount yield anEEBIdt SiffPERakils?- FlpteEe S gE g maLash i HBPev L SrBuHERR R il sides of
the terminalsid 82 core Reéeiagandwh¢ackiEnaB; 1Az rdine shelpevimetr isasrielin thpside iewlo6Pthe CSP 100
without the encaps t 1904 T '1rl1 2grate i 1 i 8 ' surroun et Qd ring 144
and by the signal telﬂyr%gi]né‘ sgichﬁgﬁl'*égggrgc?t%ﬁ%rsiv%sgﬁ%gr%g@%g %%yr%géd) an&; rﬁglc(:%er%%?}gg%ﬁ%%round ring

144 thereby ittPeasiidae PoadibiBrorhuatatdersimakisidell Bee ey faeinigatminals 1#bferring now
to FIG. 4, theggithisBRAMNRQRRISESdirRal sids viewor! Apempodinentehadheimallyislpatically

enhanced super thin die down CSP 400. The CSP 400 includes a core layer 402 having, a first conductive
layer 404 and"a REEEh @ ELAUEHVE 1 A7 RO G 6 PPSSitd Sidd8S FHEULRE BB AGSTRER DL ¥

non-conductifietratenalaauwchiasisygloasithing ¢ddagidsshbismaleineidéel XiazibendesinThep@aillaminate, or

polyimide and the first ng second.conductive layers 404 and 406 can be of conductive metals such as
aluminum, coplg)%r, or %& DA }%etél rated circuit d4%' 408 is bonded with a die attach adhesive 410 to

the second conducthfe faged 408)iThRe die atenchtangsie Baroneiay bes dRehiermhakgrantyer Kléctrically

conductive ogeN:£BHSVAIMRREIMISHGN S5 FRRXYIRQY QlagR VRsjetatogGiicit pigiAlRis connected
by ground wires 412 and signal wires 414 to the second conductive layer 406. The qround and signal
é

wires 412 and B P A IR SERAl L BERIAS L EHHRG AT USB BT SroBre 102 The Uspa! ISR U2 has a
central openiingp4z( e gontathimgthhanntegraied ¢Houitfeia w08 dod afiiuhebareafngeionpievidpenings or
vias 422 surroynding the centra ning.420. The centr ening,420 and t erimeter vias 422 extend
ihrough the ooy e e o L R R SR B e
perimeter via®¥2208-the core layer 402, and forms a ground or thermal pad.

The use of laser drilling of the vias eliminates problems related to mechanical routed
or punched-through openings that can cause cracking problems.

In the present embodiment, no solder mask layer is required at the top and bottom
layers, which results in better adhesion between the encapsulating material and the layers.
This in turn means there is less moisture uptake. Further, because of the blind vias, there is
no direct moisture pathway through to the integrated circuit die 108.

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 integrated circuit die 108, the die attach
adhesive 110, the ground wires 112, and the signal wires 114.

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



The second conductive layer 406 is processed to form ground or thermal terminals 440 and 442 with a
number of signal terminals 444 in between. The ground or thermal terminals 440 extend through the
central opening 420 of the core layer 402 to form a ground or thermal pad 446 in contact with the first
conductive layer 404. This means that no additional processes or material are required for a silicon
substrate badkgtderonpdo\Simikarky nibengyixid dnar sikiéenjainiexhiibalsy 442 rexte ndldar dogintioa perimeter
openings or \{La}%? 1%%et form plind vias jn.qontagt é/\(tlt}niigglg‘iﬁ%ponductive layer 404. It will also be
understood from this disclosure that, if the first conductive layer 404 is patterned, the ground or thermal
terminals 442 can HRefpsEdZERog dAdIterhifsisin is shtveniptdgpateld cirnsideierostigeiedol? because of

contact pads pinitataR sudaseihicihfages davsnad which the gmurdNgres Aidwaddhs signal wires
414 are bonded. A solder mask 450 is formed on the second conductive layer 406 with a number of

through operfhg&4558d HEULRYAY SHHALIETTS it 208 PS STRMDRIIS U bl APAYEFRER R @Bhtact with the
signal terminalscéd4dbtizr dueghdivel stiddrimaskeiH ycarrdisgidie rppadlbilG2oéte formettincortaat with the
ground termi%lﬁiﬂ%}mggggﬁpe solder mask 450. The CSP 400 further includes an encapsulant
465, such as pPaSI[)IC I epoxy, encapsulating the second conductive layer 406, the integrated circuit die
408, the die attach Béffegige a0, ihdfrouhdthares 41 shand thecspghatanined 41de. vievRéferdihg now to

FIG. 5, thereihigoinaui @d&ﬁéﬁ%ﬂ@/@&&i@ﬁl‘ﬁ%ﬂh&f&é@sﬂ@rQﬁﬁd&{ﬁth/&v%ubﬁal@)@ﬁh@%@le ground or
thermal pad. Referring now to FIG. 6, therein_is shown an isometric bottom side view of the CSP 400

showing the 8HRAPEHSH F4EHS 8L Sike PINHe4Rb! SARIISE'SORIST BENS 68 SaHP U WEferring now
to FIG. 7, theksjier is0shavwspposiét cide vidiheof @eOSfr 740 havihg fecianguiacishrapacdilaluwdws of terminals
702. Referring ngw tq FI erein.is shown a CSP. 800 having circular- d ws of
rerminals 803 A e e
accordance Vit andhdertondadistdimientisf 4Aé prdsént inveritonl Thedpedradectdspaedtage stack 900
by way of exampigand-ipp&aseLiexplanation includes a CSP package 100’ stacked on and surface
mounted to a modified version of the CSP package 400'. The first conductive layer 404 is processed
to form a central gr(ﬁih‘d‘tS?rﬂﬁ%‘}rﬁ‘é‘flﬂbﬁl@éggs‘ﬁHPBB?ﬁﬂleYﬁ‘ diftHar8 agbes et LR eGisand or thermal
pad 902 is sepatateddiagn itxularoe divgaBaéhfrdhedive teiminglsO0etharsaltie nphiste8dididsilysed to bond
the first condugiiye v, 104 o1 1e Bk A0 e, lrst conduetive Javer 0.0 R Gof. 499 There are
numerous ways for making various signal and ground wiré connections between the integrated circuit
dice and the soteandstaishysaipyait weee dithe prdro enaheisdsotkt de seeiptioond conductive layer 406.

The ground and signal wires 412 and 414 are of materials such as aluminum, copper, or gold.

The core layer 402 has a central opening 420 for containing the integrated circuit die
408 and a number of perimeter openings or vias 422 surrounding the central opening 420.
The central opening 420 and the perimeter vias 422 extend through the core layer 402.

The first conductive layer 404 closes the central opening 420 and the perimeter vias
422 in the core layer 402, and forms a ground or thermal pad.

The second conductive layer 406 is processed to form ground or thermal terminals
440 and 442 with a number of signal terminals 444 in between. The ground or thermal
terminals 440 extend through the central opening 420 of the core layer 402 to form a ground
or thermal pad 446 in contact with the first conductive layer 404. This means that no
additional processes or material are required for a silicon substrate backside ground.
Similarly, the ground or thermal terminals 442 extend through the perimeter openings or vias
422 to form blind vias in contact with the first conductive layer 404. It 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.



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-topackage 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. THehsdldexrballs#60tatiel 4B sodithéo G5 Pepackage cHiQ tarels espectipelyrbal;bonded to
the terminals {30 and 4008 of 1R RAGKAYR 4001, THPIR. A8 AHTEIONS YRR, (B naking various
signal and ground wire connections between the integrated circu alce and the solder balls as would be
evident from the abdveolesapskich0 is fretedringtifoteeenticonductireleiaridhwvith antibMetic top side

view of the myltipaeiaeiiesRackadssiacknd QORI -accpanas Wittythe: BreservinMeriard ihe
multi-packageto-package stack 1000 haﬁ an solder mask 1010 having openings through which the

terminals 1008"4Hd Y0868 St degugals R e POIP RS 2 thardi I LHEWh B Aifernative
isometric top feide¥iawoitibiewilu iiqpaokad etnipaskag ehstagk hoG0ldEhmaviulthpackage-to-package stack
1000 is without a s r ows a.cqre layer : s circular-shaped dual row of the
solder pads 1002', illg 4@3;185& %ggn\l/\?ﬁ,léﬁ%g%%u%}e/ S?J%gélr%%grgégﬁ’dg}l %alﬁ%oé%ggg 0 e%(e”f%/’rring now to

FIG. 13, ther&l§48sshoins Henethesd @émfwﬁrﬁaﬁuﬂgétuhﬁgﬂmlmségiﬁ@ea giectii pheldigattThe method

1300 includeggige QlRcki §30R abipkmingsusubsiaale byfarmirg & gore layer, forming a through opening
and vias in the core layer, forming a first conductive layer on the core layer covering the through opening,

and forming a secoRd EBHEURIYE Al Er ot HETE0r&5150RY R BB JSHESGHE P8 ¥8RaiRtVY 1EelH the through
opening and worthetriassdontactitg thehfirstoood duditraddped; a block 1304 of bonding an integrated circuit

die to the second cendyctive,IQygs Apd {H&é&r?“&%\%%ﬂ‘{‘s%in%d?’l'coﬁ!&é%%qo?a%f$%rm"%q gopggctions
between the integrated circuit die and the second conductive layer; and a block 1308 o encapsulating the

integrated cir¢dthievaraitinensonsidetiols. the spldpenprestrtt piveihaonldhidadlisteRcallet®thermal

dissipation becauserefigetieatdlaudromthe:integatach cirasislie (@@ Riintadseirgoit hoard or a lower
integrated circuit package; e.g., low thermal resistance throughout. Further, there is excellent electrical

e
performance WAtANSBIR SASRT SRATPKis [ami v bonding over the terminals by the lined vias in the
pads, and extremelR ¢t ale eisicabresistandewinere ghuven copSer {@uhanmekgotdu{Atshapedused in bonding

and in the ter{gmag§termirﬁ&1§t§(}ﬁr, excellent routing density and flexibility is achieved with multiple

peripheral rows, separate an Jor multiple power and ground pads/terminals, and without a solder mask
layer being requiredieAgirenaraavelyotHiHan® |igbicpndkatie profil @aviagbodbekirasd sk PeBrventional
assembly technglaghee WAl FRSIISHoh |0 WhasR e EOst M@Qﬁhﬁl@éﬁvﬁﬂtaﬁ%ﬁ&hg@@%\é@k@g\é tape prior to

molding and no deflash and solder plating is required. Further, due to the thinness, high numbers of die
may be creatst CEPENGY RN IRNERE bisb@ 65 antigpHRS HIEsi A ERfoPHES DN described in
conjunction witkleépe ailit doefat enocetédisoto hedifidevsiaon dhateradmpaltarratiees, modifications, and

variations will be apparent to thps skilled iﬁbgpe artin Iigﬂo the aforqgﬁinl%d criHltion. c%ordingly, itis
. t . : : nfeas
intended to embrace all gﬁcﬁ’%?%%ﬁ?uva ser mOdll?l(?gt)ICOersl%, and variations which fall within t gascope of the

included claifff& Alimavadeddxdetorialh8ndin Brestraial igrahednecbaipahpid P e avvierisaiae by de interpreted
in an illustratiyg N6 e 1604 HeMSerminals 904. A solder paste 910 is used to bond the first

conductive layer 104 of the CSP 100’ to the first conductive layer 404 of the CSP 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. 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 INVENTION CLAIMED IS 1. A method of manufacturing an integrated circuit package comprising:
forming a substrate including: forming a core layer, and forming vias in the core layer; forming a

conductive layer having a predetermined thickness on the core layer and having substantially twice the
predetermined thickness in the vias; and forming connections between an integrated circuit die and the
conductive layer. 2THhdintetboduaseldipad4fdclainihi A8 grackmprigl0]:iensapsutdting fhenintegrated

circuit die with an encapsyl 4}_%61&%9Zﬁl&%@%ﬁ%ﬁ&e@ﬁf@aéata%ah&yiééﬁgcgiagﬁg 04@s glaimed in

claim 1 further comprising: forming terminals on the conductive layer of the pr mined thickness in

the vias, the teFRsHER hadlingpadsh iphofeamiaalst 6Ré sidsHiere! vectartyerakagmtProuridere 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.

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’, and 1006°, which protrude outward for solder ball contact.

Referring now to FIG. 13, therein is shown a method 1300 for manufacturing an
integrated circuit package. The method 1300 includes: a block 1302 of forming a substrate
by forming a core layer, forming a through opening and vias in the core layer, forming a first
conductive layer on the core layer covering the through opening, and 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,



4. The method as claimed in claim 1 further comprising: forming terminals on the conductive layer of the
predetermined thickness in the vias; and forming solder balls connected to the terminals. 5. The method
as claimed in claim 1 further comprising: forming solder balls on the conductive layer on the core layer. 6.
A method of manufacturing an integrated circuit package comprising: forming a substrate including:
forming a coréutayerhandforsningetiasibéhedate myerbéanrirg atcandsiativiatiayewritdavong aw
predetermingg thickness on the core layer and having substantially twice the predetermined thickness in
the vias; forming connections between an integrated circuit die and the conductive layer; and forming a
solder mask over th¥ et éhmipeerarnigdprsnifess ihedacanie condifbtivepeayfeg 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.



7. The method as claimed in claim 6 wherein: forming the solder mask includes forming the solder mask
to extend into the vias. 8. The method as claimed in claim 6 further comprising: forming terminals on the
conductive layer of the predetermined thickness in the vias, the terminals having a shape of at least one
of square, rectangular, and round; and forming a further solder mask over the core layer having openings
therein to the TéMINMENITOheGhalddaES claimed in claim 6 further comprising: forming terminals on the
conductive layer of the predetermined thickness in the vias; forming a further solder mask over the core
layer having openinfys thefelRct8aheltBiA AR s dRKHg abiisH b Anskesn ARBRH ftS the terminals
through the hither slggihmnasks4QicTihauagihiod as claimed in claim 6 further comprising: forming solder
balls through the solder n}ask.on the c?nducti\ae layer on the core layer; and forming the substrate
includes forming an openir?ér?hnr%ﬂﬁﬂr?héy&rjﬁlgtrate.

forming vias in the core layer;

forming a conductive layer having a predetermined thickness on the core layer and
having substantially twice the predetermined thickness in the vias; and

forming connections between an integrated circuit die and the conductive layer.

2. The method as claimed in claim 1 further comprising:
encapsulating the integrated circuit die with an encapsulant, the encapsulant extending

into the vias.

3. The method as claimed in claim 1 further comprising:
forming terminals on the conductive layer of the predetermined thickness in the vias,

the terminals having a shape of at least one of square, rectangular, and round.

4. The method as claimed in claim 1 further comprising:
forming terminals on the conductive layer of the predetermined thickness in the vias;
and

forming solder balls connected to the terminals.

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

forming solder balls on the conductive layer on the core layer.

6. A method of manufacturing an integrated circuit package comprising:
forming a substrate including:
forming a core layer, and
forming vias in the core layer;
forming a conductive layer having a predetermined thickness on the core layer and
having substantially twice the predetermined thickness in the vias;
forming connections between an integrated circuit die and the conductive layer; and
forming a solder mask over the core layer having openings therein to the conductive

layer.

7. The method as claimed in claim 6 wherein:

forming the solder mask includes forming the solder mask to extend into the vias.
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11. An integrated circuit package comprising: a substrate including a core layer having vias provided
therein; a conductive layer having a predetermined thickness on the core layer and having substantially
twice the predetermined thickness in the vias; an integrated circuit over the substrate; and connections
between the integrated circuit die and the conductive layer. 12. The package as claimed in claim 11
further comprising: &n encEpsukahtencapsuddtingliie thfeghatedmojndtiitglie with the encapsulant extending

into the vias. 13. T%&ﬁﬁg%ﬁ&%ﬁlg'&Hr‘&?dcgh&&%l%e%iéfr&'?‘?ﬁecé;@c%‘i@ﬂg{ﬁ?{f{?é%&?ﬁ #e ggnductive

layer of the predetermined thickness in t?)e vias, the terminals having a shape of at least one of square,
rectangular, and round. 14heTtseparAguingsactanpiedf it dathPna Flrtharce SAPASHTY: t8AHMAR on the
conductive layer of the prggdgtermined thickness in the vias; and solder balls connected to the terminals.

forming a further solder mask over the core layer having openings therein to the

terminals.

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

forming terminals on the conductive layer of the predetermined thickness in the vias;

forming a further solder mask over the core layer having openings therein to the
terminals; and

forming solder balls connected to the terminals through the futher solder mask.

10. The method as claimed in claim 6 further comprising:
forming solder balls through the solder mask on the conductive layer on the core
layer; and

forming the substrate includes forming an opening through the substrate.

11. An integrated circuit package comprising:

a substrate including a core layer having vias provided therein;

a conductive layer having a predetermined thickness on the core layer and having
substantially twice the predetermined thickness in the vias;

an integrated circuit over the substrate; and

connections between the integrated circuit die and the conductive layer.

12. The package as claimed in claim 11 further comprising:
an encapsulant encapsulating the integrated circuit die with the encapsulant extending

into the vias.

13. The package as claimed in claim 11 further comprising:
terminals on the conductive layer of the predetermined thickness in the vias, the

terminals having a shape of at least one of square, rectangular, and round.

14. The package as claimed in claim 11 further comprising:
terminals on the conductive layer of the predetermined thickness in the vias; and

solder balls connected to the terminals.

11



15. The package as claimed in claim 11 further comprising: solder balls on the conductive layer on the
core layer. 16. The package as claimed in claim 11 further comprising: a solder mask formed over the
core layer having openings therein to the conductive layer. 17. The package as claimed in claim 16
wherein: the solder mask extends into the vias. 18. The package as claimed in claim 16 further
comprising: terminal$.on thkeqowklystiveclaiasdomhtbiei prédétethminechphikikgiess in the vias, the terminals

having a shape of agoﬁgﬁﬂﬁﬁeof?ft&eqé‘o%% ng%t%gy@lrﬂ%rgnrgﬂgg; and a further solder mask over the core
a

layer having openings therein to the terminals. "19. The package as claimed in claim 16 further

comprising: terminajg on thg.GoRUMEtNE AR OhtheiRredetermines thiskpess in the vias; a further solder
mask over the core layer having openings therein tq the terminals; and solder balls connected to the

terminals through tHe fURE MoKl FAsR OB 108 PavK G A8 eRSHRSS TRCETHIAT 1B°rSPEF Wnprising:
solder balls through the sddger. mask on the conductive layer on the core layer; and the substrate having

an opening therethrough.
17. The package as claimed in claim 16 wherein:

the solder mask extends into the vias.

18. The package as claimed in claim 16 further comprising:
terminals on the conductive layer of the predetermined thickness in the vias, the
terminals having a shape of at least one of square, rectangular, and round; and

a further solder mask over the core layer having openings therein to the terminals.

19. The package as claimed in claim 16 further comprising:
terminals on the conductive layer of the predetermined thickness in the vias;
a further solder mask over the core layer having openings therein to the terminals; and

solder balls connected to the terminals through the futher solder mask.

20. The package as claimed in claim 16 further comprising:
solder balls through the solder mask on the conductive layer on the core layer; and

the substrate having an opening therethrough.

21. A method of manufacturing an integrated circuit package comprising:
forming a substrate including:
forming a core layer,
forming a through opening and vias in the core layer,
forming a first conductive layer on the core layer covering the through
opening, and
forming a second conductive layer on the core layer opposite the first
conductive layer, the second conductive layer formed in the through
opening and in the vias contacting the first conductive layer;
bonding an integrated circuit die to the second conductive layer and in the through

opening;
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21. A method of manufacturing an integrated circuit package comprising: forming a substrate including:
forming a core layer, forming a through opening and vias in the core layer, forming a first conductive layer
on the core layer covering the through opening, and forming a second conductive layer on the core layer
opposite the first conductive layer, the second conductive layer formed in the through opening and in the
vias contacting the firsho@nducitveday éetbending areprbeglaiedicikbaitodetbo teecwpdcandwoivductive layer
and in the through opening; Jlormgwg connections between the integrated circuit die and the second

conductive layer; and encapsduilating the integrated circuit die and the connections.
encapsulating the integrated circuit die and the connections.
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