bOJVCOST"AND H GHLY RELI ABLE CHI P- SI ZED PACKAGE 5 10 15 20 Field of the

| M¥enti on The present invention relates to a | ow cost and highly reliable
chi p-si zed package (CSP) used, for exanple, in the manufacture of

el ectroni ¢ packagi ng of | ntegrated Circuits (I1Cs). Mre particularly, the

i nventive CSP does not have a 25 substrate, thus allowng for nore
conpact sized CEOMWCOST AND HIGHLYRELIABDE CHIPSSIIED PAGKAGECt ur e. 2
Background of the Invention An integrated circuit or chip has input/out put
(d/0) connections in order to function as an electronic circuit. Mny of
these chips require nore than 200 1/0 connections. These |/ O connections
are attached, e.g., soldered, to a printed wiring 5 board (PWB) or a
printed circuit board (PCB). In conventional packagi ng using .
peri pheral -1 eaded surface nounted packages, such as peripheral |eaded QFPs
(Quad Fl at Packs), wire bonding to a netallic lead frane is used to connect
the 1/Os of the ICchiptothe I/0Gs of the QFP. The I/ Os of the QFP are
d| stributed al ong the periphery of the QFP. The maxi nrum nunber of QFP

10
15
20
Field of the Invention
The present invention relates to a low cost and highly reliabl_e chip-sized
package (CSP) used, for example, in the manufabture of electronic packaging of
Integrated Circuits (ICs). More -particularly, the inventi\_/e CSP does not have a
25 substr'até, thus allowing for more compact sized CSPs which are less costly and

simpler to manufacture.
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10, 1/Cs distributed al ong the QFP periphery is |limted to prevent the
spaci ng between adjacent QFP 1/O | eads from becom ng so small as to pose a
potential electrical shorting problemduring solder reflow at board

nmount idg. llustrate a typical QFP, known as PQFP (Plastic
Quad k L ,Qq %Rﬂbﬁt he pins or |eads 15 that are bent to extend
hori zontal ly fromthe periphery, of .the P .15 For. hi L/ D count
| C chips, BAnintggrated H?uﬁ%fhﬁmd@?%pﬂgé%obscé)d'qeﬁ%‘?nggiﬂ ft re
|/ Cs than QFPs. BGAs connect to PWBs or PCBs using balls instead of pins or
| eads. fulgtiopads wn elestronic circuitc oManyt of dhese chins sequire maone tham208u1/Q o

| and sites arranged in an array pattern on the bottomface of the substrate

of t hegorfifettionsk dliteseOdsdnrivctiohsarelattached, @.gt, tsoddered; to arprindedaniting
sites. These sol der bunps 20 or balls, in turn, provide the I/0O

CONNECHLHAS(PAWB) B8 SBSTinfRCKiPESt bohkd RPEBROEs utilizing such sol der bunps or

balls are described in the above-identified related applications.) Such a
over converlt asthyehifut paBASRG il pRAREHadtd boiface mbdfibalRRagebs
di stributed al th ' f th Kk G FlG 2 h . | cal
A, paiiitn@s ReHraL seapar GEPd dBluar St Hlackel are bandingcte  cheritls JEAd S
mechani cal ly attached to a substrate 35 via a die attach 40. 5 e

Y
over nofréae isruseskta aonnect theldds ofithe It shimtathe H6ls ebithe OFP: nEhe D[g)s of

surface 45 of the substrate 35. As in conventional QFP packaging, the

i Nt er ctHeQEP dre distribated dlongrthe@etiphery of the ORP. sThs maxiaustnumbiey oif QFR

by wi re bonds 50.

10 1/0s distributed along the QFP periphery is limited to prevent the spacing between
adjacent QFP 1/O leads from becoming so small as to pose a potential electrical
shorting problem dﬁring solder reflow at board mounting. FIG 1a and 1b illustrate a
typical QFP, known as PQFP (Plastic Quad Flat Pack) 10, showing' the pins or leads
15 that are bent to extend hofizontally from the periphery of the PQFP.

15 For high 1/0 count IC chips, Ball grid array (BGA) packages have been used that
can have more 1/Os than QFPs. BGAs connect to PWBs or PCBs using balls instead
of pins or leads. Typically, the I/0 interconnects of the IC chip are brought out to land
sites arranged in an array pattern on the bottom face of the substrate of the BGA
package. Solder bumps or balls are attached to these land sites. These solder bumps

20 or balls, in turn, provide the /O connections of the BGA package. (IC packages

utilizing such solder bumps or balls are described in the above-identified related

applications.) Such a configuration allows an increase in the number of 1/0

_\\
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The 1/ Cs of the chip 30 are routed to the bottom surface 55 of the
substrate 35 through netal conductors (not shown) enbedded in the substrate
35. 1/ 0Cs of the chip 10 30 are connected to these enbedded conductors by
the b ' A i N ' i 65
used TOErs bud Loirdcrial A Pdskaghs  Which e 172 nichEofRucts aie
surfacgs 45 5,0f the substrate 35. e gh going vias 60 may be -
interéﬁ?ﬁﬁ'@é‘#eqslia&mg Q?ﬁipﬁ'é{?ﬁg'alﬁgﬂ?%Q%]Pgégéiéchani cal stress. The 1/GCs of
t he BGA package 20 are an .arraé of solder _balls 70 | oc tea at the, 15
bot t om sur fRAGe2&showst a typioakB@A Rackage2@ ‘Qﬁhﬁﬁb%e’&"%GP FRGRPSHIant 29
BGA package 20, wherein the array of solder balls 70 attached to the bottom
sur f agR sfliconsiC bhipn30 Taenectmamicélly attaBhsdtack aybstzate 85cvas dig attagh|40.ger
than the size of the IC chip 30. This is mainly due to the substrate 35.

Nbr e H&EPnIEEd RRekpSaRaNE 25 0ers thélchipp80 aptipRitionH of tisé topliserface Uibe
use of I p-chip type of chip-to-substrate interconnects, in lieu of wre
bondi ng. .. Fl S ' : t}

rof or R, STt AR 3%, AR SHVeRHBReERFP Béckadifn P o RER f1oCthe

pl asti ¢, BGA package 80 W t sol der. hunped f1ip.chi The 1C chip 30 is
connecHiken !)89%'5’ g@b@[m §‘%§r§§eag§ris SY%H}SPVS&"(?&’&%% %? 85 | ocat ed

bet ween the _bottom surface of the IC 30 and a portion tth upper surface
45 of "t he ST VDstaS e chim@0raredPHeR i HIG PefoB Syiface BB e S hs s 3
the substrate 35 is 5 covered by an insul ated plated copper conductor
90. Thehrenglhaynetal coridisctobs(riat shown) embedded in the substrate 35. 1/0s of the chip

10 30 are connected to these embedded conductors by the bond wires 50. In addition,
through going vias 60, and thermal vias 65 used for heat transfer, may also be formed
between the top and lower surfaces 45, 55 of the substr_ate 35. The through going
vias 60 may be intefconnect vias, and may serve to relieve mechanical stress.

The 1/Os of the BGA package 20 aré an array of solder balls 70 located at the

15 bottom surface 55 of the substrate 35. FIG 2b shows a bottom view of the BGA
package 20, wherein the array of solder balls 70 attached to the bottom surface 55
is shown. |

The size of the BGA package 20 is considerably larger than the size of the IC
chip 30. This is mainly due to the substrate 35. More advanced BGA packages have

20 a small sized substrate due to the use of flip-chip type of chip-to-substrate
interconnects, in lieu of wire bonding. FIGs 3 and 4 show such smaller sized BGA

packages, sometimes referred to in the industry as micro-BGA packages.
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encapsul ated by an underfill encapsul ant conpound 95. The array of BGA
sol der balls 70, attached to the bottomsurface 55 of the substrate 35, is
used to connect the BGA package 80 to the PWB (Printed Wre Board) or PCB

hot 107 “CERAGHs ArbaRk B Fikiadd B £ Bofiler Himdéd SHTAY. i 1C°
| ayer of sol g:Ler mask 100. The substrate_ 35 nay have ?i nal / gr ug% laiﬂas 05
bet weeghiph30; isscpnpected to dhe syhntrate 39 0da AN aoray,af ¢ ‘Fragéfs e

mask 100. In addition, the substrate 35 may have thermal/ground vias 1 10
bet weebetween thie boittdm suctacedfthe ICBH endd partimmiot the uppersusfaceotd of thesk
100. 15 FI G 4 shows anot her BGA package known as SLICC (Slightly

Lar ger shBQ!?afé:3§arTh€rrénﬁﬁﬁr(\:g€}§dfﬁ6ﬁ df2thef upperbirdace 45 o ehéSsUubsiri€eA35 is
package 120 has a small SLI substrate 35 which nmay be an organic

packa | rate | )

chi p ahoversH By FSBSH SR cbpdel ndiichol DT RS ahy T soitbrBatses!is

i nt ti ti C4 | ti 125, 20 whi ch

arc. oneApeaPURta BY ShvIFAUIT BiTaRRa KAV BRURRNE, 'S, Chove o paB 130
PV\B whi ch th f BGA sold balls 70 is -attached. 5 Th

Cont | nubus. JRENATAYORRER Boldet balls AG.catARked g8 e ReBoPUTAGE SR dhea

cl ass of packages known as chi p-sized packages (CSPs). These CSP packages
have fsubstrate 35sisusegl toatonndctithe BGA package 8020 tbe RWB (BrintecbWireBeaid).
In CSP packages, a substrate is not necessary. This allows the CSP package
f or m f ¥FtPECB (RridtedfCirédiie Board) (not shown). The portion of the bottom surface 55 not

10 covered by the array of BGA solder balls 70, is covered by a layer of solder mask 100.
The substrate 35 may have signal/ground vias 105 between the insulated plated
copper conductor 90 and the layer of solder mask 100. In addition, the substrate 35
may h_ave thermal/ground vias 110 between the underfill encapsulant compound 95
and the layer of solder mask 100.

15 FIG 4 shows another BGA package known as SLICC (Slightly Larger than IC
Carrier) BGA package 120 from Moforola. The SLICC BGA package 120 has a small
SLICC substrate 35 Which may be an organic interface. The SLICC substrate 35 is
slightly larger in area than the IC chip 30. The IC chip 30 is connected to the
substrate 35 by interconnections sometimes known as C4 interconnections 125,

20 which are encapsulated by an underfill compound 95. FIG 4 also shows a PCB 130

(or PWB) upon which the array of BGA solder balls 70 is attached.

AEAA
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5 reduced. such that it is only marginally larger than the IC chip

Itself. Several configurations have been proposed and these are shown in
FI'Gs 5-9. FIGs 5a-5c show a Tessera Conpliant Chip (TCC) package 150. As

O R SRR B S I gt

lant |ayer 155 has an array

of Ni/Au bupps 165 10 which conpects the lignt | -

Subst rlites SEPagKRGaSCkRaWR SRCIRFFLRACKpadh (CHRD- oTHiPes EEBnAckages HA®
encapsul ant conpound or casing 175. Alternatively, as s,hovi/ncég FI G, 5b, the
| C chiformofaghersi merginally iargen San the size ehthepsilican 4@ chip G I CIF packadess | ex
circuit 160 and the array of bunps 165 of FIG 5b in greater detail. The

fl ex cd sabstratesis otpedessary.aThisialalvsithaGSR package formw tfactor 16 be funtben t he
peri phery of the conpliant |ayer 155 and connect to pads 180 on the active

rfa 0 ki i30only! dtgirally fdrger RhbA NtHIGICPeRIpAMReRD0 SevisTaNEC
.s%ovm' ﬁ‘g%dﬁlﬁgdl%ué:mhﬁg go' v:/ni o?ﬁi ) IgcatIZd (;9e|; an interfaceiplaayer 205. In

LD SRR ol Bt A ERIRERIY sRbURERERGSRCar o1 210 i

.an adh ein as 1nterface 20 ports 220

which are distributed on the actiyve syrf . 2 chihpa30 :
interface p E%é?g? %qu&?erp/@ngﬂa?ﬁéﬁ%@ggpg%a@q h? gff%?:-eghgor £ 220
are electrically connected to carriers protrusions 230 that >ét§ﬁnd to¥]e\/ard
‘the i nEl& Bacdhe ICschipr 80 igoattachad taran elastamen gomplians dayer Vighp diex
‘bunps and netal lines are deposited to formthe protrusions 230, sol der
‘bunps &id€uian@®OreThie elastomeériBomipliant layer 155 has an array of Ni/Au bumps 165

10 - which connects the compliant layer 155 to the substrate 35. The IC chip 30 and flex
circuit 160 are éncapsulated in an encapsulant compound or casing 175.
Alternatively, as shown in FIG 5b, the IC chip 30 and flex circuit 160 are not
encapsulated. FIG 5c shows the flex circuit 160 and the array of bumps 165 of FIG
5b in greater detail. The flex circuit 160 comprises fan-in tab leads 175 which extend

15 from the periphery of the compliaﬁt layer 155 and connect to pads 180 on the active
surface 185 of the chip 30. |

FIG 6 is a fine pitch BGA package 200 from NEC showing the IC chip 30 which
is located over an interface layer 205. In turn, the interface layer 205 is mechanically
attached to a carrier 210 via an adhesive 215. The interface layer 205 has interface

20 ports 220 which are distributed on the active surface 225 of the chip 30. These
interface ports 220 act as the 1/Os of the chip 30. The interface ports 220 are

electrically connected to carriers protrusions 230 that extend toward the interface

_—
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sol der bunmps 240 and the protrusions 230 are on opposite surfaces of the
metal |ines.245. The sol der bunps 240 are in electrical contact with the
cdrriers protrusions 230 5 t hrough the netal lines 245 and act as the

110 pogl&ﬁg ahherhi r@ar%; ?giggﬁé%@mezggqm WHicH BUApE dhd-hiktdbfing® &pe bY

Mat sus avi ng the att'ached to a ceramc substrate 260 via an

array of solder bu 270. Seal in esi 0 enc - o

sol der gﬁﬂﬂﬂ?‘g%?"ﬁ}‘gi R{ggrugfoqsng3f)csélﬂﬂei %é'ﬂ‘%sh ?&?ﬁéﬁ# g'?)et%g fines ? %’r a.\j:-te‘e of

t he substrate 260, The substrate_ 260 _has vertical ,via ?ol es %&_& .

t her et Bolsiegburaps 30 andsthe pretrusiqnss239:are pp QRRASIESWTaGER0 mrta liresce

292 of the substrate 260, onto which solder balls (not shown) may be

at t ach@as. FTHie Soldleo bunmps o0 206 imeléctrival Eoptactuwithitbl caskders:protagians230310
as the 1/0s of the CSP 300. The lead franme 310 is connected to the 1/ GCs of

te | Cefaiughdthelihel8Nihe) 245! &itd 48P as AhBIIfO §rto6f ithé MindSpitsie BB A package
attaches the lead franmes 310 to the I1C chip 30. Sealing resin 340

encaps:ﬂozﬁ es the sides of the IC chip 30, the wires 320 and portions of the
| ead fanmes 310, |eaving exposed, a | ower portion of the |ead franes 310.

FI Gs 9a-9d roce f mak]j P 400, (Fl | i LN
20 gr eat ﬁgge?alégwsi%ééré%% ma%%%ﬁﬁﬁi?g héﬁﬁg %&) IIGM{;@'@E? 65 %}ﬁ@ﬁé@ ¢ hown
in FIG 9a, the I1C chip 30 has Pb/Sn sol der int grconns&ti n\%bém? 4Q5 gg its
acti ve asgefatpie substrate: 260 via praerray absolder BHMRS; 28 e 1esin 4480 o
a carrier base frame 415 which 7 .
encapsulates the array of solder bumps 270, the sides of the IC chip 30 and the top
10 surface of the substrate 260. The substrate 260 has vertical via holes 290
therethrough. An array of land sites 295 are located at the bottom surface 292 of the
substrate 260, onto which solder balls (not shown) may be attached.
FIG 8 shows a CSP 300 made by Fujitsu which uses a lead frame 310 as the
I/Os of the CSP 300. The lead frame 310 is connected to the |/Os of the IC chip 30
15 by bonding wires 320. A protection film 330 separates and attaches the lead frames
310 to the IC chip 30. Sealing resin 340 encapsulates the sides of the IC chip 30, the
wires 320 and portidns of the lead frames 310, leaving exposed, a lower portion of
the lead frames 310.
FIGs 9a-9d show a process for making a CSP 400 (FIG 9d) which is shown in
20 greater detail in FIG 9e. The CSP 400 is made by Mitsubishi. As shown in FIG 9a,

the IC chip 30 has Pb/Sn solder interconnecting bumps 405 on its active surface 410.

The IC chip 30 is mounted on its active surface 410 to a carrier base frame 415 which

_—
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al so has frane bunps 420. The interconnecting bunps 405 of the chip 30 are
bonded to corresponding frame bunps 420 of the frame 415. In the nounted
position, the inactive surface 425 of the chip 30, which is opposite the

activey 8CRafhEl buhips2 420, ST iriterddriactling bumps 405°0f IheVEhipN36! 47e9b.

b
t he bon ey chip 30 and portions of the frame 415 are encapsulated with a

resin 430, by, a ' i I.C t t l4i&= CQRV i

ot i s 18 RtdRcRhR TEaRe' GTbE Re0r Br ' HHRR 4TS RCRE ififined,
‘nol d 435 having cavities and thereafter, pouring resin 430 jnto_ the | d 435
to 11 IRositien, ednasive pugace A5 tecahip S0, auhithis HPPesitethe astvasurtaces
used to 10 encapsul ate the chip 30 wwth the resin 430. Next, as shown in
FI G 96410,tiscalémshoinmiteFd Da. s separated fromthe encapsulated chip 30 in a
way that transfers the franme bunps 420 fromthe frame 415 to the chip 30.

i s resul tgs ishowh i FiEBY, ahedbehdéd hip BT ahd pdrtions fefr thedfranand 1 Buanes
420 whi ch have exposed | ower surfaces 440. Finally, as shown in FIG 9d, 15

he triREpepiad Wi 3 FAGRCRI0 D E EERAA pIqHES, RHRP Yot b BRE ) o
o e ol by Ghhes R 4 S5Sh BN Ehed B bbb B M IO
Connec BWId 438 BavneckHes BaY thetsanierpoing:resin 440 thse the raeREABE S he
‘W ring conductor 460. The Pb/Sn sol der 405 surrounds the transferred frame
‘bunp 4be. nild cadtinasenFdGsQbashowsoacsection tofe aamalde43br whieh is used to
élo - encapsulate the chip 30 with the resin 430.
| Next, as shown in FIG 9c, the base frame 415 is _'separated from the
encapsulated chip 30 in a way that transfers the frame bumps 420 from the frame
415 to the chip 30. This results in an encapsula;ced chip 30 that has transferred frame
bumps 420 which have exposed lower surfaces 440. Finally, as shown in FIG 9d,
15 solder balls 450 are attached to the exposed lower surfaces 440 (FIG 9c) of the
transferred frame bumps 420. The solder balls 450 act as external I/O electrodes of
the CSP 400.
FIG 9e shows in greater detail the chip 30 with an external electrode bump 450.
The chip 30 has a.n.electrode pad 455 at its active surface 410. Wiring conductors
20 460, which form a pattern, are connected to the electrode pad 455. The Pb/Sn solder

405 is attached to the wiring conductor 460. The Pb/Sn solder 405 surrounds the

transferred frame bump 420. The resin encapsulant 430 covers the active surface

—_—
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8 410 of the chip 30, |eaving exposed the | ower portion 440 of the
transferred frame bunp 420 whereon the external el ectrode bunp 450 is
attached. A polyimde film 470 separates the resin 430 fromthe wring

condug : . ' : e
s et e oMib 3¢} 13avihG Sxtighet M Noer poftioptad oF therffBBirdd flnidls
structures Lch are costly ‘an Iffigqult to ufacture,, Furthernqr sone
of ¢ nbuBRVAAR WhiteopcPe eltefhal loetrads Rump 48D % AfisdbRd . A eV Fim
structure which is larger than the I1C chip itself. Accordingly, it is an
obj ect47® sepnaeateathairesin 430 romi the wiringocanduatar®80s or naking a CSP in
whi ch the substrate and other internedi ate processes are elimnated. 10

Anot her obj Althoadh tthe C$Ps shbinamin ElG5pr3e arke smallePthan the BiAs shanaein
m niaturization, due to the absence of the substrate, and thus is truly a

tcﬁi P- StieR 2RAK A coMPititha! B arid BGAS favi dd hipididstRlioturéewhicieafd ¢osths

e IC chip. Yet another object of this invention is to provide a CSP and

et o e el 8, RN R FleRbfmbfe odifig or th8 WorieRBoRal ESPRUHIAGIVY ©

as all? cesses U are practices 1n electronic
Chi p- of 20bsBatacca cuBatm kS SHtuE PO largen R MR I R ReBifol o 1o
manuf actur eAgggrdCir?g y?%tt is atrt] glsaje%%ior}qch%sr iunlv%n%io%htiopﬁro%?de a ('S:ISFZ’ea%dp %%Iéﬁgg for
making a CSP in which the substrate and other intermediate processes are eliminated.
10 Another object of this invention is to provide a CSP which has enhanced
miniaturization, due to the absence of the substrate, and thus is truly a chip-size
paékage, having a size which is approxirﬁately the same, size as the IC chip.
Yet another object of this invention is to pfovide a CSP and method for making

thereof which are less costly and simple to manufacture as all the processes used are

15 established practices in electronic packaging.

Summary of the Invention

The invention is directed to a chip-sized péckage (CSP) and a method for
making a CSP which is simple to manufacture and compact, thus being truly a chip-

20  sized package.

—_—
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9 In an illustrative enbodi nent of the invention, the inventive CSP has a
chip that has an array of chip ports, such as an array of solder or netal
bunps. The chip ports are on an active surface of the chip. Illustratively,

the chip My aRqlldstrative emblodaenbyf themventibnf tidventivB TSP hde adhisfisat ant
encapsul ates the chip and portions of the s chip ports | ocated nearest

the agtiv. . ' Fod | S f
encapdiisian ek HEhip BBHts, Bubf'e i Bredy, o Ridoh o Bt BURISES TR HiTPLIS
the active surface. Packa orts, ch as solder halls attached to
the ar@rgProan agtlye R %0%%“8%8 'R'oﬁﬁﬁ'ﬁﬁ’eﬁ\het 'Pd“ﬁym 'ﬁ?‘ga‘"} P?fgﬁﬂe
board. Various nethods are used to 10 | eave portions of the chip ports
exposdy, a peir offsamedie-pars.i Anensapsylang m&paaugms tha ehipand pertionspiihe: s
may be renoved by | aser or grinding to expose portions of the chip ports

lepcat athipvporté ocatede neatest etheuattice . suifdos;, nNaaving portionsoftthe chip ports
encapsul ation, the array of chip ports is positioned to sit on a nold, so

that rgMYLeaYNrbREtHE bHcap$AANE N TARSKpUded pErtivtEesf tHieBhipgortd are located
encapsulant the portions of the chip ports that were in contact with the

nol d. HRY My ray of nold bunps or pockets upon which the
array %pg\é&?&pﬂportas S|e[e§&':?ﬁé%'hi s case, renoving the nold, exposes portions

o e o o S, R0 o R et e Ao A 31, FRRE e o
chip IOa?nrdt tsxsgcri %ola%:éheghea\ga tforg rgritnqu %?rtcil.:\i/tebggrd. VZHLL? ?nee'thods are used to
10 leave portions of the chip ports exposed. For example, portions of the encapsulant
covering the chip ports may bé removed by laser or grinding to expose portions of the
chip ports located away from the active surface. .
Alternatively, prior to enca_psulation, the array of chip ports is positioned to sit
on a mold, so that removing the mold after encapsulation exposes from the
15 encapsulant the portions of the chip ports that were in contact with the mold. The
mold may-have an array of mold bumps or pockets upon which the array of chip ports
sit. In this case, removing the mold,_exposes portions of the chip ports that were in
contact with the mold bumps or pockets. This leaves an array of openings in the

encapsulant. The exposes portions of the chip ports are located away from the active

20 surface.

__’____—___———'—————
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10 Another illustrative nethod to formthe array of openings in the
encapsul ant and expose portions of the chip ports |located away fromthe
active surface uses an array of pins that are inserted in the encapsul ant

before it cmsthelillestiativs neéthoidto form thewaerdyest dpentegs incthemcapsalantfandhe
chip ports |located away fromthe active surface. 5 Retracting the array

of i N% baElhdrliBnd of e ShirP BER51GSateR 4By HARAY AW eUHADISR el Biray

portions o chip ports cated away fromthe active surface. Exposing

por . OFrnpibeB S stdSe 5 8 Hhdaeliortchetord T 83t e SRl S PR 95

Brief Description of the Drawwng FIG1 a.is an isonetric view of a
conventinggried m"tﬂ@qrt@ﬂss"fa%%ﬁh‘ﬂ RQFts fogated away frarg ﬁh? asipve Sydare- n
FIG1 a;. FIG2a is a cross sectional view of a conventional plastic BGA
pa kagedRetradlirkp the arrdnptafopinsi forms théarcmn o mpeniags [in he encapsylank and
shown in FIG 15 2a; FIG3 is a cross sectional view of another

ConVenté%ﬁbﬂesﬁhéﬁbiﬁow hacdtilp pobeMbogted Haby drorh theactivé sprfabe pExpbSing i s
a cross sectional view of a conventional SLICC package; FlIGs 5a-5b are

cross sggt +|§Etaﬂo|¥§ ARy i 998%?%(5 igg?l?ésta- be dapusittl vhid tRE &hiP portsM fTiHeut

an encapsu respectiv a detailed view of the conventi onal

TCC Shoug ) h PGS orfd G UdcirBaP E6Recis 89Bhe ¥nfp! of 2 convent fonal fine

10 Brief Description of the Drawing

FIG 1a is an isometric view of a conventional PQFP;

FIG 1b is a top view of the conventional PQFP shown in FIG 1a;

FIG 2a is a cross sectional view of a conventional plastic BGA package;

FIG 2b is a bottom view of the conventional plastic BGA package shown in FIG
15 2a; |

FIG 3 is a cross sectional view of another conventional plastic BGA package

having a solder bumped flip chip;

FIG 4 is a cross sectioﬁal view of a conventional SLICC package;

FiGs 5a-5b are cross sectional views of a conventional TCC package with and
20 without an encapsulant, respectively;

FIG 5c is a detailed view of the conventional TCC shown in FIG 5b.

FIG 6 is a cross sectional view of a conventional fine pitch BGA package;

10

-
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FIG7 is a cross sectional view of a conventional CSP using ceramc
substrate; FIG8 is a cross sectional view of a conventional CSP using |ead
frame; FIGs 9a-9d show a process for making a conventional CSP having

ext er nal ﬁ@g@gﬁ c?agp,s,eﬁ?%-.% Yiew,of {gsn%ntlana @Sf’%shfﬁjcéfé?ﬁﬁ s&ﬂfstﬁaeal

view of th own I n ais a cross section of

accordi ng il lustrati odi nt .I Gl
is an i someﬁﬁa 5 '§|ae9\7°§ﬁ0§ﬂcl\£ﬁ’nﬁ (Y!&\'&é’ |$F§L¥éﬁﬁ%@?l€(§§Ft%§'R¥?ﬁd ‘'shown in
FI G 10a according to the present inventjon; éélg a

detail ed crii&s 9ad shaw \ﬂl pIpcssstios ‘BBKWQCPRR{“{%FW&% cmaﬁf"ﬁteé?%’é‘ﬁhect
port and a CSP package interconnect port according to the present

i nventelectroie ®Guripps;16 i | | ustrate a process for formng the CSP according to
the invention; FIG 1 7a-1 7b illustrate a process for exposing a surface

of the chi prigperis Aaetdiledross Bettional viehe oEHe TSP sHon IOFIGIA; nvent i on
using a laser beam FIG 18 illustrates a process resulting in exposed chip

| nter conneckidqbhgs ¥ dcrbgg sechiof ¥ gs'P@ﬁé[&ra td"¥R Mustratide MbOHIMABhNGE t he

chip to sit on a nol ustrdate a process resulting in
exposeﬂ}ﬁ | mt.erconnect ports of the CSP according to the invention by
posi ti Efo qrb sit on a nold having 20 an array of nold bunps;

FIG 20 illust t f f f th
[t er connect é%ﬂ%iusﬁanp{a%iﬁ&%p evCrRPING packaoe FereeneIAAIEE of thRIGRE

shown in FIG 10a according to the present invention;

10 FIG 10c is a detailed cross sectional view of the connection between a chip
interconnect port and a CSP package interconnect port according to the present
invention;

FiGs 11-16 iII;_Jstrate a process for forming the CSP according to thg invention;
FIGs 17a-17b illustrate a process for exposing a surface of the chip interconnect

15 ports of the CSP according to the invention using. a laser beam;

FIG 18 illustrates a process resulting in exposed chip interconnect ports of the
CSP according to the invention by positioning the chip to sit on a mold;

FIGs 19a-19g illustrate a process resulting in exposed chip interconnect ports
of the CSP according to the invention by positioning the chip to sit on a mold having

20 an array of mold bumps;

FIG 20 illustrates a process for exposing a surface 6f the chip interconnect porté

of the CSP according to the invention using grinding;

11
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12 FIG 21 a-21 ¢ show a process that |eaves portions of the chip

I nterconnect ports of the CSP exposed according to the invention using a
nol d that has retractable pins; and FIG 22 shows a process that attaches
CSP i nt er cofilGs21a@teshawaprocssethat leaves postionsef the chipdntercgnnect ports

I nterconnect ports according to the invention. Detail ed Description of the

| nvent ppthd-COPléiposeavaccdrdingstd thedhventioh usingS® nagld that basretyactabiepins;
illustrative enbodi mrent of the present invention. The inventive CSP 500

I ncl Udﬁ 4@ chip 505 that has an active surface 510 and an inactive surface
515. The active and inactive surfaces 510, 515 are opposite each other.

Chip interc orts, such

arranged i n?&gezggg Wi A BrOGRSS, %ﬁsﬁ%c@%&%@ﬁ@ﬁgﬁ%@#@%ﬂ%ﬁé Qé%? | bbééd
surface 510 of the ch| 505. The chip interconnect bunps 520 are nade of
c5nducppﬁ@ﬁﬁ9éﬁh%tICh!m&l‘t&EQO'H?cﬁrRPfW acoerding & thednyentionos 15
IllTustratively, the chip interconnect bunps 520 are of solder material,
such as Pb/Sn sol der. However, other conductive materials, such as a netal
having sim | ar properties as solder material, or conductive pol yner

mat er i Petatdd Delseripfionidfithedaveatihon may be used. Two netallic frame
tie-bars which are positioned opposite each other, are 20 attached

to the i naCtF'IGﬁ 64" Itk V\Z‘r‘al%r s sactibh. 8 2SS 600 -'a_BEOFdlﬁgbl%r %nﬁﬁﬂsﬁ%ﬁve

severed froma trane, ich has a cavity for receiving the chip 505,

Wil e SlAle el Me SRSt ibrtio! THE iRUSRAVE C8P 8BYiRAuLBS aCéﬁ’.pfSeas

10 that has an active surface 510 and an inactive surface 515. The active and inactive
surfaces 510, 515 are opposite each other. Chip interconnect ports, such as chip
interconnect bumps 520 (or balls) arranged in an array have their upper surfaces
attached to the active surface 510 of the chip 505. The chip interconnect bumps 520
are made of conductlve material and act as the |/O ports of the chip 505.

15 llustratively, the chip interconnect bumps 520 are of solder material, such as Pb/Sn
solder. However, other conductive materials, such as a metal having similar properties
as solder material, or conductive polymer material suitable for interconnection may be_
used.

Two metallic frame tie-bars 530, which are positioned opposite eash other, are

20 attached to the inactive surface 515 via a die attach 540. The tie-bars 530 are
severed from a frame, which has a cavity for receiving th_e chip 505, as will be

explained in connection with the process for making the CSP 500. The tie-bars 5630

12
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13 hold the chip 505 within the frane cavity. A nolding conpound 545, such
as epoxy or resin, encapsulates the chip 505, the netallic frane tie-bars
530, and the array of chip interconnect bunps 520 except for |eaving the

| ower isaldftheeship 508 Withintthe foameheavity.p i nt er connect bunps 520 5

exposed. A second array of package interconnect ports nade of conductive

materials, AYfblditg BefipdiMmd 545! saci aslepoxy! ot resin, leneapsalateotheBhip $68,

e.g., sol der bal I s, are deposi ted and attached to the exposed | ower

iﬁriﬁfﬁ‘%ﬁ*_‘%@%ﬁ?&% Ks 0, Bl ey OF B PLnRifgLAnb et Bume 4T xepE”
the

e ordgavingnny fawer Surifces Mk (FDd ol &t thacaip 1%?%[0&51%@%? |59§§o

depend on design specifications. Alternatively, the array of pack ag
i ;it er comrsad. Faseeond agay efpackage interrannect persanade ofeonduetivemagerials,
I nt erconnect bunps 520 of the CSP 500. In this case, the array of chip

i nt er cewcheas paokage HR@reanndict balls fonbumplsaat calumins) BGB; 859., soldes ballsphteows.
Sol der paste may be printed on the PWB 550. corresponding to the | ocation of

the Chd%;ééﬁéﬂ 6RAGEAcHST 6 the. Exposed e 8iFared B2 IFIA & 0eprbothb chip
foll owed by nounting the CSP 500 on the PWB 550 and a sol der reflow

orer e P B A B el e M bt

o45 angalP ggagaectla%tt%r CﬁB”EC&s o?ltLe ¢8p %Wané g(r)e ugeés f%P goﬁne% ion fo a PWB

10 or a PCB 550. The size of each chip interconnect bump 520 and package
interconnect ball 560 depend on design specifications.

Alternatively, the array of package interconnect balls 6r- columns 560 is not
attached to the array of chip interconnect bumps 520 of the CSP 500. In this case,
the array of chip in;erconnec_t bumps 520 is directly attached to the PWB 550 as

15 follows. Solder paste may be printed on the PWB 550 corresponding to the location
of the chip interconnect ports (e.g., solder bumps) 520 on the CSP 500, fqllowed by
mounting the CSP 500 on the PWB 550 and a solder reflow process, as in
c_onventional surface mount technology (SMT).

FIG 10b is an isometric view of an encapsulated CSP 500 showing the molding

20 compound 545 and package interconnect balls or bumps 560. FIG 10c shows in
greater detail the connection between the interconnect ports 520 of the chip 505 and

the package interconnect ports 560. As shown in FIG 10c, the package interconnect

13
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greater detail the connection between the interconnect ports 520 of the
chip 505 and the package interconnect ports 560. As shown in FIG 10c, the
package i nterconnect 14 ports 560 are deposited or attached to the | ower

sur f aGRirtd 5601 atd adepusitedniorr aeacked tworthe foWer Terfaces 625 fof thekchip t he
I nventive CSP 500 will now be described. FIG 11 shows the starting point

for tgﬁgérexﬁnééyﬁgggtm according to an illustrative 5 enbodi nent . The

chip I'S moun ina frame 570, which is made by forming a cavity or
t-out 57&.i trip 580,...T ' f ity 575 t.h
cize of tnoTtesprgRss Branaiin hegprentiys 5 808 wiitrde S HESEIRRT oFLS 11

cavities 575 for mounting multiple chips 505. As shown . in FIG 12. instead

of t heshaws pthegstardinga ot dor hei investives methode ageerding (ta Ny illystrativegs
Thus, using the inventive nethod, 10 mul tiple chips 505 may be used with
the stempoditdent. The ghiptB®%HB mbantadiin a frame$H70,ywhich isumadplby eB8RiNgG0
(FIGs 10a and 10b). For sinplicity, the foll ow ng describes the inventive

et hodcdwvafy 6RkLBBUR B7B'6H 8 <& 580 THeV&i¥elof the ddvityn876ddrPespgoiis taitie pl e
CSPs 500 nmay be sinultaneously manufactured using the strip 580 or plate

585. 13,6 of the tq}%% 509 (ﬁéiiﬁéig:nggé%% si?ipe%%oiﬁr%k%hit@léegvﬁﬁg%% fbhe

sane nateria 'S comon r the ane used 1 n conventi onal

DK B I8 M B8 SR B 3. T+ Rt b4 SRTBBOT8R arepe

appl Cgft ci:g\?itiggt5i7t5| ?r(\ja\; Ibg a??acnkgae%i irtllga Ib(laa?t% gégrre TiI\:t?sr, u%?gg gdl12 ?nventive method,

10~ multiple chips 505 may be used with the strip 580 or the plate' 585 to simultaneously
yield muitiple CSPs 500 (FiGs 10a and 10b). For simplicity, the following describes
the inventive method for making a singlia CSP 500. However, it is understood that
muitiple CSPs 500 may be simultaneously manufactured using the strip 580 or plate
585.

15 lllustratively, the frame 570 is metallic and made of the same material that is
commonly used for the lead frame used in conventional packaging and is known to
persons skilled in this art. (IC packages utilizing such a lead frame are described in the
above-identified related application entitled "IC Packaging Lead Frame For Reducing
Chip Stress And Deformation”.) lllustratively, the frame 570 is made of a nickel-iron

20 alloy or a copper alloy. No leads are required on the frame 570 since inteiconnection

is via the array of interconnect ports, such as the chip interconnect bumps 520 (or

balls).

14
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Chip Stress And Deformation".) Illustratively, the frame 570 is nade of a
ni ckel -iron 20 alloy or a copper alloy. No |eads are required on the
frame 570 since interconnection is via the array of interconnect ports,
such as t hd@hetiramieriZ0 bas twot tid-baps 530@xtending iht) opposité sides dfithewayity has
two tie-bars 530 extending into opposite sides of the cavity 575. The

ti e- bay7p.5Fhe HePParsi5 3D 8uPppbIANR siliich SKip S5 inthe davity of cutout 5 whenwhen
the chip 505 is nmounted on the frame 570. Additional tie-bars may be used

L0 enSanid 88K bioHrel iy U Raifics 207 HAIERAI A0 Bor IR BEATH ndliel "

t he encaps Cess. pre-bu ing an array of

I ntercgonnect ports,, .S s.chip interconnect hupps, or balls 520 n its
wet + vatanine el teochib hER g Handingnaht Sepectaiy ting The apsapbutgion

i nactive surface 515 (FI G 10a) of the chip 505 is placed on the tie-bars
530 whregeStipport the chip 505 in the cavity 575. Alternatively, the 10
active surface 510 of the chip 505 is placed on the tie-bars 530. FIG 13 is
a cross sed ipre-bainoped ichip BOSchavikgodn Bhi@yldf stterdamnech partssdsuck asuchipce
515 of the chip 505 attached to the tie-bars 530. FIG 13 al so shows the

act i venetedbAGEctiinpsturBallss 20N @ i€ achive istnfice\B10 i§ hisihteddn tRé dak)&yChi p

505, having the array of interconnect ports, such as chip interconnect

rochatl AP SRS O o PR dngetie tege R FISOM G N offRS0% s placed
such a8, heeudeats BaPAmids suPpST e LHis &5 IAHS VIR 675. Alternatively, the
10 active éurface 510 of the chip 505 is placed on the tie—bar_s 530. FIG 13 is a cross
section along the line X-X of FIG 11 showing the inactive surface 515 of the chip 505
attached to the tie-bars 530. FIG 13 also shows the active surface 510 (which is
opposite the inactive surface 51 5) of the chip 505, having the array of interconnect

ports, such as chip interconnect bumps 520 (or balls).
15 The inactive surface 515 may be mechanically attached to the tie-bars 530
| using a liquid adhesi\)e paste such as die attach 590, as in conventional packaging.
FIG 14a shows in greater detail the inactive surface 515 of the chib 505 attached to
a tie-barjs 530 via the die attach 590. Alternatively, the inactive surface 515 may be
attached to the tie-bars 530 using a double-sided adhesive tape as in Lead-on-Chip
20 (LOC) packaging. FIG 14b shows in greater detail the inactive surface 51 5 of the chip

505 attached to a tie-bars 530 via a double-sided adhesive tape 595. The double-

sided adhesive tape 595 may comprise three layers: an inner base film 600 and two

15
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FIG 1 4a shows in greater detail the inactive surface 515 of the chip 505
attached to a tie-bars 530 via the die attach 590. Alternatively, the
i nactive surface 515 may be attached to the tie-bars 530 using a

doubl eutededhasivesfilms t608; 830 lochtst oPnb6th Bidés of theGRhepasdsadfimg . 600.G
14b shows in greater detail the inactive surface 515 of the chip 505

attac ')ﬂ?erhgtﬁefy‘ the ddhesive t4 Eg éﬁﬁg%%%rﬂ ?ﬁr A F?’ &f haRésive Wit the_

doubl e- ed adhesive tape y conpr ayers: an inner

film 600 6 outer adhesive filns 605 610 | ocated on both SI des
of t hd"¢fn asebﬁﬁ'g §9 600. Alternatively, the adhe5| ve tape may have only
a single | ayer of agdﬁswe w t hout the inner base fi . The use of die

attach 590 8| attach HOQ and ithe gﬁﬂb'%ggeﬁsaﬁhﬁ've tapey 6Rb; imA

practice in the asse_rrbly of 1 Cs. The advantage of the doubl e-sided tape 595
Gor t leonyientiopal prasticedhdbe assembly) of ICs. hEhe advantagesfithe-duuble-sibdtapene
tie-bars 530 by the frame manufacturer. Upon attaching the chip 505,

depen@ g8 (emtHesingll fjer adiesivie Bipe) 3s that Gl BE Pré-dttached othé dle-BSrs
required. This sinplifies the chip nounting process. On the other hand,

using g b@' the Flaiieé rﬁ%faﬁﬁ?ﬂeras ?Hn]ﬂtachmadfﬁ%sbl‘{iﬁ 585! %epb@ﬁﬁ'@;%'%e

accept a except that the paste Fequires a curing process ext step

L?r?ﬁ%% i o QU s B B R S s o
2 | n SR B -ﬁtﬁéfprbéeﬁsi‘aéiﬁrg thicsabier o, i5ved 461 e asit S0, 1RCHHo8s anFor

exanpl e, as
10 adhesive paste, is equally acceptable, except that the paste requires a curing process.

The next step in manufacturing the inventive CSP 500 (FIG 10a) is
encapsulation. The etrip 580 (of FIG 11 or plate .585 of FIG ‘t2) of frames 570 holding
a multiple chips 505‘ is encapsulated by a molding process in the same manner as in
conventional packaging, needing no special tools and techniques. For example, as
15 shown in FIG .15' -the chin loaded strip 580 (of FIG 1.1 ot plate 585 of FIG 12) of
frames 570 is placed inside a mold 615. The mold 61 5_has a cavity which receives
the chip 505. Molding compound 545 is poured or injected into a space in the mold
cavity that separates the ehip 505 from the mold 615. After the molding compound

545 has cured, the mold 615 is removed.
20 FIGs 15 and 16 are a cross section of along the lines Y-Y and X-X of .FIG 10
respectively, showing a fully encapsulated package 500 located within the mold 615

after the encapsulation step. FIG 15 shows the chip 505 mounted on the frame 570

16
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15 shown in FIG 15, the chip |oaded strip 580 (of FIG 11 or plate 585 of
FIG 12) of frames 570 is placed inside a nold 615. The nold 615 has a
cavity which receives the chip 505. Ml ding conmpound 545 is poured or

i nj ectarst fullycercapsatatedrby the molding 2ompourithb45aphichtis pouned ohinjedted ihtom
the nold 615. After the nol ding conpound 545 has cured, the nold 615 is

renoyeghe s?&ace betweer t1& chip 505 ahd fHePmdld 635 ?ﬁéTeU@&sfo thFrémbB70 aBes
Y-Y and X-X of FIG 10 respectively, showing a fully encapsul at ed package

the cHf %gé%gnYé"ehﬂéf@aéﬂﬁt%@?éﬁe@%@&uﬁ&% Lf8R7 g BuE bE e Pt 575
chi p SHSTRE 8 Rpbtecthe'dbats 800 e ook comipint 38 Hay ba shdar | "°
prevent the nol ding corrpound 545 from | eaking out of the cavity 575 (FIG

18). Rochestypeaised incanventional eldip. packages! dilusgrativaly.the mokling gompating | ar

5 to the type used in conventional chip packages. Illustratively, the

mol di ng45dsepoxy eém basedicand hislded Etspprorinately A8D°aC. appr oxi mat el y
180[err]. After the encapsulation step, wherein nmany chips 505 are

encapsul at egffer MHd ¥pRapsutation Q'Ehfﬁ UddHdréin \Méﬁ\{(télﬁ p§ (505 g}%oeﬁEhgsdﬂﬁed”
the plate 585 (FI G 12), "individual units or ages are obtained

o111 g BRI BEcRRISH e e e B0 14 Fr1 1 eyt

12) . r|c he array 0 ackage

o SLM\@&%&"&& BRPk3e%h A phiainsd é%z%fsé?%thqm %}BE&%&&%@ B%Léé
% pos| (n Gt1h1e) or plate 585 (FIG 12). To electrically attach the array of package ports, such
as the interconnect balls (or bumps) 560, to the array of chip ports 520, portions of
the encapsulated array of chip ports 520 are first exposed. The step of exposing the
chips ports (e.g., the solder bumps) 520 may be performed before or after excising the
individual packages from the molded strip 580 (FIG 11) or plate 585 (FIG 12). The
15  array of chip ports 520 and the array of package ports 560 may be any conductive
material besides solder, suitable for intérconnection. For'example, they may be made
of conductive polymer material suitable for interconnection.
~ Several methods may be used to expose portions of the array of solder bumps
520 from the molding compound encapsulant 545. FIG 17a shows a laser machining
20 method for forming an array of openings 630 in the molding compound 545 to expose

portions of the encapsulated array of chip ports, e.g., solder bumps 520. FIG 17b

shows one opening 630 in greater detail.
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chips ports (e.g., the solder bunps) 520 may be perforned before or after
exci sing the individual packages fromthe nolded strip 580 (FIG 11) or
pl'late 585 (FIG 12). The 15 array of chip ports 520 and the array of

package porAfieOfidIdIRY, Bfe 8hvapsUlated ¢hip 688 & fethoviés Fiden thenisld. 6 T8/ (R ©

for interconnection. For exanple, they may be made of conductive pol yner

mat er i Sy I [ 4 | sed. |
xposd S8 16" Mex the bR BB BHERGLBH| BAE oBVe sRcHTRHNIGS)
encapsul ant, 545. G 1l7a sho Jl aser, machi ning 20 thod .for formng
on ar SRR bUPB 520 Sri G Pk BOB.is: edO8 Hpa direwsasef Bents indlsatedhy o
the encapsul ated array of chip ports, e. % sol der bumps 520. FIG 17b shows
one opmerawg 63Y inrprgee e @xpgsethe array o8 bymps 520: dThe lasarcbearn 2gehniaued
chip 635 is renmoved fromthe nold 615 (FIGs 15 and 16). Next, the nolding
e npoisdimilarats thahuséd Sn thewaarking ofnelectrdnid packalges.b 8ychba8 Rechnique ishi p
505 is fired on by a narrow | aser beam indicated by arrows 640, in order

to expoiiely (Sedastan alteRitRAe 2k Harkingser beam techni que 5 is simlar
to that used in the marking of electronic packages. Such a technique is

FLoer” b, 8 Ao )l BRI 85078 BRI o BBt 01

b o U R 4R S e iR e b 3855, "

S oantig the laser on & movable atm (RO shown) wiich 14 programmed o position

10 the laser sequentially over each of the b;Jmps 520 in the array. In another method,
"the lasef may be stationary, but the package is on a movable platform (not shown)
that sequentially positions each bumps 520 in the array in line with the laser beam
640. This process ig repeated until all the bumps 520 in the array ére exposed to the
single narrow laser beam 640 to remove the molding compound encapsulant 545 from

15 above the bumps 520.

Alternatively, the entire array may be fired on in a single pass using either

several lasers or a single laser and a mask (not shown). The mask prevents removal
of the molding compound encapsulant 545 from areas other than above the array of
bumps 520.

20 FIG 18 shows a second method wherein the molding compoqnd encapsulant

545 covers only portions of the array of solder bumps 520. The encapsulation step

using this method leaves exposed portions of the array of solder bumps 520.
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the | aser may be stationary, but the package is on a novable platform (not

shown) that sequentially positions each bunps 520 in the array in line with
the | aser beam 640. This process is repeated until all the bunps 520 in the
array are eAfterqubsitioning thierighetiveusurfaceBHs of thenchifd) 506 orthe die-barsn$80i ng
conmpound encapsul ant 545 from 15 above the bunps 520. Alternatively, the

entire(@G 1Y), the dtfay bf Bnips 520 dnStHe0AGCtRSSErfdes '5] (Rist pBuitiona@ irfithd ARdld S
or a single laser and a mask (not shown). The mask prevents renoval of the

o1 o B §UBEHAY SR ERE HaRm WHlid 686) 866°%oeiefilaly 12T BRYS G MfrY16"

oWs a secoh wherein the
conpound encapsul.ant 545 covers .portjon f the y of sol der nps
520, Thes et EBRL 1 PrAY ATTRS HEAY Fitd Snk i BoRom deeIRR0 s Esc el A ¥
the array of solder bunps 520. 19 After positioning the inactive surface
555 of theDsting eucapsylation step, whereisthq moftlingioompound epegpsulant S is20
on the active surface 510 is positioned in the nold 615 that has side and

bot t onrpoated of irifjecteiinto dhpaolidv@l §, thidhmalding cdmpbandeEntapsalant 548 doebat
the array of bunps 520 sits on the bottomwall 660 of the nold 615. 5

Dur i ngngp caner thé ipditiohe bf the &irfdy)of BainiPs B200tH2BUNtA6t 61 &R HFd botdmi S
poured or injected into the nold 615, the nol di ng conpound encapsul ant 545

oo iIFBUBTCL I ARIA S99, Phub ok o D 520 o S0 mBlu il
the ”"Lﬂcgg&‘ﬂ%}%{‘ %45 cures, leaves exposed the portion of the array of bumps 520 that
10 were in contact with the bottom wall 660 of the mold 615. Remnants of the mold
corhpound 545 may be cleaned up by a light laser process as.described ébove in
cohnection with the laser machining process.
FIG 19a shows a third method which results in exposed portions of the array
of solder bumps 52(;. This method involves an alternate design of the bottom surface
15 of a mold 670. FIG 19a shows the mold 670 having a bottom surface 672 which has
an array of mold bumps 675 machined thereon. The mold bumps 675 are separated
from each other by pockets 680, which form an array of pockets. The array of mold
bumps 675 corresponds to the array of solder bump 520 so that the solder bumps
520 of the chip 505 sit on the mold bumps 675. FIG 19b shows in greater detail one
20 of the solder bumps 520 sitting on one of the mold bumps 675.

When the molding process is completed, i.e., after pouring or injecting the mold

compound encapsulant 545 in the mold 670 and removing the mold 670 once the
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encapsul ant 545 cures, |eaves exposed the portion of the array of bunps 520
that 10 were in contact wwth the bottomwall 660 of the nold 615.
Remmants of the nold conpound 545 may be cleaned up by a |ight |aser

Pr OCesgnctpsufiiit 845 HagleRiréd] PorivHicst thenarvay Boldee bumps 520ctn the ghip 5065S.
FIG 1 9a shows a third nethod which results in exposed portions of the

a0l des : . | . th
bot { oDt gEEtioht Tar ke kY corBLe Sish G MRy Ut MAIE BRsTE7 R0 e "¢
bot t f whi.ch h f | d..b ' h :
The. moPRPaRAtD i 3 Sk ehews dn sFeati dRipland o thé Bpef BedE BEDGUIRRGRT o,
an array of pockets. The array of nold bunps 675 Cﬁ{l’g;s ond o.the array
of sol bgthgunpldscempeund$4% nkhersin & portignsof the gpldes PB ISPXPRFEY he
nmol d bunps 675. FI G 19b shows in greater detail one 20 of the sol der

‘benps fHitdughtan opening 686. oAny nemmants bf thesmeitbcompoundiresinod 45 thatprevest i s
conpleted, i.e., after pouring or injecting the nold conpound encapsul ant

545 i nekpésurel of thélsaglder bamps 520thFoudh thé épenings 685 may be claaned upay
545 has dgﬁsred, portions of the array 'jsgo‘?der unps 520 on the chip 505,

Wwhi ch qugpﬂtoﬁge} F_ﬁgc%fé Qs ﬂe&fﬁﬁé&?%b%&hint BBnAEERIN QLitAOiHE EEP SMABéRining
remai n exposed. Fl 9c shows 1 n greater detalil one of the sol der bunps
520 surrounded by the nold conpound 545 wherein a portion of the sol der
bunps BRFESE: exposed 5 through an opening 685. Any remants of the nold

‘conpound resin 545 that prevent exposure of th | d 52Q . th h
t hgp ogeni nggllt@ggaq%gjybg\sngg\éﬁggsmxgpmgitioning ttheear%)y o? rsol%uermasl.xmp %20 ét? %%le

'10 array of mold bumps 675, FIG 19d shows positioning the array of solder bump 520
on the array of pockets 680 of the mold 670. 'The mold compound 545 is poured or
injected into the space between the mold 670 and the chip 505. FIG 19e shows a
CSP package 500’’ which has been removed from the mold 670 (FIG 19d). The CSP
package 500’’ has a stepped active surface 690. Portions of the érray solder bumps

15 520 on the chip 505 of the CSP package 500’‘, which portions that were in contact
with the array of mold pockets 680, remain exposed.

As shoWn in FIG 19f, any remnants of the mold compound resin 545 may be
cleaned up by a light laser process as desgribed above in connection with the laser
machining process, wherein a laser beam 640 is used to remove the molding

20 compound encapsulant 545 from above the bumps 520. As shown in FIG 19g, if a
smooth CSP active surface is desired with exposed solder bumps 520, the stepped

surface 690 of the CSP 500"’ is ground by rotating a grinding wheel 695, as described
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a light |aser process as described above in connection with the | aser
machi ni ng process. Alternatively, instead of using positioning the array of
sol der bunp 520 on the 10 array of nmold bunps 675, FIG 1 9d shows

posi ti further inhcormigatioroiittoFIE200hunp 520 on the array of pockets 680 of the
nmol d 670. The nold conpound 545 is poured or injected into the space

whi oh has booh 2 aness Btolth MEtaPty sxBott e Bugt hfalval o st bui s
520 onoeRara e elBink ¢qBbBupd sneelshiaRR A whit %%é&%.s@%ﬁﬁrﬁg{’%rguﬁm
contact with the array,.of nold pockets 680, remain exposed shown in FIG

19f, affcarsHiating the %59&w'tbdnﬁdnﬁ!ﬁmsgommdwﬁpcww%ﬁ@é (ap shewn
i ght |aser process as described above in connection with the |aser

néchi nim§lGs dSecand 1@hethe antireé hottonh eurfagéeofi theupackage 5004V dés ghaumdbyi ag
20 conpound encapsul ant 545 from above the bunps 520. As shown in FIG

199, | methanival présdss; @.gy bystotating the ghawding Aviedl898,08s killicated iy BrroRs
520, the stepped surface 690 of the CSP 500" is ground by rotating a

21 o 207 4Rk aB8mPTe, F® GHiRANG ool 00T athissitho orirS BRARTN safrale 00 b
or 1 nai RAckage BP0r gl aled B SR ?Eéaﬁﬁ“s%%éﬁﬁﬁ“taﬁﬂa»‘nsf BPIET eutrpetinG

encapsgl 8nt 545 (as shown

10 FIGs 21a-21c show a fifth method that leaves exposed portions of the array of
solder bumps 520 after the encapsulation step whiéh involves using an a mold that
has an array of retractable pins. FIG 21a shows a mold 725 having a member 730
that holds an array o_f retractable pins 740. The chip 505 is enclosed in the mold 730
and the array of retractable pins 740 is positioned so that each retractable pin 740 is
15 located in front of a corresponding solder bump 520.
After the mold compound encapsulant 545 is poured or injected into the mold
725, and while the mold 725 is still closed, the array of pins 740 is moved toward the
active surface 510 of the chip 505, until the pins 740 contact thé solder bump 520.
FIG 21b shows in greater detail one of the pins 740 pushed through the mold
20 compound' encapsulant 545 to contact one of the sblder balls 520. This punctures
the mold compbund encapsulant 545. As shown in FIG 21c¢, removing or retracting

the array of pins 740 from the mold compound encapsulant 545 leaves an array of

21
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5 in FIG 15 and 16), the entire bottom surface of the package 500"' is
ground by a nechani cal process, e.g., by rotating the grinding wheel 695,
as" indi cated by arrow 710, and noving the grindi ng wheel 695 across the
ent i r eopenings) 220 thereim. 0T hi$ expesespoatiens 00 the asraynof selded bumps 620 thal.
Thi s exposes the array of sol der bunps 520. 10 : FI Gs 2l1la-21c show a
Fifth grirBed cohtdct WithSthePiRe LD.P Rehirdtits Uf thBmald eam%uﬁal :@ern 48NRay 20

after the encapsul ation step whi ch involves using an a nold that has an

Tha nBPAEUGEDTY Roft Mver B gidf ienfal by i g&wl WP Ble 5%y

the nold 730 and the array of retractable pins 740 is positioned so that
each r Bt IDPIRIOGPRS740 is 15 located in front of a corresponding sol der
bunp 520. After the nold conpound encapsul ant 545 is poured or injected

i Bt o t he nolA$ shevndnFlGid2,caftercexposing portiens of the arraycef salder bumps %20
pins 740 is noved toward the active surface 510 of the chip 505, until the
pi ns 746ingooneof thé divecableve desgribet) métheds, LtHe afrayofi packaget portsicswdh agne
of the pins 740 pushed through the nold 20 corpound encapsul ant 545 to

cont acth& itftefdorintR t SHIALY bR (oF 1:| Gb'i%{ilps)TQGé RUSlettH ity ARacReditS W%Rﬂgsed

encapsul ant 545. As shown in C, renoving or retractl ng the array of

bpen Zégf@@%*’%tﬁf%?ﬁwﬁ%m@%gg@?%m ; e %'?g\f RE SR PE 86 i hripened

520 that, were |l;‘hs?_. gt act with s?oIBL)P 740. Remmants of theBgRI pacﬂa ound

resin yﬁ methods o all attachment used in ing.
10 Attachment of the array of solder balls 560 at this stage is optional. [t may be

desirable not to attach the array of solder balls 560 at this stage since, without the
solder balls 560, the CSP 500 is more amenable to ha__ndling for electrical testing.

The array of solder balls 560 is used to attach the CSP 500 to the PCBl or PWB
550 using a solder reflow process, as in conveéentional surface mount technology

15 (SMT).

A!ternatively, instead of using solder balls 560, solder paste may be screen
printed on the PWB 550, as in conven.tional surface mount techn.ology, in an array
corresponding to the array solder bumps 520. The CSP, which‘does not have an array
of solder balls 660, is then mounted on the PWB 550 followed by a reflow process at .

20 the board level. This interconnects the CSP, i.e., the exposed portion of the array
solder bumps 520, to the PWB 550.

This invention has many advantages. One such advantage is enhanced

22
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be cleaned by a light |aser process as described above in connection with

the | aser machi ning process. 5 As shown in FIG 22, after exposing

portions of the array of sol der bunps 520 using one of the five above

descr inipiatusization, TKe absenge aif psubatrate seducess thd size of ¢he ineentiven ESP

sol der balls (or bunps) 560, is electrically attached to the exposed

port i qatkabetdte tivat tdis Atulyca etip-BizeNsadkige. Th%o@héﬂﬁd@énﬁdedi%rsihgilﬂc&yg%g I's
ed in

attached usi ng established nethods of solder ball attachnent us

packaghBQs i At ;ﬁ@g emilwl S t i ge
IS op?}t‘ gﬁ%ﬁ*ﬁ?”%y‘“ﬁe d g‘??%%e%_ngsg?{ '?'g%gg [niﬁ{%ﬁé’ arrgycg? Qaggleéggﬁlﬁséﬁdg
560 at_thj.s sta ince, w.thout the solder | 1s 56 t CSP, 50Q, i re
enatTeolEes I et OE, pdikating . riSadTs. BrdhyBRtve &rSR Ak MeaPR o0
is used to attach_the CSP 500 to the PCB or PWB 550 using a solder reflow
g ocedBaking thergefhavei lavy casty sinee these: is aehneed for 1& substietg and other
Alternatively, instead of using solder balls 560, solder paste may be

scr eerinterimediateoprociessé$\B 550, as i n conventional surface nount technol ogy,
in an array corresponding to the array sol der bunps 520. The CSP, which

does not heRirally) therabovelfdeserided ebibddinfedits of thé prsseme itidiftioarelifteRdBd550
foll owed by a refl ow process at 20 the board level. This interconnects

the C3B pd jiRstrative @ﬁﬂg‘.r)lsﬁ%fé%ﬁjs %ﬂgmaﬁwn@tﬁggg&gﬁh&% Thd etnBodiments®

PWB 550. This inventi as nmany advant ages. vantage I's enhanced
23 may be devised by those skilled in the art without departing from the spirit and scope
10 of the following claims.
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m ni aturi zati on. The absence of a substrate reduces thesizeof—the

I nventive CSP package so that it is truly a chip-size p @ £nother -

advantage is sinplicity of manufacturing. Al the proce ’“ I”H"’ng
the inventive CSP are established practices in electroni

Furthernore, the inventive CSP and nethod of 5 maki ng t her eof have Tow
cost, since there is no need for a substraggapng ot her internediate,
processes. Finally, the above described enbodi ments of the present

i nvention are intended to be illustrative only. Nunmerous alternative

met hods, structures and enbodi nents may be devised by those skilled in the
art vmthout de art] n mthe SBI rit and scope 10 of the follow ng

cl ai ms.! BXFWB 1pac age gAMPESiINGs package conprising: 5 a

chip haV|ng an active surface; chip ports arranged in an array on said
aéive surf@@hlpdna\angaqnsactam sutfack; encapsul ates said chip and portions of
said chip ports |ocated nearest said active surface, portions of said chip

ports whi ch ohip portsaadnged in ancarrayion wdia&imdm;bei ng exposed from
sai d encapsul ant; and 10 a package port attached to the exposed

portions of &ﬁéﬁc&ﬁ%tﬂaﬂp%lc%ﬁﬁﬁb%ﬁ?ﬁsQﬁKﬁB%M'bbrﬁén@b?%id ehig ﬁorts

connectable to a circuit board ) e chi p-sized package of clarm 1

furt herlo&%rﬂe%rggt said active surface, portions of said chip ports which are located away
from said active surface being exposed from said éncapsulant; and

10 a package port attached to the exposed portions of each chip port, _wherein

each package port is electrically connectable to a circuit board.
2. The chip-sized package of claim 1 further comprising:
a frame tie-bar; and

15 a die attach which attaches said chip to said frame tie-bar.

3. The chip-sized package of claim 2, wherein said frame tie-bar and said array

chip ports are on opposite surfaces of said chip.

20 4, The chip-sized package of claim 1, wherein said encapsulant is an epoxy

molding compound.
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a frame tie-bar; and 15 a die attach which attaﬂﬂﬂm ’uﬂmlllu’m
said frane tie-bar. 3. The chip-sized package of cl ai miZas RIS a s
frame tie-bar and said array chip ports are on opposite surfaces of said
chip. B0  The chiptsizexhppekage dof plaitnatewiiereinzsaid arrayhef ehip poritsicomprises
encapsul ant is an epoxy nol di ng conpound. 5. The chi p-si zed package of

claim }n %@ﬁ%%m&t%rmgg dibdllsports conprises an array of conductive
bunmps or balls. 6. The chi p-si zed package of claim 1, wherein said array
of chip ports conprises 5 an array of netal bunmps. 7. The chip-sized

package of claim 1, wherein said array of chip ports conprises an array of

conductj ve | yner Qunps oy balls, .10 8. . The chip-sized ckage of
claim B wndihg ship:aiged PRasags of AlaiMpLy whierein said arcay of Cip RS Ghnises
The chi p-si zed package of claim1l, wherein said array of package ports is
arp arr@yiwa%@idnetﬂﬁwmm-yrrer bumps or balls. 15 10. The chi p-si,zed
package of claim1, wherein said array of package ports is an array of

sol der bunps or balls. 11. A nethod for form ng a chip-sized package for a
sem conductor chip having an 20 array of chip ports on an active surface

conpri sz,ng iy EhipPsizéd package of claim 1, wherein said array of chip ports comprises

an array of conductive pdlymer bumps or balls.

10 8. The chip-sized package of claim 1, wherein said array of chip ports is an array

of solder bumps.

9. The chip-sized package of claim 1, wherein said array of package ports is an

array of conductive polymer bumps or balls.

15
10. The chip-sized package of claim 1, wherein said array of package ports is an
array of solder bumps or balls.
11. A method for forming a chip-sized package for a semiconductor chip having an
20 array of chip ports on .an active surface comprising the steps of:

mounting the semiconductor chip on a frame;

fully encapsulating the semiconductor chip in a mold compound;
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mounting the sem conductor chip on a franme; fully encapﬁulmmmmﬂﬂm“m
sem conductor chip in a nold conpound; 26 renoving.t
encapsul at ed sem conductor chip; exposing from said encapsu art forfiohs of

sai d chi p premevingthefrasvefrom the eacdpsulated semitowductoeichimns Of sai d
chip ports which are |ocated nearest said active surface remaining

encapsul at edxpdsing floféaid ercapsulaht portions of sald éﬁi&)ztgtgi‘té‘%@é’c &'dviddly $fom

package ports to said array of chip ports, each pac port e| ng

Fur o PR FEMISLE ket b in A el o B
circuit lgoar g ‘3 d of claim 11l further conprising .
el ect r PREPFS rﬁ'c"'taéf@ﬁprfd’ctal‘?éu P 9"§P'Q:ﬁf‘ﬁaﬁ BELt%G circuit board using

sol der paste. 14, The met hod of claim 11, wherein the step of exposing
tBe array oftt@shingapasraysof packags ports toi saudgprm af chipbports: each paskagei d
portions.of the chip ports |ocated away fromsaid active surface. 15. The
met hodpoft béingrelédtricatlyrasinmechablettepa elrcaititssdrdy the array of chip ports
conprises grinding the nold conpound to expose said portions of the chip
ports 20 | ocated away from said active surface.

12.  The method of claim 11 further comprising electrically attaching the array of
package ports to a circuit board.

10
13.  The method of claim 11 further comprising electrically attaching the array of

| chip ports to a circuit board using solder paste.'

14, The method of claim 1 1, wherein the step of exposing the array of chip ports
15 comprises firing a laser beam to expose said portions of the chip ports located away

from said active surface.

16.  The method of claim 11, wherein the step of exposing the array of chip ports
comprises grinding the mold compound to expose said portions of the chip ports

20 located away from said active surface.
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27 16. The method of claim1 1, wherein the step of eimrm"ug“l‘uﬂlll /
chip ports conprises the steps of: inserting an array

coimpound before the nold conmpound cures so as to contact sai portlons of

t he chilf. porthe method®f-slain fllowheriein the step of expesingabe,areaviof ehiapoitag
the array of pins in the nold conpound so as to expose said portions of the
chi p peoirprisesahecstepsyfi rom sai d active surface. 17. A nethod for formng
a chip-sized package for a sem conductor chip conprising 10 the steps of:

mount i ng thﬁ\s%?ﬂhﬁg e of i HEMI d?t‘]‘c?{ninﬁé(lfr?é b6Rbi B hiolhbdmBBlild

havi ng a supporti arra chip ports sits on

supporting surface of t | d enc tin S mcondu t or chi

ol 0 SHIR A0 28i1P, eTiREY SAPPrioRy GEe Shipdsrt focsiganvay, Hofh s Beliven,
t he encapsul at ed sem conductor chip so as to expose fromthe rml d conpound
pBrti ofYrf@rer ABdarray of chip ports that were in contact with the
supporting surface of the mold; and attaching an array of package ports to
said array wtramlpgﬂmasaveﬁ@n:pucttwaold)comppund socasitp ej(msesaldlpqrtlons
connectable to a circuit board.

of the chip ports located away from said active surface.

17. A method for forming a chip-sized package for a semicond'l..lctor chip comprising
10 the steps of: |
mounting the semiconductor chip having an array of chip ports in a mold having
a supporting surface so that the array of chip ports sits on the supporting surface of
the mold;
encapsulating- the semiconductor chip in a mold compound while the chip is in
15 the mold;. _
remoVihg the mold from the encapsulated semiconductor chip so as to expose
from the mold compound portions of the array of chip ports that were in contact with
the supporting surface of the mold; and
attaching an array of package ports to said array éf chip ports, each package

20 port being electrically connectable to a circuit board.
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28 18. A nethod for forming a chip-sized package for H!mmmﬂmuﬂﬂﬂ hi p
conprising the steps of: nmounting the sem conductor ch y of
chip ports in a nold having an array of nold bunps at a supportl ng surface
so t hatl& he Aumeshod forformingachipssizedpackage fohasemicondiictanthipmomprising
encapsul ati ng the sem conductor chip in a nold conpound while the chip is

i n thethelsteps efiovi ng the nold fromthe encapsul ated sem conductor chip so
as to expose fromthe nold conpound portions of the array of chip ports

that were i qnm,ggi%g\gé,h,&&dfuctﬁp&, SR%rr 1R dtfofd hAVing'

i
package ports to array o rts eac ackag E port bei ng

el ectricall bIet acrrcrt b forf

chi p- s P, SR ATA PGS BT RubRATHe sORRCR sofist tap RISt iR pattLnEs of.
nounting the sem conductor chip having an array of chip ports in a nold
h&vi ngtgﬁ agraya 9t proldumpSicket s at a supporting surface so that the array
of chip ports sits on the array of nold pockets; encapsul ating the

sem conduct @ncapsylatingtheseimiconduatar chiip lir atmeld-composindrwhile the chip isdnd;
removing the nmold fromthe encapsul ated sem conductor -chip so as to expose
from t RRe MAbKM; conpound portions of the array of chip ports that were in
contact with

removing the mold from the encapsulated semiconductor chip so as to expose
from the mold compound portions of the array of chip ports that were in contact with
10 the mold bumps; and

attaching an array of package ports to said array of chip ports, each package

port being electrically connectable to a circuit board.

19. A method for ;orming a chip-sized package for a semiconductor chip comprising
15 the steps of:
mounting the semiconductor chip having an array of chip ports in a mold having
an array of mold pockets at a supporting surface so that the array of chip ports sits
on the array of mold pockets}
encapsulating the semiconductor chip in a mold compound while the chip is in
20 the mold;
removing the mold from the encapsulated semiconductor chip so as to expose

from the mold compound portions of the array of chip ports that were in contact with
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29 the nold pockets; and attéchi ng an array of _paé'kagelﬁbrts to said array

of chip ports, each package port being el ectrical uuln ' ﬁmﬁmﬁlémfpgckages

circuit board. 5 20. A nmethod for formng an arr
for anthe mejd pockets:@tuct or chi ps, each senicondlictor *chi®p having an
array of chip ports on an active surface conprising the steps of: nounting
the array o#ttachingoanamtayrof paciageoportsftocsaid laerdynof chipapords, each package
cavities; fully encapsulating the array of sem conductor chips in a nold

CO”POUEQit EéiHB‘éilé&ribBﬂyfcb%ﬁ%ciéﬁl@tb@pﬁﬂﬁﬁﬂ%&r&l ed the array of _ _
sem cohductor “chi ps; exposing fromsaid encapsul ant portions of said chip

ports | ocated away from said active surface, portions of said chip ports
whi ch are | ocated nearest said active 15 surface renai ni ng encapsul at ed
in said encapsul ant; and attaching an array of package ports to said array
of chip ports, each package port being electrically connectable to a
circuit board.

20. A method for forming an array of chip-sized packages for an array of

semiconductor chips, each semiconductor chip having an array of chip ports on an
active surface comprising the steps of:
mounting the array of semiconductor chips on a frame having an array of
10 cavities;
fully encapsulating the array of semiconductor chips in a mold compound;
removing the frame frorg the encapsulated the array of semiconductor chips;
exposing from said encapsulant portions of said chip ports located away fl;om
said active surface, -portions of said chip ports which are located nearest said active
15 surface remainihg encapsulated in said encapsulant; and
attaching an array of package ports to said array of chip ports, each package

port being electrically connectable to a circuit board..
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