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WD 2007/ 008171 PCT/ SG2005/ 000225 | NTEGRATED Cl RCU T
DEVI CE AND METHOD OF MANUFACTURI NG THEREOF BACKGROUND
5 [0001] This invention relates generally to an

woreegomiAad circuit (1C) device and a net hoder@f/sG2005/000225

manufacturing the IC device. Mre particularly, this
invention relates to an |C device including one die
or two or nore dies arranged in a matrix array package
configuration so as to achieve very high pin counts
and nmultiple functionality with in the defined device
geonetry, and to a nethod of manufacturing such an IC
dev! RPEGRRTED eggdUI%E'%CEI'HWﬂrMETﬁbBrdliﬂhNQPA@fURlNG
elec roni c products ere 1S a need to also reduce
the size of |IC packaged Ti¥REQ%es and to add nore
functionality so that nore of these |IC devices can be
% KEHOHNBO a given area of a substrate. Two

roac have been taken to neet such a need. A
f00PHt  apiis bueiion Eslafes Jearallydo arhiategragesl cipuit (63 dRRR 30 2of |
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I Zze O
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ht@ﬁé ah'éi Qﬁded dikdctp 6ON wefeP©® r@hi@ﬁh@ia chihgitedipacitagets srhich are

L
aetocdarg dintitectio e i0viensity as the chlp §EE dF*@!“@!@Qﬁ thepaskassle 30
tdigmsanme are separated. SUMVARY

[0003] U.S. Patent Nos. 6,777,267; 6,768,331; 6,667,543, 6,635,509; 6,596,560;
6,593,220; 6,485,281; 6,452,238; 6,441,488; 6,429,511; 6,341,070; 5,448,014
discloses an IC device having a footprint approximately the size of a die of the IC
device. The steps for manufacturing the IC device includes: (1) providing a wafer
that includes multiple dies wherein each die includes multiple connection pads, ‘
Different packaging process steps are added to arrive at the final IC device before
the same are separated.

SUMMARY
[0004] According to an aspect of the present invention, there is provided a

-method of manufacturing an integrated circuit (IC) device. According to the method,

a wafer including multiple dies separated by separation zones is first provided. Each
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[0004] According to an aspect of the present
invention, there is provided a method of
manufacturing an integrated circuit (1C) device.

wERoTelsg to the method, a wafer including pgy
di es separated by separation zones is first prg%Fggﬁmmns

Each WO 2007/008171 PCT/ SG2005/ 000225 2 die includes
connection termnals on a first active side of the
wafer is separated by wafer dicing process well known
in the art of sem.conduct manuf acturing. A

conduct ive substrate of pre determ ned thickness and
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@g 41C I8MIERIy QQnIe@,Q@ﬁﬂay Fffrtﬁérﬁzﬁo‘hﬁlle)'ormtnb% plBlinost ey

he I
mgcﬂe% p%q%‘fen#h gt S6r pietpfocva i e Reg" | on
subethdtive methnds that arsweitknaet invte arbefserdisondeter Tapricatiga] |

?ggﬁ@ .d N the art of sem conductor fabrlcatlon
R b e B 8 A e et
additive and or subfractive methods that are well known in the art of semiconductor
fabrication processes. |

[0007] Preferably removmg substrate material includes removing conductwe
material from a second side of the subsirate, opposite the first side, o expose the
patterned circuit layer on the first side of the substrate.

[o008] Preferably, the method may further include substrate etching depth be
determined by functional requirements.

{00093 The method may further include forming terminals electrically connected
to the contacts. Preferably, forming terminals includes forming a solder mask over
the routers and contacts on the second side of the substrate, removing portlons of
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wok®rh®hi7ii ncl udes renovi ng conducti ve

25 additive and or subtractive nmethods that are well
known in the art of sem conductor fabrication
processes. [0007] Preferably renoving substrate

second side of the substrate, opposite the first side,
to expose the patterned circuit |layer on the first
side of the substrate. 30 [0008] Preferably, the
met hod may further include substrate etching depth be
determ ned by functional requirenments. [0009] The
method may further include formng termnals
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substrate.” The contacts on the second side of the
F?rfflgi"a%nductlve substrate of the first die and the
{oomtjact Brefemakihh the interpaaedfos cahpedibng In madeof@flgxiblesiierdt | ve

8o For AteFeRhedib® RRFERATE Bivite@iPind prirkddRircuit board.

[C015] According to ancther aspect of the present invention, there is provided an
integrated ¢ircuit (IC) device manufactured according to the method described above.
This IC device includes a first die having multiple connection pads on a first active
side routed to the corresponding contacts on a second side of the first conductive

" substrate. Some or all of the ground plane contacts on the second side of the

substrate are electrically connected to the heat sink attached to the second side of
the molded IC chip.

BRIEF DESCRIPTION OF DRAWINGS

.[00186] The Invention will be better understood with reference to the drawings, in
- which: ' '

mat erp@ysd200800625
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20 connected using an interposer with conductive
contacts formng a stack configuration. [0014]
Preferably, the interposer for connections is nade of
wo bdoewosilie circuit board for interconnecti oRsdEhyRBER2S
| C devices to the printed circuit board. [0015]
Accordi ng to anot her aspect of the present invention,
there is provided an 25 integrated circuit (1C)

devi ce manufactured according to the nmethod descri bed
above. This IC device inchudes a first die having

mul tiple connection pads on a first active side

rout ed 4{3 18NS &9 (5& %%889&1 ﬁ}gvgﬁgﬁ&aghﬁor% R’ &c%fi:@@ ﬂa\ﬁr\gd§

of thedfrrst con Sonme or all of
gradsu fewel packaes eh@uRtios agheanRectadde grHbLRipdsh S H%r “mps ’
subst gigire 2 & £setliciel Bimdigloy the present ivention nethed ebating ank
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5 I'F are sectioned drawi ngs of a prior
él" S evi ces having a wafer |evel package
CRigfré 4 Istaadettineddrdwing fibe precent nventiotimethpdtshowiag afjp chip

%gﬂcpéﬁ&m routing trd&d Sredity & 3)3on3{ﬁ&fir‘s@}ﬁqzﬁb'f @8l daaduefivet he

sent I nventionh nethod,” show ng first side one
@EHS‘IQ‘ﬁée)second side (6) of the conductlve substrate 8)
FidarefS ig 4 sestiSnddsirawigpafitheqmessnidneniiangnafiod, hter fufles ent

oM N ?@@ﬁﬂdf%i R

m@33@WI%ed yting trage iy (3) Fi gure 4 is a
sect i pnesle iifaaé&tn’tﬁte@ﬂrawi@ opheseaént inuergios methodeshbugiog

ef'(%?cs,%J] 1%ut| ?ep cn%? %{g 1 92 &rﬁ%ﬁ géc;oﬁt‘fggg &) & tﬁ@@tsnﬁﬁ'%ﬂnjtz Rg

ere Irst de (2
@W@l@ﬁﬁ)ve 10 substrate (8) ; Figure 5is a sectioned

dr awi iiglir®¥ istd¥ip 6 Q&R of Fig 89 ¥hofn foireadyanderattitding df &lrhgr
ca&ﬁ'{ﬂ atl#) ¢ éﬂot he first side (2) of the substrate
(‘%}’ I§,mp ?%0 HPeR*15) attached to the patterned and
et chdtguren i is Agestionrsedrawing efithe gumentyventionimiiod shoyiag g
%&ﬁﬁlét@d“l@%edi&é‘(”ﬂo)"\gltrpéuﬂﬁ bfmt&@ﬁ@d&l ihdliAion lapéts (ﬂiﬁfh
In

BrlGEr SRR L) el S ey () thd ot a2

Figure 9is a sect|oned drawmg ofa dlfferent embodlment shown with threa
different IC devices (A, B & C) packaged fo anjlve at a system in package (SIP)
configuration (12) ;

Figure 10 is a sectioned drawihg of yet another embodiment showing two

. different IC devices (X & Y) packaged to arrive at a stack package configuration ;

Figure 11 is a sectioned drawing of yet another embodiment (16} showing &
through 'hofe filled conductor (35) bridging the ground planes of the build-up levels
(23) with the heat sink (3?) attached on the fop side of the IC chip for grounding and
electrical shielding purposes ;

. DETAILED DESCRIPTION

[0017] Figures 2 through 8 are drawings showing steps for manufacturing an

" integrated circuit (IC) device (10) according to an embodiment of the present
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substrate (8) ; Figure 7 is a flipped drawi ng of Fig.
6 shown for easy understanding of further steps of
this method of invention ; Figures 8 is a sectioned

wo aw7nes1tf the current invention nethod showsagsezoos2éhor2s

conpl eted 1C device (10) with build up interconnect /
i nsul ation layers (21, 23), a solder masking |ayer
(25), solder under bunmp netallurgy. (27) and sol der
bunps (29); Figure 9 is a sectioned drawi ng of a

di fferent enbodi ment shownswith three different IC
devices (A, B & C packaged to arrive at a systemin

RAckRgeTh deS dé° ench %Ft% Shlﬁ’lﬂid)\ﬂBE(Ak?éLECTﬁﬁ:AEw SoNDLETIVE a

sectl one aw n anot her e
SHBSTRATE () Gralrs 2. Hha B () owie DRt SG e & SPv-feh
%hua?e 6it ragid ipaek MuRiple@ohd pads at amnection 5ac§ tiredcdrespandg to
CLI O
HERURRT S Pl flinal t ICRRIGRE BioR BRIt d Bloytt
toaterng G alate pﬂ*’f@ﬁ’é’ﬂ op thetfird sige (2) atfn%CQHQ\}@V%S“ (5%%‘;‘ ?
tpEx%alwfee(?)thefs t1rsb<(FggEFe) 3) a’tﬁg&ﬁh%ﬁ@fbaﬁ@m the porgluctive efibstrhie, | C
an
i s ofogHy g&ﬁ?@#%‘iﬁ%%%;’eﬁ@e%ZE%emb'y
the poegise@ omihe cglmohvnggb%'ﬁ@\bw RFhRgUep gn 67'"3%% arzelur i ng
g(ﬂwé nﬁ'ﬁ%@r@f %:&nﬁ%ﬁménh&tuﬁ%n@ ﬂot(cﬂé&)zsésaﬂ fathid invanton
SeshodCot RPN e st RS 1 Bf o corkigive SRRAdS may peruty
a:oﬁﬂ%ﬁkd DR b B ECTRhOHE N degsDsaTeoipn p@@smm@ rep
(:F&Lﬁtw 1& olgtgln a%x%ﬂgﬁ LiiRtrRe. (M- s&@él' bti’rﬁpéii ib@éﬂlcesﬁ(ﬂw

Lel Ve dhﬁegaeor c%tl'enfstae f i
VEigre 6} e B 0P Bongied with FRSPeRIYR PO PR%AL e Ipt S DR BiSnds
icOndutiie sphsitsial Thieooding ofiid eetidedo theeniitratelase vy well known

g;l‘%l B& s%l?@ﬂ iyl d’hog ﬁ%ﬁbﬁb??t}bl; %Qir?lgi Srid ot diScuBsddinRFNS

EMEICH ST NACIAD G R E R
(FeérQhe 1© RBYiceshS) agnientatiashes idse aubstrdierootnydace civitry

2@53 ﬁ:;e’ 8’?{&@'}{ tl}e@%}{édgglﬁ gﬁ&ﬁfdét%aéﬂévoﬁg & rtrﬁﬁé?é}'?r%ldir% and or an

ermna

priestiers welding methids @ﬁﬁd’aewvféafﬁﬁa‘g%“r@?‘@/i?ﬁe? I%E‘z%h‘% ‘ﬁ%’é °
Ahrsdf 'ehdaﬁsdléiiaﬁ te@ﬁrﬁqd&@ | The uk D didtdrbied crldlectae tatdial on the

sem
SRPR B rorpapAde ey B (e £ eS*@%@PHﬁ*@???%‘{@di’?' :
cBmice! andher naasheninet proeesaendhat ﬁe&vee"ﬂfaewrﬂe (reppje skilled in
BRI cﬁ%&ﬁ#cdfﬂdﬁ&oﬁpp&:eﬁeﬁ rl&bﬂeia]ély(ﬂfe um:héturﬁécﬁnété}laﬂ evihee
connect | utin
second side ?6) mptgle subsfpeﬂe ES? s remgled m—orger to expose the circuitry (13)
that is partially etched on the first side (2) of the substrate (8);
[0018] The next step proceeds fo a FORM BUILD-UP LAYERS (21 and 23)
(Figure 8) on the exposed circuitry at the second side (5) of the substrate (8) to rout
the interconnects and obtain a fully encapsulated chip scale package configuration
(10) and function. Preferably copper may be used as a conductive trace (21) (Figure
8) material and solder mask be used for dielectric layer (23) purposes. The final
passivation mask layer (25) (Figure 8) has been deposited, portions of the

- passivation layer (25) over the connection pads (21) are removed using conventional
techniques, such as photolithography and etching, in a REMOVE PASSIVATION
LAYER PORTIONS to expose the connection pads (27) (Figure 8).
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circuitryto obtain a matrix array substrate.
Pre-sol der bunped I C devices (15) (Figure 4) are flip
chip bonded with respective bond pads on the first

wob ee7/(@)7iof the conductive substrate. The bpngsemosnfoozes

| C device to the substrate are very well known 15 to
the people skilled in the art of sem conduct or
assenbly and not discussed here. The first side (2)
of the conductive substrate (8) is fully encapsul at ed
(17) (Figure 6) after thegl C devices (15) have been
attached'to the substrate-routing trace circuitry
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fve Fi gur e
b erethicchnasgivationtsyerd P@Vrabbfrﬂetﬁ#)é qicrefhgickps %P@E’H Higup
) OP S BSRSS thB abldérmeaskids) okiheiNid bassiviionyeptoseriigithd ed i n

ﬁ?ﬁ% S (%U?a%%rzee {ngp d&Jlfs‘n% E&Q]Sr‘ftﬁﬁa? tegﬁﬁl&%qﬁ ??E}(ﬂd\h‘;ﬁ
SObBER MASKFORTIGNS step tceekppi the ersiactsd28x paerlqes gumps

95 SidittenYorintd n a RORIM BAILDER BUAMHS sdg dvefthe bathotn(2T e the

| g%c{eﬁé ek gtk esrae RN & Bl 8O pB Bige %zid _f

(nFiigue & Bie senuanbefieipewisdn 2 PECARATEDIEE Sﬁ?é‘%‘é’é’ﬂh
gmg f,p,‘fégtloﬁ,ubstrate (8) to rout the interconnects

t full | at ed. chi |
TGN gultshomlype ol R i i i oy PP e gfe A0,
abyve Bequenads asly ancqmssibie mbedimerd otth¢ prepent IRveniice. 8)
E—%@r}%ﬁ | abn ANE d%@i%,(ﬂ@ﬁ %ﬁlﬁ uhﬂgdr'é@%cé&ﬂtn@!o@ﬂ%ﬁéﬁb@durhﬁﬁ@r

t
o e e o B s T
BRI (Y3 phcaicddaierrdit@b)a aboes ssghence smesiieswibedabiee IC21)

g%vgcier %?%@g?%tﬁﬁg%f@%ﬂﬁﬁﬁﬁfo% Blvices 85 I'H‘&Nallﬁégk\eg}gls E\]/f'la'ls N

emmve@mwl&%e BresGhips Fﬁé“"%’éﬁ’ﬂ‘?@%‘?‘%ﬁ‘ N LRRET foyt9
(rEdeQ:'#ELﬁtry@nd P20 Ha096 hid SRETNSTRROTbGRE2 ZRibs@UpaY19]

F
e ST e A e it
pdlweery p@mostt%ﬁ‘ﬁﬁ hallG chipr i B Qareritachag be

é&idaem miaterial I%hm‘eeerea&{c%;detdmms sﬁlﬁs&atelmnﬂwxéemal dﬁﬂ]ﬂl\d first

{
P gy ppost ot eeperrdd PR s Jﬂﬁzes%?%?s i%e
suiskats to @} themew mthmrmepfdwwmmﬁ ancé%qu atipf 'éff“é? Ay |
Elﬁp %ﬁdtﬂé @fh%ﬂ:véé“o?«h(n@ﬁn ad8y¥fent iR Fakigide e SIP) thus chinpliéteots

e solder mask (25) or the third passivation |ayer

Bi9%RSE gy dhig grapodiment.
[0o21] Another embodiment of the IC chip (14) fabrication is shown in Figure 10

where two IC devices (X & Y) fabricated using this method of invention are vertically
stacked using a flex substrate to further increase the functional capability of the IC
chip {14). The IC chips (X & Y) of a stacked-die IC device (14) may be of the same
funciion or of different functions. An example of a stacked-die IC device having dies
-of different functions includes a processor die, a memory die and a MEMS dieina

" stacked configuration to produce a system-in-chip (SIC) device. These stacked-die



contacts (27) are next renoved using any conventiona
technique in a REMOVE SOLDER MASK PORTIONS step to
expose the contacts (27). The sol der bunps (29) are
whem7hasamed i n a FORM SOLDER BUMPS st ep overpd€G2005/000225
contacts (27) on the 10 second side 6 of the substrate
(8) to function as termnals for the dies (15), as
shown in Figure 8. The sequence finally ends in a
SEPARATE DI ES step not shown in the nethod of

i nvention. [0020] It should be noted that the IC

devi ce (10) produced according to the above sequence
' PR Sb1BEk BB bf dbivickd) Sudhrae SAEMS and
Fﬁ%&ﬁ%%%ﬁp£§C:15?gg€ﬂces, sgﬁh'as | C device (12) shown
pusfars gropelic v (XWPARHERS 0 ot her enbodi ments can al so
fpe2418n UkrtHer eabbodiirit oS abipe(e) fabricatien isgbeiienEgure he
%ﬁ%%%%hﬁ&?h%gnc}ug%rir%g (555 )i 16nelt btvedf 918 goast paRremAd ng to

equence | néxt descrihed.. T | C .. devi
¢onpyctechuihorekeat ﬁ'f‘!é@'7b‘?"f"f’%?'g‘?1‘t’f tﬁ*i]?&?}”&%ﬁﬁ% afe%v'ﬁ*% §§°§‘§, B
SicGonbicl6 BiReldihg alid\ery afletitve titera nsnagsiment that it dor
ree chins are int ted by the upper routing 20
FF&‘@%S%% ﬁ"@&f 6?@"%@3%@%@@% on pads on the side one of
the substrate. Subsequently, side one of the
substrate is fully encapsul ated by nol di ng conpound or
a suitable polyner / conposite after the 1 C chips (A,
B & C) are attached. The un-distrubed conductive
material on the second side of the substrate is now
renoved and the first side circuitry exposed. Forning
appropriate build-up-layers on the second side of the
25 substrate to route the new i nterconnect bunp
| ocations and singulation of the multi- chip nodul e
(ot herwi se now known as Systemin Package - SIP) thus
conpl etes the process for this enbodi ment. [0021]
Anot her enbodi ment of the IC chip (14) fabrication is
shown in Figure 10 where two I C devices (X & Y)
fabricated using this nmethod of invention are
vertically 30 stacked using a flex substrate to
further increase the functional capability of the IC
chip (14). The IC chips (X & Y) of a stacked-die IC
device (14) may be of the sane function or of
di fferent functions. An exanple of a stacked-die IC
device having dies of different functions includes a
processor die, a nenory die and a MEMS die in a
stacked configuration to produce a systemin-chip
(SIC) device. These stacked-die WO 2007/008171
PCTI SG2005/ 000225 7 |IC devices may al so be used for
non-opt.i cal type of devices, such as MEMS and



.sur.face acoustic wave (SAW devices. [0022] Anot her

enbodi nent of the I1C chip (16) fabrication PEHSEN2005/ 000225

Figure 11 where a through conductor trace (35) is

formed between the ground planes and 5 connected with

the heat sink (37) on top side of the |IC device 16 to

provi de a good electromagnetic shielding and very

effective thermal nmanagenent that is required for RF

wi rel ess and or high power applications. PCT/SG 2005/

000225 8 CLAIMS 1. A nethog of manufacturing an

integrated circuit (1C deviCe package conpri sing:

eLAMEdi ng an integrated circuit device having

connection termnals; providing a substrate having a

first side and a second side; formng a plurality of

tonnetmetn opmdsifturibdien ifitegrated SicGEI0) edidd@ 28BS EdnidhiSing:

the  plur glolidivg HintedrRERG L UByiRIGnd QL %%R?Mihﬁ% to the

connectiop term Q‘El S glf the 1nt eq%r ated Ci rcul

devi ce; f BT TPHRIEL2WIY 4TFresifs 34 p sePRdsidst t he

subst r at eforigpg apherality ¢f cenirkestion pata ew the fingt sideef the cubaieaté, ithan

t er miphidity ofondelinipBdsegia@baiding totid HohneBifdH kdrRindiP o iRE P REd

Ci I Cjrdult Yevicgt t @achi ng the connection termnals of the

integrateﬁ circuit device to the corresponding

connect i ofiMPdEe PN thedirst pidleaf thesehstrate fof elestrisally sennagting the

- encafYukdion oninasef the inteigrateid diecud flevich © exabaltaraiite; t o enbed

:he |£}§g£t_atrﬁr@ 1 dorébtion GaMihdieor tﬂewgf&%&ﬁ%‘: &%%‘c@t&st ant
oge . Araces:. r vin substrate from

t he %eco%oghlééw?é?e%g%p%gsl_ '?”eth? 'ﬁrée.[%ﬂdf ?@fe sé‘ﬁ ' of the

subst r at e®"CSURS &8 firstriderof the wbstrairielempied teditempterhcircuit device

encajnsidé ie prapsulzol togetHehwith theirapesgh hol e on at | east one

side of thmoving thelGdySE (r&if i

JRTT ey ;gﬂ?%gggdgg‘g%& e e v

accor o'l’l ng ?p.p&f armores £ t her conprising providing a

pl ur al i t Pryfding 3p enspesulstiondeqt with & throwl e ersatdeastiondisive aithe IC

Connésice envagsekntitarainsthe Blagra@l tircihietig: RaGRe.i Nt egr at ed

circuit device to a correspondi ng connection pads on
he first, surface aof t substrate to forma pluralit

zt')f_ i Iﬁ 8%?%1 °%°6‘I'"9§‘r ‘F'i“’ﬂi‘t'{?’g‘&ﬁ"'ws'ﬂ%%d@t%.P'u'@!ﬂvwr\tﬁétaf?safrcu¥

dayiced pagh haying epnigctign tampinald, endisheshing epntpintegratertrirad Pevica td 21 g

carespgdigepaedibn @is ori tRemst RRhRERe substb@ & idHn@ iRy Gfli'ritéc?rated
R dkiBSpabiRgdsOr m @ plurality of separate integrate
circuit device packages.

3. A method according to Claim 2, further comprising separating along separation lines between
integrated circuit devices to form a plurality of separate integrated circuit device packages.

4, A method according to any one of the preceding claims wherein forming the connections pads
is by an additive process.

5. A method according to any one of the preceding claims wherein forming the traces is by an
additive process.

6. A method according to any one of the preceding claims wherein forming the connection pads
. is by a subfractive process.
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.4. .A method according to any one of the precedin
claims wherein formng the connections padsf'(:iTJS% 2005/ 000225
additive process. 5. A nethod according to any one of
t he preceding dains wherein formng the traces is by
an additive process. 6. A nethod according to any one
of the preceding clains wherein formng the connection
pads is by a subtractive process. AVENDEND SHEET
PCT/ SG 2005/ 000225 9 7. A nethod according to any
one of the preceding clains yherein fornmng the
tracers is by a subtractive process. 8. A nethod
according to any one of the preceding clains wherein
conductive bunps are formed on the connection
fer mi hAged Grcordie tojany ene ¢f thenseceding claimswhereia foaunadhediares it by a
awbjractive@roodss.t he precedi ng cl ains wherein formng the
conductive pads on the first side of the substrate
urther .c rises: deposjting conductive material at
he p 'ﬂ?‘%ﬂ%%’dgﬁ ‘°&5‘HH§*@? 18 Arerding Fijms vhessis cogdycve @umps are
fnmesiop e eonpprlienctermingly of thelSalsyitssng i s el ectro- 1 ess
plating, electrolytic plating, evaporation nethods,
putt L Lion nethods. sol der .
E@%”‘@eﬁiﬁg‘%ﬁ@? (SR TPRE kBl (D Bichan B Hp condygve
ALYE eS8 o the WhstiRta thetsomReseFve pol yner s,
ani sot r opflerosiingnchdottive/matbiid atghephobliity@ncbntdciioneald BSOS on the
and Nap¥Ete AReSIE ik YbobBHg didthrS1ead\Watih, leﬁﬁ&otﬁi@ﬁlﬁnﬁlg&v&pmﬁon
" e51 Shorkld D00 ol SBYebatlSn b eI LA LR Connigct | on
pad ['GCAtT ONS Prior —To TheHLpXErsPISH rating aMdefloyimslods,
mat erfra Pending #igs franetiters Iservietegiwity pradyctive pslymérs, anisdteapier s
f r omcpriviactive filras argicoreiuaife tdaes snilNRNCabaiutie mawpdsSRd HiRe:
subst r at efofnfitg 484t fith dnfdR CORRE & deRiL tpé&ﬁne%{ibntpgfloc tions prior
SUbSttJtﬂéc%po :!h'(c)nf\o cor@gtn()d tarcl;e:-ordI ng to any one o tahe
precedi ng cl al ne, or'e fa onprising formng traces
t hat ar e BMergrPogigns of the msistitn lagers tom the firsioivieatihé Bbstprds
on t leepobd thesgubstiabdorafakibdibe Sdabetionalas onkile sustil hod
according to Caim 10, wherein formng traces further
onpri sing: depositing resist material on the first
10 16 ATFreR aectriBR b ey areebie RGRHing,S/apRy fusthes Gamprising fopging traces
that gre slectiralvcosriathio thesontedtiompads hiethe Grstsidegf the subsisitet hat
are routed fromthe connection pads to the routing
erm ; I al I ' rtion f the exposed
U betayad =Rty © quatp UMK ot e comihl:
depositing resist material on the first side of the substrate followed by UV exposure

and resist development to define the routing traces that are routed from the connection
pads to the routing terminals;

partially removing portions of the exposed substrate; material from the first side of
the substrate to form routing traces; and

removing the resist material from the conductive routing traces and conduction
pads.

12. A method according to Claim 10, wherein forming traces further comprising:
depositing resist material on the first side of the substrate followed by UV
exposure and resist development to define the routing traces that are routed from the
connection pads to the routing terminals;
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- the_ substrat_e to formrouting traces; an_d B&f&@?%/ 000225

resist material fromthe conductive routin

conduction pads. 12. A nmethod according to d ai m 10,
wherein formng traces further conprising: depositing
resist material on the first side of the substrate
foll owed by UV exposure and resist devel opnent to
define the routing traces that are routed fromthe
connection pads to the routing term nals; AMENDEND
SHEET PCT/ SG 2005/ 000225 3§ depositing conductive
mat er i al depssitihfiendefvemethrislenitsldefir@d tdsBTolithRa8s; arnd
renovi ng raﬁw.ranesr;%ﬁsdaﬁhatmmsam%n n [Re RRER oo LidGrald; T St
side of the substrate; . accor Ing to

G aim10, wherein form ng traces further conprising:
Pepo r{iq'thqg ageonding totGlaire 1¢vwherein fdrmipmtracheiufiier campgsiele of

t he substdepdsting EpPRBvelnAgial on HeThst BB Siedlbstrate] owed by
WV expos %eﬁosﬁngreﬁgﬂaéhal go(ﬁgv?ed %g ﬁ?g%)o&?% ar%%glspgevélgp?nent to

routi trac connec
pads 9 Ff% e fhg goufing frages that TS%F"H"%T’?’?/"’F ESPBRAtPMPagHiRIS rates:
conduct i \rertipfiytremdviag snvadipd cerictitegnatdrials ddjfdemtdalthe dafiseds t
rout irgggt rbﬁ(jﬂ@@&es apg renoving resist material on the

first si d?mg "]’? reastmé{enaron%eeﬁstﬁﬁe owaegEgs qd according to

G aim 8, an-1 C devi ce
with the plurality of burrped connectlontermnalsto
t4he @orthed kéconding wdHair B, firther doimprising aitab@ingén ICKIevideiwits the plurality

oF Bl BdnRectidmtenmiald® O nfdofd o) thelirdthiad dhinb4rst WDQLERI N

attaching an I C device to the plurality of connection
pads on the first side of the substrate conprising:
&pp! Pimethod agcerding PIGIRM bh wherein gitAskieg 21t 1€ dewing tathe

plueatih bEdohneetioh pagaon O filshideloChéel Mbktes combrisigl Ng t he

pl ur al i tyapglt,.n&&ia@.effak bePie LuBL LAk 5r cgﬁduhns | C device

GOrt es ondi ng connection pads of the
subsf’?"%ﬂs(gf ? &19°%8%% ng the substrate al ong W|th the IC
devi ces tajordngrs riradityioheenieciion ddmmipals of therlO devivs witlte A
met hedire%ﬁ@ﬁgﬁﬁoﬁgacﬁdﬂpﬁs&ifmblébstrmer ein attaching an IC

?Iey IS Eﬂe)?eltssg ﬁou [o} G.Ih gﬂbg{jéb% %’ ?n th ﬁu 4 ‘ﬁgi:ésgg cﬁﬁg% tl?en aﬁgé?'nment

16. A method according to Claim 14, wherein attaching an IC device to the plurality of
connection pads on the first side of the substrate further comprising:
applying anisotropic conductive films or paste on the connection pads of the first
side of the substrate;
aligning the plurality of connection terminals of the IC device with the corresponding
connection pads of the substrate;
applying heat and force in order to attach the IC device to the connection pads.

17. A method according to Claim 14, wherein attaching an !C device to the plurality of
connection pads on the first side of the substrate further comprising:
applying polymer conductive adhesive on the connection pads of the first side of
the substrate; ‘
aligning the plurality of connection terminals of the IC device with the
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appl yi ng ani sotropic conductive filnms or paste on

: th
connection pads of the first side of the ﬁ@fﬁﬁ@805/000225

aligning the plurality of connection termi nals of the
| C device with the corresponding connection pads of
the substrate; applying heat and force in order to
attach the IC device to the connection pads. 17. A
net hod according to Claim 14, wherein attaching an I C
device to the plurality of connection pads on the
first side of the substrate further conprising:

apgl yﬁ?&PW‘n?BWnedﬁ&{%HQ&fiftﬁé%uﬁs@Q@:si ve on t hel connect | on
pads of the.firs | .of the supstrate; aligning the
P al 1 ¢y Caro e HhecBod Brupaiot o7 Sogpepisbionbs bl ioe e
wi t h PAECISAREIRDEND SHEET PCT/ SG 2005/ 000225 11
correspondi ng connection pads of the substrate; curing

tfie af hardagderfy iPUPShr A Snc ico iSi vig
attacgtl n %‘h Lé%@f‘%ﬁg '%o t(ﬁ\éﬂ?@%ﬁ%@@{mﬁo%&b%%im a9 A
Sxehuar g b letfechhe rbptatosorynih B ARSiReb ebRata iy encoso
¢ $p¥iee. conpri si ng provi ding encapsul ati on on the
first side of the substrate along with the attached IC

Vi G f . I evice. 19. met hod
%égtc %rﬁrfﬁgdtag&@ﬁg Fdr?%'g%gm %@@ipﬁg'sﬁ%%’?"a?sﬁ'a""a Ac @f)s ul ation
7 S{9R & theSupstpte dyriher cgppriseay@bst rat e further conpri ses
any of . -t ransfef reqldingaf e firgt sgé of thesubdime Witistheteo 66t cbRgund that is
Substaitahed withithe IEigVid® set conpound that is attached
wth the LGe: nj.ectiop, noldi f the first
si de of t#gcugﬁ%@? '?%?fe t 'ﬁgﬁ'deiogm%f‘ib%r@ﬂeg'&a?waﬁ’fﬁ?%thI“B Ic
devi @8Y°%9" ol d conpound printing and curing on the
first si dweoldorphendpuiiting sreltearing bathe first sida bittacdBdthatéitabis t he
| C dewdchét withthe 1dg&REN0d according to Claim19 further
conprising renoving the substrate is for exposing the
routing traces, routing termnals and nol ded surface
#h t Hanefhod ageordingjie Giam {SHurthsdegwptising esmoging the\subrsitatedaifor exposing
e oolingliratgs, tontingl tetinimal2 Bhd WdRE Siirfacd &AM gidd STeheSURBAE AL €,
the renoving process is wet chem cal etching,

chapi qﬁl abe.rat"L:o_n, dry chenical etching, sand
[ ast’ rﬁeg ’od\ﬁgfcré ng o Claim 20, wherein removing the substrate, the remaving process

is wet chemical etching, mechanical aberration, dry chemical etching, sand blasting, water
blasting, or laser efching.

22, A method according to Claim 1, further comprising re-routing the
cennection pads that are routed to routing terminals on the first side of the
substrate {o an external printed circuit board.

23, A method according to Claim 22, wherein re-routing of the connection pads
further comprises:
depositing organic photo sensitive passivation coating or film on the exposed
traces on the second side of the substrate;
opening the routing terminals by photolithographic process on the organic
passivation;
depositing a layer of conductive metal coating and or film
. over the organic passivation; '
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bl asting, or laser etching. 22. A nethod accordin

Claim1, further conprising re-routing the P@ﬁﬁé}t2395l 000225
pads that are routed to routing termnals on the first

side of the substrate to an external printed circuit

board. 23. A nethod according to Caim22, wherein

re-routing of the connection pads further conprises:

depositing organi c photo sensitive passivation coating

orfilmon the exposed traces on the second side of

the substrate; opening the rQutl ng term nals by

photolith @egiﬁl & Gac@sf 4N EShedlidn H&?o%g%kt&te R@?ﬂe Xﬁ%ﬁ

deposj asstt% g conducti ve coat | ng
fil mPegver: e ec”*’ﬁ%%‘?l“%&?‘?"bﬂqrap')l\?\mﬁ\lD SHEET
PCT/ SG 20¢%psitpg e@ﬂer layepofpbdtp srinpitiyetorgani¢ passietiorand

Connmtenowrmad&UMc&&&tn&uhﬁsr ate, over t he or ganic

passivati &ﬂmﬁg’ﬂtﬂe Qihdfdn aageInOSI Haﬁig Sac'ssn

pot ol i t ographi c proces ano er | ayer of
photo sensitive organi c passivation |ayer over the
#%e- 1 dunetpd ecradding td oleim 23, wb@ein the photd seysitiveergacin lemad soliBr mask

@rafilmoi inion nbh@n@k@a BbigmdramtiMat i on. 24. A met hod
according to claim 23, wherein the photo sensitive

organic filmis solder mask dry filmor spin-on non
Lond ACtNPE 25sB1pa i claim P phespia the sondustiverpetplsdatiag isaiuotinivg.
toppeg Inigkainp ABdiumiia.rgeidor b electaaaticontiuctee. met al coating i s
al um ni um copper ni ckel pal | adium tin, gold, or

ne conduc A, net hod cordlngto
2% %%g' °°rd'" tgc 'ﬁ"e d‘%'}%eérl e diRosihen ﬂ'&@ ?C)?f passi vati on
H"FQ"’ﬁ%"“ filgns & §|§P‘ﬂ 0?95'2& fariation aMepayadapesition.oa pleawolyibedsossiticn.on,

or electrolytic deposition. 27. A nethod according to

27 i Medhoq WhSiR) B PCARAS! d AoliRh ol conduct i ve

{ i pl at
colPe s § Bl ES AT %ﬂms Lok L prigzio poreen
H"&‘WFrP&{aI“Gﬁt'OHZS A net hod according to aim1, further
conprising providing under bunp netal lurgy at the

29)( PO& ﬁngth&peﬂgcﬁc‘ﬁr‘ig' (}9 Elaﬁ)@‘fj f\}HhQr r}omgr‘spag gl%('igﬁgundeﬂia%% Im\(a? Ilulrg%re]at the

U¥ dr t o wet tL
exp ed connection pad viain the orgamc passwat:on layer to wet and join to the solder materials.

29, A method according to claim 28, wherein providing under bump metallurgy at the
exposed connection pads, the under bump metallurgy is electro less plating of nickel and gold,
electro less plating of copper and gold, silver conductive bumps, gold conductive bumps, or
conductive polymer bumps.

30. A method according to claim 1, further comprising providing solder bumping at the under
bump metallurgy of the substrate.

31. A method according te claim 30, wherein providing solder bumping comprises stencil
screen printing of solder alloys and reflow.

32. A method according to claim 30, wherein providing solder bumping comprises
electroplating of sclder alloys and reflow.

AMENDEND SHEET




.29.. A nmethod according to claim 28, wherein_providin

under bunp netallurgy at the exposed conneP HSGaZB,US/DOO225
the under bunp netallurgy is electro | ess plating of

ni ckel and gold, electro Iess plating of copper and

gol d, silver conductive bunps, gold conductive bunps,

or conductive polyner bunps. 30. A nethod according

to claim1, further conprising providing solder

bunpi ng at the under bunp netallurgy of the

substrate. 31. A nethod accapding to claim30, wherein

PBOVI AmBEodc AL g 1B B BOor @R Wdis SR1esSdIBRGLdd forSCT €en

LNt S ﬁ r alloys and ref].ow. . 32. A netho
e
BX P PRy ST niigh lerd solder|selectad drpin Atei oy ednsisisla 9EIOPR10SD pird 9BRLESN;
roeltdddnee sohddEsNBEEMEY firEhd grb¥plooiistint{ D HnAGEL) 8akh, aniSsndgBicd
nmet hod according to clains 31 or 32 wherein sol der

1 oys used for sol der. bunping, the solder alloy is
it ok MEREEHERSR PR R PPD IR SRS BB RS AG  of
SEP52ngIng\[1%m 30 misymSieSi 875imigonietsasin botpder sel ected from
idlametgt oup consi sting of 90Pb10Sn and 95Pb5Sn; or | ead
free solders selected fromthe group consisting of
?nAgCu, SnSb, and SnA%BiCu_ 34. A nethod according to

Pai rfi BYhodRReFNg i $iHR S hereip the Splss byrers man pludedbump piges
gAngieafromzPA griiangnefiar GrA78 Gicrometesivetivep deigle; 875 mi croneters
in bunp dianeter. 35. A nethod according to claim 30,

erej .der bu may i ncl ude np sizes
\ﬁgngi_%'getﬁo:&%ﬁ(}% gr?? ‘f:'akf?'"érr‘evf ar ! sgpaé%"gg %‘P’@B@%t ers in bunp
RePriglipn Ines of theovsubgifatpramerisesoitartang wefer diingiPierss. where i n
separating along the separation lines of the

SHDSTA AdtRd GOIBRIing 38 Said BARER ket aitigGhd'd Process.
where in separating

7. A nmeth according.to clalm 3

g“l"%rﬁ‘g’" {178 °Ptg%|sou§?t53ﬁ G ﬁ'ng‘sF?}%%er %’f'"qkﬁ'gm%ﬂﬁ‘%e??‘ ate conpri ses

| aser dicing/cutting process. 38. A nethod according

88 ClAamemad acsbidirigao LBimSWIRFEih bdpPratitihdldi@Salonl @RGeddrflion fines of

6 Bk hd QRplideD &S si¥aring fiftestUDSt rat e conprises die
shearing process. 39.” A nmethod according to claim1,

wherein the | C device package further conprises two or
#br e Anethed e¢cowing tatdine 1.iwherein dhe iidayice packavd fipthecessieds tesor

@ors IQdlis Wtéra:tnﬁecfm dhl:! pﬁooﬁés%ntaaeﬂﬁﬁ WetsMate mddle sﬁnultaneousiy.
nmet hod according to claim39, wherein the substrate

further conprises processed with
4. A method according to claim 39, wherein the substrate further comprises processed with

plurality of terminal connection pads for two or more IC devices in a MCM tile single module.

41, A method gccording to claim 39, wherein the two or more IC
devices may be interconnected using the traces on the first side of the substrate prior to attaching.

42, A method according te claim 39, where in the said IC devices are from the same or
different functional wafers.

43. A method according to claim 1, wherein the traces vary in dimensions depending on
power, ground and signal input/output connections.
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plurality of term nal connection pads for t

"IC devices ina MMtile si ngl e nmodul e. %%603%05/ 000225

according to claim 39, wherein the two or nore’ | C

devi ces may be interconnected using the traces on the
first side of the substrate prior to attaching. 42. A
nmet hod according to claim39, where in the said IC
devices are fromthe sane or different functiona
wafers. 43. A nethod according to claim1, wherein the
traces vary in dinmensions dggending on power, ground
and si gnal | nput/output connections. AMENDEND SHEET

thod di to,
ﬁ&%\%ﬁéﬁoe gggﬁa’m évhgree'\r/' i é rY554 U?%m'ﬁﬁog?tsrﬁ& ers
ﬁ ef“hl ckness. 45. A nethod according to any one of
the preceding clains, wherein the through holes on the

£4)C agﬁrh’éﬂfﬂd%@col‘ﬁg@@éﬁy@ﬁe 6f§1e$?é'cédlr@|cla%s%hef"ew the/ ihlfohéhl h%ﬁs on the
Y S o Bl ol i iy Bt e
conductive materi al that isinthe nold through hole

46 | mreateooneecling tb otink 46, wheeigthe tuhtuchleaitferigiithat 8 & thenold
ﬂ%ﬂélﬂﬁle“s‘ﬂlﬁéménﬁe&t&ﬁﬁnﬁ %e%ﬂ)uﬁ:ﬂﬁa ggﬁgﬁé devi eqﬁat J%Jt&e n the second

rate. according to c alm
‘ﬁgxa%ggﬁftop S|de of the mol ded | C device
conprlses a conductive material. 48. A nethod

4C C OIAdhetgd bieto@ing to Bzt 45, WREEIR the ofpdSadGap 1ibd Gf thy/ RolBEILIE bibvitle
&ﬂupﬁé&?a@&ﬁ%ﬁ&%r}t&ﬁl side of the nolded IC device is

deposited using electroplating nmethod. 49. A nethod
according to claimd45, wherein the conductive nmateri al
Bt Waneirg ercerding tyyslaini 4fewhendin théveondoplive echtelidl ool thi iexpesedsop side

depanidteid diiidYdpbMed dsfimleRSRopREdipaet hod. 50. A
nmet hod according to claim45, wherein the conductive

material on the exposed top side of the nolded IC

Hevi Edethed grsprdiag Pé@ im A4S iprelpihe topductye sietedal omibe pxpaseddop side
AthappkietiC dedwmncdepgpittdusing aletirod&ss platrgrmadtiiodt he conducti ve
material on the exposed top side of the nolded IC

eV| s depasited u copduc aste r|nt|n
et haelo SRR bR B iR e le abfin & P g o sce
qfﬁéme'swuﬁeﬂwes teaesited usino sputterpeocesqrenttnd- t op si de  of

the nolded I C device is deposited using |am nation

57et hﬂ%ﬂ*té:aaccﬁ‘d heetb hlggu ﬁ%Feﬁ# tﬁ@cok&ctﬁ; Y &!}.a‘i Bn thg\’%ggs%ld P:)p side

€eXpPosS e
% E’%"‘H’g‘fdﬂg g‘*"l“&'so‘ga ?SE%J 450d 8‘@'&6@1’% F@a‘e BE’E“'H?; m E‘?‘h er mal
pl ate and thermal adhesive attachnent
52. A method according to claim 45, wherein the conductive material on the exposed top side

of the molded IC device is deposited using lamination method.

53. A method according to claim 45, wherein the conductive material on the exposed top side
of the molded IC device is deposited using a thermal plate and thermal adhesive attachment
method.

54. A method according to any one of claims 45 thru 53, wherein the conductive material on

the top side of the molded IC device is joined to the through hole conductive material of the
molded IC device. .
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.met.hod. 54. ‘A nethod according to any one of clains 45
thru 53, wherein the conductive material onPCHASGR2005/ 000225
side of the nolded IC device is joined to the through
hol e conductive material of the nolded IC device.
AVENDEND SHEET PCT/ SG 2005/ 000225 15 55. A nethod
according to claimb54, wherein the conductive nateri al
the top side of the nplded IC device acts as a

t hermal conductor for the IC device. 56. A nethod
according to cl aimb54, wher e15n the conductive materi al
the top side of the. nol ded devi ce acts as an
Iectro etic shielding of the I C device. 57. A

mSt ho n@g‘g °&?fﬁ59 1P glaig) 54; Vierpin g coPAURtIVE Biaighial e fqp side of the
fmoidad ifledtasastsas e dllermebeandietor fornthe rdeiicml s on 1s' and 2nd
side of an internediate fI exi ble printed ci rcuit

d
%@ ar Gp Inglhgcpa%@&&n tX"aa.ﬁ%r nﬁrlelln the cf)nec?{:cqv% %F\?l%gﬂ%‘o‘) Euéeoof Fhe

configura
&é’b’?%'gs"evﬁ? %HS@ﬁ@‘rE'%crrﬂ@agaﬁfﬂcﬁ noref e iredevige.e f 1 exi bl e.
printed circuit board to forma stack package. 58. A

Bet hOﬂm&ﬁ&‘cﬁHcGHréiﬁb th 9au%|1%rmb@3mpﬁ¥fﬁ§r e' n the IC device is

an inter m:f‘d'n""teele«% 2 } o orm,a st ack acka%

to increase Che ﬁﬂ@?’]"%‘ﬁ'%ﬂ erE'é[BéB?l |*l"9 of'9¢ ¢{an intermediate flexible
devi cReintedgreuipbogidiigaseephive of Mirale degcas|faistasks@nfiguwhiensind

t he i nt er ae@inaling theiindididlizdd0Q Bélices orDdithérlsRY bﬁeﬂnté}he@ate flexible-

rigi dpﬂht\é@@ircu'ﬁ&arcﬁbmQgtgck%lg%g%éjl ng to claim 38,

wherein the internedi ate I't board accepts the IC
devices on both sides to forma stack device. 61. A
ARt hobmelbadseer ding tq ¢laing 65 iwherei@ the ithdaviee is ah inermediate cinaidl badrdto

form g stadk pbekagetto inSreéide P fHc@MblicEpabiliy OF HEICCdevigd, ass, of
silicon substrate. 62. A nethod according to claim 58,
%yere in the internmediate circuit board conprises
ONnELTTA AFBIANG fCialm, B8, Wasrein the intermgpiale direyitierain ef flexible or a
dgicteng net hod. 63. A nethod according to claimb58,
where in the intermediate circuit board conprises

§dr) P Eﬁqﬁétﬁg a cgrlﬁgrj;s {o &b&ﬂ%@k'%; Gl Snnbe |at% gpc%%otarld\éscegts t?';e IC
g evices on both sides to form a stack device.

1. A method according to claim 58, wherein the intermediate circuit board is from plastic.
ceramic, glass, or silicon substrate.

62. A method according to claim 58, where in the intermediate circuit board comprises
connection routers and terminals by plating and etching method.

63. A method according to claim 58, where in the intermediate circuit board comprises
connection routers and terminals by conductive paste printing method.
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