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 MingYAZAtQN IO PRERIAG WiIIGH! oIk 3ESS PR IEESame 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 process that comprises a number of deposition,

' N iffysion, etching, and implanting steps. Usually, many individual
evices are constructed on the same wafer. When the devices are separated
into iAtiviguakgroupsnobunitdateactrtakdly the femmeohdantimtegratedsciruit more

pifgJn R deltRitesacs R ia with Qﬁaﬁg&n@g&ryag&e 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
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The lead fingers of the packages are then processed for attachmenttoa
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which, along with the lead fingers, is exposed. The QFN package has good
n%‘f’e%’i?f%uaﬁt%ind thermal characteristics, however, to increase the number of
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width of the lead™ fingers is decreased, handling problems are encountered
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substrate, The substrate has patterned metal on both sides and through vial
al&b‘ﬁﬁ%&fﬁﬁigc 1€'pafterned metal. The PLGA package is ableto 1

In order to interface a die with other circuitry, the dies are commonly mounted on a
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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



provide relatively high numbers of 1/Os for a given body size over a QFN
package. 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
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resolution cause problems because they affect bonding pad size. Further,
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provides a method for manufacturing an integrated circuit package by
N NG % 4fSstrate by forming a core layer with a through opening and vial.
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the first conductive layer in the through opening and in the vial contacting the
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between the inteqrated circuit die and the second conductive layer, and the
hate gFed Bl A 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 Q&@gﬁtgéég{iﬁ Q¥ {BIXF‘M]HQE% of those

mentigpned above. The advantages will become apparent.to those skilled in .
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prekegeriyefoonihe aedotsabyifigrdnsgvings: 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.



2 BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a cross-sectional
side view of one embodiment of a thermally/electrically enhanced super thin
the 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. BRENIESORIRT Topsiole MnDa Avelsiascture of FIG. 1
without an encapsulant; FIG. 4 is a cross-sectional side view of an
embddimédnisof artherarsipledeizily odrharroelb st wfin theraollietisipically
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isometric top side view of a first conductive layer of FIG. 4; FIG, 6 |s an
isom&thit Bottor SARSHEY IR StScHTE of Fhes SHWHHﬁﬁdﬂﬁgF L 1 including an
esnpasuiant and solder balls; FIG. 7 is a bottom view of a chip scale package
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stack in accordance with a further embodiment of the present invention; FIG.
11 is Biisoinetritomisdanidh vr thel siictsrabierte ennitsh Bptional
soldeFInaskisFAG isonigran isaonetsiddopsevidw afiherstofcrice of inttudi(y an
en\{\é'tho ta socldef mask: ~and FIG. 13 shows a method of manufacturing an
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YigW.@f one embodiment of a thermally/electrically enhanced super thin the
up chip scale package (CSP) 100 in accordance with the present invention.
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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).



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). 3 An integrated circuit the 108 is
bonded with a the attach adhesive 110 to the second conductive layer 106.
The tha atteghtedti besived el Omaybbeded ehmally amdiondestrkchlly to the second
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embodiments are disclosed and described having some features in common,
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patterning, exposgre, evelopment, etching, cleanlng, and/or rermoval of the
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The term “processing” as used herein includes deposition of material or photoresist,
patterning, exposure, development, etching, cleaning, and/or removal of the material or
photoresist as required in forming a described structure.

The 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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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 vial 122 in the core layer 102. The second conductive layer 106 is
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are shown raised. In the present invention, it has been discovered that
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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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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
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s&ﬁlea%ﬁﬂl”&‘o}’é{'gﬁs} ARG Qﬂgﬁﬂe%Xin&'%@‘Sx‘%&"i’ﬂﬁiﬁ%,g&%ﬂ 08 143 the
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420. The central opening 420 and the perimeter vial 422 extend through the
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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.

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.



Similarly, the ground or thermal terminals 442 extend through the perimeter
openings or vial 422 to form blind vial 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
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100" to the first conductive layer 404 of the CSP 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.



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
embdiifaentgofdvaepidsentinbertios. shhemultiipackagesiongeackegsidtackw of
tféeo%l%‘é’&%%%ft%- Rle. ang-{on Gase ‘%fh%XRllaﬁ?éL%ﬂd ClHdeA OS‘?AgEdl_So%Pis

packages 400" ontop of a modified CSP package 40G". The first conductive
WK a0wldeen tkIpdpheragecanoleis it Beeard st fHirnlaeshiprlsiuabopy of the

s1884%a0d 0500600 lre SRIdevdalh A8 Rd AGA Qfdheds [RdeaskRes AR are
respectively ball-bonded to th ter,mi,na§81004 and 1006 §f the CSP ﬁf@%@e&n

400RTHERE Y B dfbuS wHEBr mSliaNg vamsti¥Sidnd? ant iy

incegraedtionsibetwicen. thheimtegratad i rogit déseadridcih €398|dé fdyalisgas swbrtalte

ident f ve description. Referring. E inis.
oG AT TS MR AP RIS PN R A A o
caplotincaliy s dan g viRFF they PreQutitaVERAtIBIUER RS hitigpasRalgeming a second

SAdIBGKATS StarkHQRaS AT pRIIE  HRasK LOARLEAVING,ePRNIRY BN BRening

which the terminals 1004 and 1006 are accessed. 7 Referring now to FIG
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method 1300 includes; a block 1302 of forming a substrate by forminqﬁ core.

Ry drom il eRtATSLGRBHERTrG Ariivied ifHE CORSIet, 'FOVRRIHGAIAIRSE cireuit

packadeictive, layer hariivg cestimyer thaugting theFtihiaugihepeivingcalhthfosiitg al
cond canductive layer gn the core |ayer ite the first conductive .

B O e SRR S RS AN AR tnea

viay&r;thertadk 28d4xbrehmhd ey ateitteglhacsytasigeviheie pytheogeebffgy) and gold

(KQNEHGHVE flayer R dnithatbiensiiepening; a block 1306 of forming
connections between the integrated circuit die and the second conductive

layer 4HECE Biscieid08 BEsBabsalig R hisgraterrdirelfi BrthlRpeheral

r@o)Repidiarsand/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.



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,
dilie iNWiE B i AAWEEENES terminals by the lined vial in the pads, and
extremely low electrical resistance where pure copper (Cu) and gold (Au) are
used In bonlifmyGAd A THELEHIARIAHNRAEY & KEENE ReFbREMEP BRASIRE and

flexibitiynia @gBigvestvitbinaiiiple peripheral rows, separate and/or multiple

power and (I:;round gads/ﬁermjnals, and without a solder mask layer being
required. An‘extremely il and light package profile may be obtained using

conventionébas’semtihym@tmwluigg.aﬁ_&iéasemﬂus_ fodolayassembly cost with the
advantages; thah N0, CAVE ' JaPG LAY P Hﬁoﬁﬁ‘ﬁl&@dl&}%rd‘éé‘@éﬂ}g'}ﬂes%%@{gh

plating is required. Further, due to thethinness, high numbers of die may be
created at saw sirffGi8E&n with low saw blade cost. While the invention has

been descrifaadiify CoNjeRrEiIoRINII-BVSPESIEC besheedr, ikiert@p®site the first
understood that many alternatives, modifications, and varia}ions Ul be hroush
apparent to those SRtEH ' TEa i FGRLOF e Stbie iR %é%%%&iéfhe.t roug
Accordingly, it is intenthedutd iethbracecalitsuoly ditefmsitivadpenoe figations,

and viariatiang.which-iah WHEI%I e ReaReQIINE aldRd BAMS o th MAUGSugh

set forth herein or shown in the accompanying drawings aré to be interprete
in an illustrétRf@'8&d non-limiting sense. 8 THE INVENTION CLAIMED IS: 1.

A metbesif BoanedastdriegBn RNtk EICtItRACKGMEARPISHIY: conductive
forming a suybstrate including: forming a core layer; forming a through

opening an ViAl ‘?ﬁ(}he core layer; forming a first conductive layer on the core
layer gwapsingitiytlihiowghtapaning diemmingeacsesmndnsonductive layer on
the core layer opposite the first conductive layer, the second conductive
layerformed 6 Wéhetabigliimpiistand Wheidivial contacting the first

condigtivdaye 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



bonding an integrated circuit die to the second conductive layer and in the
through opening; forming connections between the integrated circuit die and
the second conductive layer; and encapsulating the integrated circuit die and
the connections. 2. The method as claimed in claim 1 wherein: forming the
first clonductite kayendniotemivadiy andc@ grovemtacrdhermalpaehntied portion and
terminals e>§£%%1gg; Qg from the core layer; and forming the second
conductive layer into an integrated circuit the bonded portion and terminals.

3. Th&rhetfoiagsétdimed in claim 1 wherein: forming the first conductive

layer igt@itersiaaidand-snaserndonthermabnad; forming the second
conductive layer into an integrated circuit the bonded portion and terminals;

and formindlieterhodh als dhithedfinstcdeich Se edictimofiauitiyehlapersnd davedaive
laz}lggpo%ﬁg at !F,%%ts an eoLL quare, rectangular, and round. 4. The method as

aimed in claim 1 wherein: forming the second conductive layer into

terminals ang@,gegiéach Ot ihsinah Ragkand hilEtheb cRmprisi ngs fasRANGive layer
solder balls connected to the terminals in a plurality of rows. 5. The method

forme el H A SOWREPSASforming the first conductive layer forms a
groung or th‘?ﬁ@%&ﬁq&% o8 JRIINAYINE, §EGONRL CONFUGHYE [RYRLINS Active layer
integrated circuit |e'(l)onde' portion and terminals; and-further comprising:

feapningusalidepbiaiaisalinerieg 2ok eaerpapdsrenPHectargifodazarel Al et dls-
claim 1 wherein forming the second conductive layer forms blind vial in the

vial. 7: The MEHHAS kgt bictitin W HEPEs  ParmiHBE Y THBE Cotrdfiictvask

olayaet least one of the first and second conductive layer.

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



forms a plurality of rows of terminals. 8. The method as claimed in claim 1
wherein forming the first conductive layer forms a plurality of terminals
having at least one shape from a rectangle, square, and circle. 9. The
method as claimed in claim 1 further comprising forming a solder mask over
at leakst. oneTbiethe thirst amnthseadbindctomdiictyieréayyer. 10. The method as
claimed {0, GAD HIUTIEr COmpYISing, RUTING.R RECPRASUPIRIE INcldingius
formingac ayer; forming a through opening and vial in the core layer;
forming a filkE8RATCe e Poh APIBIHS B B9 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
vial contacting the first conductive layer, the second conductive layer in the
vial 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 11. The method as claimed in claim 10 wherein: bonding the
first and second substrates by at least one of solder, solder balls, conductive
adhesive, or a combination thereof. 11

11



