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 minigtiPAORINE IPIROKaLeEONq Ui PATKRIASBSTRICIFAME 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,
w&gwﬂﬂf etching, and implanting steps. Usually, many individual
evices are constructed on the same wafer. When the devices are separated
into indibéd padsgnoupscotionits;leas hetakes!thadfosemobainde gratedoircuitt more
digalniiges tonteiaceadis it ot cliguinythedies 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
BpdrBUROONIRARAY fingers and the assemblies are then packaged by
Individugi FRIERRSHIAHOG BT RO R PP SR O RIFIE RIS, he

The lead fingers of the packages are then processed for attachmenttoa
pliRteaicsiiadnsBydidneprsifile GHpLDaHSRE b HiRIHireHon @adntesepgd circuit
pagkage. Naen@kMpaskageshaspiherdigasbesivalyriosdrd dbectead Ragela for
which, along with the lead fingers, is exposed. The QFN package has good
5?&:%8%?0&% thermal characteristics, however, to increase the number of
input/iamirtenOYfoteaigevemrbonpsineteit isrmmcessdiopto (SHouwe ghidiyiditsofide
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width of the lead fingers is decreased, handling problems are encountered
giGhing trchimatRiis eotHer W aenp e s dndcptast cQarE gfd ehidy same
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substrate. The s.ut%[lstrate has patterned metal on both sides and through vial
35%8%‘1%%1 fﬁrélﬁﬁ &rned metal. The PLGA package is able to 1 provide
relativédydnigh tauméérseof dO s/ for algivernchiogy iz dieverca @ihbpiackageed on a
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sides of the substrate exposing only the bonding areas. Adhesion between

fh@lﬂpﬂigié@élﬁfﬁgg@%@ﬂ&gévire 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



metal surfaces is poor, and the packages consistently have problems passing
inspection, 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
exenddhatsoider nghskhwoheneodr ickivess bakmebodiheitopoand ati@Hdotparkage.
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resistance from the chipto the printed circuit board resulting in inferior
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and a second conductive layer is formed on the core layer opposite the first

tRAN4%%r in the through opening and in the vial contacting the first
conducuvidaytee. ArGiategriated eifcuis diff et bondequiaiipe secontion between the

%%naclil%c[t[il\e/ all%yer and in the through opening. Connections are formed

etween the integrated circuit die and the second conductive layer, and the
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adhesjon as well as lower manufacturing costs. Certain embodiments of the
IhO¥HaleA AV 8 #iEr 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 accorﬂﬁ%ﬁmémg%ﬁﬁé@\ﬁp&%RlPﬂON OF THE

DRAWINGS FIG 1i3,3,cross sectional side Yiew of one embodmentofn i
thermally7iedirically “enhanced stiper thin the up ehip ‘Scalé package in
acdogtancedmiihghe presenbiniemtiona FiG:. Ryisr aritsathetrighbgitomeside vias. A
ﬁh%WcQﬁ&D&&ErW% ?(trﬁglo]j I[IBQU&I@QI%} c%ogl%?lﬂ@mfough 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. 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 the down chip scale package in
accordance with the present invention; FIG. 5 is an isometric top side view of

a first conductive laygRIGIFHMBSERIAGONI OB 1$6MBHY B9GOM side view of

the structure of FIG. 4 including an encapsulant and solder balls; FIG. 7 is a
bottonflfiew of & eleiis-sectienghekiagaowittl retaangeidimshhped theanedwsloftrically
eHRiRalSubEm igi@ '%Yi{ﬂc%l@'fj&b}%&?@%%EK&QR&@’W&EVW%H@H@&%@
rows of terminals; FIG. 9.is a view of a package-to-package stack in
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meapialandf a multi-package-to-package stack in accordance with a further

embodi t.of the present invention; .1lisani etric. ide view qf
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MODE FOR CARRYING OUT THE INVENTION Referring now to FIG. 1,
thereir 9Pl SURSELcda ibisarieiel idi doaHecBin by anieRtbra
thermatiygleledtrigallyoanan cottau paddhie thefumehipusaate gaek@ge (kebiR)ng an
11(1)0(2)1"81 Cear Srgi:&}/;()ig St‘he present invention. The CSP 100 includes a core
aye]r) aving a first conductive layer 104 and a second conductive layer
106 orFBppbsitesites. itk dorehlaypenld 02ckageydth ot ubtipedrdetbriats of
aiehnag such as thin core glass (bismaleimide triazine (BT) resin), epoxy

laminate, or polyimide and the first and second conductive layers 104 and

106 cal Bebdt aoiitehive birtsilequekoas MthsiFnATRNIPEd B gt Affeninals:
gold (Aug. 8 Andnirgraied guckipelie-pA&igdendednvitiadieatiaghan additional
adhesive %19{}? the second .conductive layer 106. The die attach adhesive

odiment o resent imvention; . . .
71 may%e of th rma‘y ana/or electrically conductive or non-conductive

materiflSuéh asaepoxyodr ghads-prthedntreastsgthetabiermadcdidsipatioth a further

CRBBRIIN,PHEE: iesaRt IDvERien. The integrated circuit the 108 is connected
by ground wires 112 and signal wires 114 to the second conductive layer

106. ThEgrduidrariersrgralionreder yisvand Peasursterstich!Eorduetiern optional
poaterialsias aluminum, copper, or gold.

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

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

BEST MODE FOR CARRYING OUT THE INVENTION

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

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



The term "horizontal" as used herein is defined as a plane parallel to the
conventional plane or surface of the integrated circuit die, regardless of its
orientation. The term "vertical" refers to a direction perpendicular to the
horizontal as just defined. Terms, such as "on", "above", "below", "bottom",
"top", "sveénteandd vindeir d@ré08efiheddadtividspédet 40qtteadiesizeritt) plahe s¢énond
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thorough understanding of the invention. However, it will apparent that the
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"processing” as used herein ingludes deposition of material or photoresist
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form a ground or.thermal pad 130 surrounded %termln_als 132. The ground
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the terhikealsd 3z dosdribiesperimetarbeidihike2R iof the iaoeatiay ere k0Ri-Thg@rammatic
econd. conductive layer 106 is processed.to form ground or thermal .
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conductive layer 104. The ground or thermal terminals 140 further have an
anLiteRrPHPEURET R K34 BRI AR G iR thired ] L3dinarbo Ra s serihs iyl like

wefiiesntd dumierflonded to the signal terminals 142. The signal terminals 142

extendﬁpergéjr%h‘lhe erimgter via& %Zz.in.th ﬁoredla eh[iloz to be.in coq‘gg&)tresist’

with the terminald 132 of the first conduciive 1ayer 104 WRIS tha perimetar

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



vial 122 and the central opening 120 extend through the core layer 102, the
signal terminals 142 and the ground or thermal terminal 140 effectively close
off the openings to provide "blind" openings or "blind vial" so the openings
effectively do not extend through the core layer 102. The use of laser drilling

of the il ekinlidate stpr dinde madetdted tpemiehahicagrouigdr drermal terminals 140
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embodiment, no soldéi mask layer is required at the top and bottom layers,
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yy&s1d12, 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
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viRWiRfiae feafs 10 Withauhtharoeppgelant R, Jhedategriatedilr Guit thRre is
108.is shown surrounded by the ground ring 144 and by the signal terminals
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144 thetehytipesedsiitguineip 088ibility of beatrassientas well astyhaipleon its top
%(r?%edt Hien %%ferréh“ rv‘v‘i’r"gst?fl'z:'aﬁa‘t‘he”s",lery% WESNPWNA GiRgsysectional
side view of an embodiment of a therma %/eectrlcaly enhanced super thin

die dowheCSH 408 TrghgsPchdesinslueresrswone Ibfer 40 Havingsacfitgt epoxy,
eRAPRLMBJaNE K AQRANch&SREONE GONBUAIY dirculadar 4QRiCHOPRRSHE die attach

sides. The core layer 402 can be a non-conductive material such as such as
rrisre Pathe @rmdmirsidd Tridanibeugny, wWioxl taminate, or polyimide

and thiefistranch seoofid condiectives|ayera 404samnetdd6acambidefveondidiy €SP
%%?alﬁl%ug(fguﬁﬁ o?l%ﬁg}irga nﬂ)h& 98R %{fdot‘ﬁg?elgrhinals 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



An integrated circuit die 408 is bonded with a die attach adhesive 410 to the
second conductive layer 406. The the attach adhesive 410 may be of

thermally and/or electrically conductive or non-conductive material such as
epoxy or glass. The integrated circuit die 408 is connected by ground wires
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gold. The core layer has a central opening 420 for containin
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404. This means that no additional processes or material are required for a .
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the 40gdzdhedrumbesaire A Sopiad hads:paltadop surface, which faces

down, to which the ground wires 412 and the signal wires 414 are bonded. A
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conductive layer 406, the integrated circuit die 408, the the attach adhesive
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substrate 404 as.the ground.or. thermal pad. Referring ngw,to FIG. 6 rei
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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.



Referring now to FIG. 7, therein is shown a bottom view of a CSP 700 having
rectangular-shaped dual rows of terminals 702. Referring now to FIG. 8,

therein is shown a CSP 800 having circular-shaped dual rows of terminals

802. Referring now to FIG. 9, therein is shown a package-to-package stack
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and ground wite connections between the integrated circuit dice an
5O BRI dsWBId be evident from the above description. Referring now

to FIGRIRthereiws shpwn 8 miMipackagewa-papkagestaphd@td Wack 900 in

accordance with a further embodiment of the present invention. The
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$0QfAIshaccessed. 7 Referring now to FIG. 12, therein is shown an

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



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

vial in the core layer, forming a first conductive layer on the core layer
coverimigfirerthnowg ko dpeniidy, tandiformingva sectadatondootivedayesidn tiwy of
f S aeseRRastie NG ust candyaliye ayerin e bioudh aRanIRo Y fhoo is
the vial contacting 1%e first conductive layer; a block 1304 of bonding an
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integratstt SPEuRe'andhe EonfEetidhs i tha BIESEh: Ao MaHEpE jging an
axegtient theninahdissipaTinnrebadda0sf diredtheablfiow S fienintegiatédirate

&Y ?Hflll»ntfﬂg Eocéré’{&?‘é?fjf%&}h%ﬁié Eﬂ%%q{(?lpk%grai{&% E‘}Sﬂl‘éiés}«ﬁtlla%a% ing a first
e.g., lowthermal resistancet rougﬁou . Further, there is excelle teectrlc%ll
pRGRHEN S Wit VBRy SHB raSRy el VsHiles tirdeoygireoperiaingiad dpiheng a second

termioale by thedinrd.oialdpethp Rads e extimeiyviowyeleattiathrough opening
resistance where pure copper (Cu) and gold (Au) are used in bonding and in

] g
8 1A, FRARPS dREATEHE PR TNty A fexibhity ROBURfR iR ed
nmmltipléiq:)e_wiphemlcdnﬂ_/vsomhpamt%&admdmulﬁmletpmvghrmdi@ouridock 1306 of
PAgSHeLTHpals, ANSL bt %&Q'g‘ijﬁéf%%%ﬁit'égéee{nﬁ?ﬁ%%er%%!E%Qa&ﬂve layer: and a
extren%elyt in and light pacﬁage profile may be obtained using conventiona

BoskrhBY e enameyytimhiberaxedtatid Brudisdiemislyhesstngetione advantages

that nq,caveplayetrReVPRIHaRBRINNG *ndinendgflash R Rpldet RIRtie0dSect heat
required. Further, due to the thinness, high numbers of die may be created .

Qf’?a&f’&n‘é‘ﬁlé{ﬁfﬂ%kﬁﬂ%wléé\ﬁ BIARBELE ARG RO U egEale circuit
dadciibed. in donjumetioal wekisausee dificubesitmoBiaslitis therbeurteitaoditeaical
m lternatives., modifications..and variati will be a rent to _thos .

B B A AR R AR T 085 e tined
iite rid dbetpadsmivid ca el hoatelevaticd S eprbiific athsie ParrdogapitidAy and gold

whish-fallwithipdhgnscarePhtheringlided claims. All matters set forth herein

or shown in the accompanying drawings_are to be interpreted in an
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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.



a first conductive layer on the core layer covering the through opening, and a
second conductive layer on the core layer opposite the first conductive layer,
the second conductive layer in the through opening and in the vial contacting
the first conductive layer; an integrated circuit die bonded to the second

Cond NN RI@N&FIdAIMBP fisrough opening; connections between the
integrated circuit die and the second conductive layer; and an encapsulant
encapdulating B FstagrhtEa i Rsk R oAt Eonnections. 2. The package
as claimgddmaeaimubiybierein: the first conductive layer is formed into

terminals an% gogr?und or Ihem}l%g%d(;) and the second cgg&iﬂj%tiv.e layer is

formed into an’m eﬁ?{gfélévéfl it die orP(félﬂ%glr] ion*ahd ‘terminais, the
terminals extefidingpfrbrrtitied peretayiecds Eiyer pavkagetlastotaigiedpimiciairnd

wherein: the {itst GANAYCHVEVAYSelSPHRGE:TR LLHTIDAE ARGAAGUILRY 1ayer,

thermal pad; the second conductive layer is formed into an integrated circuit ~
die bonded portion EntFtapshirRIdvEhE thecteimhaldtigle etiBadabibibe vias

conductive layers havaaishaperpialleastionafr;square, rectangular, and
round. 4. The‘égatc:lka e as,cl im%j in claim 1 wherein: the econ%ﬁondiﬁctive
fA the

layer i€ ot fto ARSI AR B StindF B HhEPHAIBAR 4rsd ¢ through

comprising sofgemigalls connected to the terminals in a plurality of rows. 5.

The pagkadaar yamed Jﬁ‘eﬂﬁ@}a]cewrc’ﬁéﬁi{‘diéﬁlﬁcf It Sé%%ﬂ&%ﬂﬁ&u@%%ﬁh%&; and

ground or thermal pad; the second conductive layer is formed into an
integrate et yoRtda e s intasd tdrpiriisliaaertheserrsiHpiising
solder palls cgonnec ed to th%,tergﬂina s, 9 6. The package as claimed in

r

claim Twherdilf tHE8EAR G RERILLHVA Ry ¥ IS blind vial in the vial. 7.
The pabkéige emdiatme thirciafomied/heogimhe KrstCogductive layenfopads ad

plurality, of toys offarmIna'R, 8 TheRackads asislaimed el MRS Portion

the first conductive layer forms a_plurality of terminals having at least one
shape from aa}?édﬁaﬁlg}él,ssé@é?gpg}q& girtrding from the core layer.

3. The package as claimed in claim 1 wherein:

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

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

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

square, rectangular, and round.

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

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

5. The package as claimed in claim 1 wherein:

the first conductive layer is a ground or thermal pad;

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

further comprising solder balls connected to the terminals.



9. The package as claimed in claim 1 further comprising a solder mask over

at least one of the first and second conductive layer. 10. The package as
claimed in claim 1 further comprising: a second substrate including: a core
layer having a through opening and vial provided therein, a first conductive
layer on the Bittpariofghes chrientalerdavetingithertkiro sglondpemndogy anidyar forms
8RG9Nd congductive layer on the top of the core layer, the second conductive
layer in the through opening and in the vial contacting the first conductive

layer, the secadhean@U\@alayar i dhaayialiQin e dHin i stRuNINaiSc 258 Qs a

integrated circuit die bonded to the second conductive layer of the second
Bﬂ‘ﬁgﬁ% LN iR HSEMYigh opening thereof: second connections bonding

the '”tﬁgrate‘%1¥é:§8ék%§ 19 (N8 S&F ”ccia%%”%%té}’e‘?d?eeﬁr‘é’tf BSREF M ver forms a
substrate; an encapsuiant encapsulating the secon mtegrateg circuit the and
HE ey o deTauRHE BEYNS; AR shapetiie Tirs reslitia e natudRb el cfirst
conductive layer thereof formed into terminals extending from the core layer
thereof the fif@f’ A EeTana amtrinsl ipe! HOHBE MR HB A AIHE B frayer at
firstt anel o dcoidtsnbistrains @wbicdalljagonnected. 11. The package as

claimed in claim 10 wherein: the first and second substrates are bonded by at
least oHe of soldercketder balsedcarrduistilduadReeprenrsing:combination

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

second substrates electrically connected.

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

conductive adhesive, or a combination thereof.
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