WD 2010/ 011177PCT/ SG2008/ 000268 A SUBSTRATE ARRRANGEMENT AND A METHCD
OF MANUFACTURI NG A SUBSTRATE ARRANGEMENT Fi el d of Invention [0001] The

present inkeoks0111®l ates generally to a substrate arrapgeReRtosdNPs
" nmet hod of manufacturing a substrate arrangenment. The present

invention also relates generally to a chip and a net hod of
manuf acturing a chip. Background of Invention [0002] There is a need
to reduce nounting area of electron|c conponents so as to |nprove

system per f QKIBRER AN A RRRE ANGES %\?RN%I‘
%roug a systemin-pac ageA

devices. One nethod to realize thls ISt

(Si P) technol ogy. The SiP t c¥UBSTRYVEARRANGEMENTKIi ng of dies on top
of each other. The interconnection between the stacked dies may be
achi eved by a through silicon via (TSV) technol ogy. [0003] The key

process technologies for 3-D die Pwkﬁﬂﬁﬁ%%E@Ck'ng with TSV

i nterconnects are nanely, via for sition of insulator,
bat her and seed | ayers, copper plating and wafer thinning. In thls

regard, there are many challenges that may hinder this technol ogy
from bei nted i.n t e sc se challen es incl ude
drilli ngq&*dlfﬁe%g? & “T“fmﬁ‘ij‘ 5P Rl f"a%ﬂ‘%ﬁ‘i‘?‘ﬁ A{TRRESoR 9813 Mgthod of
\[/:320;1][ gﬁ: Rag ftgﬂ%n v a ate arpa[r)lrggn?gnrt] Thte g?eggnt 1a1{v%nt1aonfa svc\)/ !'Ll?lt%}ij gesnexqa I;f ItonzgiJ c];[q? gnd

a method of manufacturing a chip.

Background ef Invention

[0002] There is a need to reduce mounting area of electronic components so as to improve
system performance and to reduce system size for example in mobile devices. One method to
realize this is through a system-in-package (SiP) technology. The SiP technology involves
stacking of dies on top of each other. The interconnection between the stacked dies may be
achieved by a through silicon via (TSV) technology.

[0003] The key process technologies for 3-D die or chip stacking with TSV interconnects are
namely, via formation, deposition of insulator, barrier and seed layers, copper plating and wafer
thinning, In this regard, there are many challenges that may hinder this technology from being
implemented in the large scale. These challenges include drilling of the vias, filling of the vias
and thin wafer handling.

[0004] ﬁsing the via last approach, there are a few issues during the via etching and seed
layer deposition and copper (Cu) filling. Cratering at the end of the via etching may prevent the

seed layer from being deposited at the sides or bottom of the vias, thereby resulting in poor Cu



| ayer deposition and copper (Cu) filling. Cratering at the end of the
via etching may prevent the seed | ayer from being deposited at the

si des or beid pAwefizi7he vias, thereby resulting in poor edrs¥30s/000268
2010/ 011177PCT/ SG2008/ 000268 filling-and breaks the connection of the
via which results in open circuit. Mreover pad delam nation fromthe
Cu filled vias surfaces occurs due to either contam nation or stress.
100051Therefore, there is still a need for an inproved structure and

met hod t Gi1ipONddd Brehit Bi:C, j hory; i1RS:0 TAR-1;
rethod ! MBOH S BCRARRRLL AP (OTPLARK RANESOR RS o

i nventi oRelRimHRSESA R G FRAYETRR deS o RIR YhE E:deitgg-%gygﬁiﬁgﬁgi&%restre

3.
arrangenent includes a first substrate; a secon strate p03|?|oned

above ! hiodosf St TRHBREE Ahéte if Ul SSROR S HPFRIBE GRIRIL Sid Bicfioh 6 Frovide

t hrough ho substrate positione ove the seco

substr at 7 a8 g%nprising a second through hole; a
first e|2§?§$§%%¥§ﬂ%8%%g§%%€%.|n &r connect pillar positioned on the

first substrate and extending fromthe first substrate through the
first through hole to electrically contact the third substrate; and a

second el ectrically conductive bnterconEgct Eillar posi tioned on the
second substrate and extending substrate through the
second t hrough hole. 100071Accordi ng to one enbodi ment of the present
invention, a method of manufacturing a substrate arrangenent is

provi ded e t hod. i ncl udes, form n second substrate above a
first sui)@;g%at o Aceing iy OB meﬁmﬁlﬁwgﬁgﬂhpmﬂé YRR A SEPRIA g AgEment is
substrate; formnng third substrate above the second substrate; .

f or mi ng Blogided, e ﬁ’%&%‘h ARHEEMEN  BEIIPS 1 Hrst BRbsHateyp Se5ond substrate Rosigoned
first eIectrica#I §gonductive interconnect pillar on the first

subst r at 820VE e 15 SSTEYS Ak Fecefd byErdeAmDrise arfiral el heleyy fhird substrate
extending fromthe first substrate through the first through hole to
el ectri cg?wme% Aboyetthe $reond subsirals, s thid subsiAl cPEPHsing 2 ae@eg drengh hole; a

el ectrically conductive jnterconnect »
first ‘electrically conductive interconnect pillar positioned on the first substrate and extending

from the first substrate through the first through hole to electrically contact the third substrate;
and a second electrically conductive interconnect pillar positioned on the second substrate and
extending from the second substrate through the second through hole.

[0007] According to one embodiment of the present invention, a method of manufacturing a
substrate arrangement is provided. The method includes forming a second substrate above a first
substrate; forming a first through hole through the second substrate; forming a third substrate
above the second substrate; forming a second through hole through the third substrate; forming a
first electrically conductive interconnect pillar on the first substrate, the first electrically
conductive interconnect pillar extending from the first substrate through the first through hole to

electrically contact the third substrate; and forming a second electrically conductive interconnect



WO 2010/ 011177PCT1SG20081000268 pillar on the second substrate, the
second el ectrically conductive interconnect pillar extending fromthe

second subglrBtfifrough the second through hol e. [ 0008}Age@f 64,8k 0

one enbodi nent of the present invention, a substrate arrangenent 1s
provi ded. The substrate arrangenent includes a first substrate; a
second substrate positioned above the first substrate, the second
substrate conprising a first through hole; a third substrate

posi ti o g,gﬂara&,oeﬁ@ sk¥@d %ﬁﬁéﬂ?fé, 8l t%%(}o%@tefemrfc%lfyywﬂdﬁ%iv%qpl%ltcﬁfﬁ{e@t -ﬁgméxite%pmg

a second through hole; a first electrica conductive 1 nterconnec
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the sane_di nension as the electrically conductive interconnect pillar
can be rIR RISt TORTS PFRGHH ) GroubbBol Enelearargeert e tnrd ubstare
enbodi ment of the present |nvention, a nmethod of nmanufacturing a chip
i s proviYsEen fiseliishinenebi hola tndcide serond Hyough holeareraligagd dppgq ditfergnt gxis
substrate; formng an electricall% conductive interconnect pillar on
a first Bsmendigdagp apipse ofhsdirsgsubsirathe el ectrical |y conducti ve
interconnect pillar _extending fromthe first surface of the '
subst r atl8999 or i ergrding ereng gHbAdIment of trpfrsenhinveniions # ehie is Ripddesi Ahe phip
through hole is fornmed in such a dinension that an WO

2010/ 01 inctizeTal Sdpgaig UpooEes 6leetsiesli drpit yfommdd thereinyean pleetrieadlynemductive
pillar of another substrate of substantially the sanme di mension as

t he el edpteicencry pidlangerdtiangd op e Byst sfaee of el substrate and) extersling frem they first

t he through hol e.
surface of the substrate; and a through hole formed through the substrate, wherein the through

hole is formed in such a dimension that an electrically conductive interconnect pillar of another
substrate of substantially the same dimension as the electrically conductive interconnect pillar
can be received in the through hole.

[0010] According to one embodiment of the present invention, a method of manufacturing a
chip is provided. The method includes forming an electrical circuit in a substrate; forming an
electrically conductive interconnect pillar on a first surface of the substrate, the electrically
conductive interconnect pillar extending from the first surface of the substrate; forming a through

hole through the substrate, wherein the through hole is formed in such a dimension that an



Brief Description of the Drawi ngs [0011]In the draw ngs, |ike
reference characters generally refer to the sanme parts throughout the

di fferent w(f)g?w‘[{{ﬁ drawi ngs are not necessarily to SC%ﬁSGﬁ’gﬁ&@?‘gss

i nst ead gene ing placed upon illustrating the princrp

the invention. In the foll ow ng description, various enbodi nents of
the invention are described with reference to the foll ow ng draw ngs,
i n which: FIG | shows a cross-sectional view of a substrate

arr angegﬁ%ﬁ@aﬁﬁoééﬂdﬂ&iv’eoin%@o g@pﬂhg{:ep} gﬁétggg Subls

{r §ecﬂt sdbrs]t\égtri]atll Ofte same
FIG 2 OWs a“cross-sectional view o at e arrangenen

accor di ng; : t i .of. the present 1nventiaon; El 3
shows a gﬁ?gg@g%c f?l!(;)lﬁal a@?é:@g\f dé g "31{5 S reé:ﬁgﬁ rc?‘%ﬁeglgﬁ%‘ﬁet lﬂ&%’?’ﬁ?ﬂ‘gﬁl%
a further enbodi nent of the present invention; FIG 4Ato 4D
show a met hod of manufacturing a substrate arrangenent according to

one enbodi nent of the preseni,.i.anventi.on; FIG 5A to 5E show a
met hod of manufacturing a s%&ﬁ&i@#ﬂ%&ﬂ%cordi ng to anot her
enbodi ment of the present invention; FIG 6A to 6B show a net hod
of manufacturing a substrate arrangenent according to a further

enmbodi ne f the, present [nvention; FIG_7A to 713 show a
met hod o&’bﬁﬁnuf gh@%ﬂﬁawgﬂga’ likgpelereneerharariar ganwally T41oE by the sRIe RArA Hewebput

further odi ment of _the present invention; WO o )
2010/ Oll%r?ﬁ% @U@BFE@E@WQ’@ are not necessarily to scale, emphasis instead generally being
placed upon illustrating the principles of the invention. In the following aescﬂption, various
embodiments of the invention are described with reference to the following drawings, in which:
FIG. 1 shows a cross-sectional view of a substrate arrangement according to one
embodiment of the present invention;
FIG. 2 shows a cross-sectional view of a substrate arrangement according to another
embodiment of the present invention;
FIG. 3 shows a cross-sectional view of a substrate arrangement according to a further
embodiment of the present invention;
FIG. 4A to 4D show a method of manufacturing a substrate arrangement according to
one embodiment of the present invention;
FIG. 5A to 5E show a method of manufacturing a substrate arrangement according to
another embodiment of the present invention;
FIG. 6A to 6B show a method of manufacturing a substrate arrangement according to a
further embodiment of the present invention;
FIG. 7A to 7B show a method of manufacturing a substrate arrangement according to

another further embodiment of the present invention;



FIG 8A to 8B show a nmethod of manufacturing a substrate arrangenent
according to yet a further enbodi nent of the present invention;

FIG 9A topw@hose@ma nethod of manufacturing a chip accpepkashobshossae
enbodi ment of the present invention; FIG 10A to 10N show a

met hod of manufacturing a chip according to another enbodi nent of the
present invention; FIG 11 shows an electrical nodel of a
substrate arrangenent according to one enbodi nent of the present

invention;  pG. EhG sB3nehQWeifdd 0P HRAIASH5hetf subliidl mcﬁhganéﬁ&hﬁgﬁlg% yet

vari ous enbodi nents of a substrate arrangertent accor g to on

enbodi Menk,ibr ddioaRh&R GFthe pRYGMnbGftion; FIG 13A to 13C show types
of stresses on a substrate arrangenent according to one enbodi nent of
the present igwenhi, 0B, rint i a|ﬁ|G. . sho a .
Cross-secti onﬁal}l:" 9%&%@§f£§§§u%§§¢ﬁ¥é aglggaange%ﬁ%m fﬁcfvr\%f:i Bor%ﬁer?fgn bf’ %Imgﬂte(’f
enbodi ne f.Lh fesent invention. The substrate arrangenent 102

i ncl udesﬁltgp ﬁs?ntstfn%se@ Oglfrat e 104, a second substrate 106 positioned

bel ow the fir str 04, a third.substrate 108, positiponed bel ow
t he second su@é}t f@?e‘icigéﬁ éw?voﬂr ’F’ﬁtlﬂg 6’&‘?%&“3“%%‘%%315% 8??881?%”0\?\‘}’?‘%3
third sub trate 18% and a.fifth substrate 112 positioned bel ow t he
fourth sﬂ%@i?ﬁ?ﬁo § PIOYHE "WERSHY substrate 106 includes a first

t hrough hole 114, the third, substrate 108 includes a second through
ol o 316 and Hfie lrlog\ﬂ“ﬁ o, SR P40 Pl PAPSLH FRPBLRTH ARGH IF cone
118. A first.elec% ically,conductive interconnect pillar 120 is

posi t i on&APgiment g éFP??e et °%t e 104 and extends fromthe WD

2010/ 011177PCT/.SG20Q08/ 000268 first, substrate 104 through the first

t hr ough hol e "$414 §hogisacoppatgonpt sigwlatien respls qfiaripussambodiments of ggubsyrate
second el ectrically conductive jnterconnect pillar 122 is positioned .
on the sUEHEHMLYAPrdnsdo popembriinast ahide ProseinvBioBecond substrate 106

t hrough the second through hole 116 to electrically contact the
fourth subst rdPel3Ade 1ACtHhPY dyres ¥ shessed| 91y 2 cubiraet dppgamenk pesowdingcte one
pillar 124 is positioned on the third substrate 108 and extends from
t he t hi rémkadiaent of the prosent ipvenligns t he third through hole 118 to
electrically contact the fifth substrate 112.

Description

[0012] FIG. 1 shows a cross-sectional view of a substrate arrangement 102 according to one
embodiment of the present invention. The substrate arrangement 102 includes a first substrate
104, a second substrate 106 positioned below the first substrate 104, a third substrate 108
positioned below the second substrate 106, a fourth substr‘ate 110 positioned below the third
substrate 108 and a fifth substrate 112 positioned below the fourth substrate 110. The second
substrate 106 includes a first through hole 114, the third substrate 108 includes a second through
hole 116 and the fourth substrate 110 includes a third through hole 118. A first electrically

conductive interconnect pillar 120 is positioned on the first substrate 104 and extends from the



[0013] I n one enbodi ment, the second substrate 106 is positioned bel ow
and in contact with the first substrate 104 via a plurality of first
metal lic i@lefspsneets 126. Each of the plurality of fipstséRb@hdord

i nterconnects 126 nmay include a solder material or a three |ayer
arrangenent. The three | ayer arrangenent may include a first netallic
| ayer 128, a second netallic |layer 130 arranged bel ow the first
netallic layer 128 and a third netallic |layer 132 arranged bel ow t he

second
oth s harpr pibsa AUE E%%*%%%%@ﬁ%‘*?% 1R Bl LCal Bally fedinde e Qﬂrﬁ%ﬂﬁﬁ%

contact yggt hh SEGARLISHASH rrg 1At£}c¢]>:r%% I?%By : ncF SitidTBA Wyl 1hE  second

| ayer 128 and the third ayer e a conductive

nat eri al Saﬁ%% i) a@x CRRA& fr(( €. sg@otnﬁ réﬁlﬁ{rat@qai }Qﬁlgﬁ%eoﬁgon@%lléd thle el

130 may SO |nclu e a conductive material suc

gamtjg(rj: ﬁgﬂ%ﬁgéaﬂg(c@ﬂr cstttﬁ)é fo%n?%hgst%{enl lﬁA%zﬁngrd ePl . allyt chong%cnr\{% tn(;itfrﬂ?@eft ag)lézfr
132 0Q.14 8
s p'ol';’. CIAR RS o %‘ﬁ‘l B PAE I LR tfﬁ‘a" Eﬁgfy@ %&%ﬁ%@éiﬁfaﬁ
Do s i %%”Eeﬂ% ﬁ%ﬂfﬂh%%%%iﬁ{“?%ﬁf Bifle 188 1 o subst ?St e 108

each

| (0L oLk |l t ts 136 1,
of "t he” pl0BFEUI 71y PR shdond AFHE R Gops e belbaiar dn S il

pluralit f cond talllc rconnegts, 134 and ch of .
pluralit ﬁf“f SPgfe it 41213 li’:l“’i"“htty ﬁ‘éeéﬁléc ‘i‘%oi“%ecfsh@%sg?‘é.(’f tW?I“rahtY of
2010/01%@77PCT 862008/000igg 1001‘éhn one enbodiment, the fifth

subst r at ¥SYPYAHIE IEEonness @ spilergateRglor g;three Jayer apneqment. The
substratgrl O via a plurality of fqurth netalllc i nterconnects 138

In FIG 4Hreedayeh aHfm&eﬁ’é"‘pF’GY aalq W pfirst gegtallic yeaias, @ sepend mettisdpyer 1138
i ncludes a sol der materi al of the plurality of fourth netallic
i nt er corAiBaEd belay Ht?yﬁlﬁbmatagﬁﬂen&r 183i3pd athir metallictaver taa @rrarssd helow the
the plurality of fourth metallic interconnects 138 is any suitable
conduct i R‘r’@’fﬁ‘d{l%?ll*%la}’ellb@l & s firsh metallispavar e s ingopatagt; with the fisss tsubstrate| P4
conductive jnterconnect pillar 120 is arranged in contact with the
third susddtthathirdipetallicdayer 192 ih imeqndact iwdthi seeand cobsimats 1064dn FiGiel sthe Gt
electrically conductive interconnect pillar 122 is arranged in

cont act W#telkc layer 12§ andrihethiyd mratallic Inyer M2 anay is¢lydern epatludtive enaterial such as a
i nterconnect 142. The fifth netallic interconnect 140 includes a
fourth repedri(Ce) wapasl and theasseond métdliin layer B0 may dlsyiarludeld corfluetiveouaterial
metallic layer 141 is in contact with the first electrically

conduct i sweh g3 dn €31 neateriahi dolda(Au).28 aGoldiTlie (A9SN)soldet aloyi In dreyesbodigfnt,
is in contact with the third substrate 108. The fourth netallic |ayer
141 i nclthelbst metallia layet B34S aabl thegbirdimetaliie layer 132 iGatapp@i pad( AUSN) sol der
alloy and the fifth netallic layer 143 includes a copper material. In
FIG 1, [00]fi fintoneemhbdiment, tteahird sutstgite 108 is ositionedsai®y asd irheonsdck vith
nmetallic interconnect 142. In one enbodinent, the fourth nmetallic

| ayer 14stcomddubdwatef 106tWia mpluility of bavymt medBicaniercamects uidt.abiecfourth substrate
conductive materials. 100171l n one enbodinment, the fifth nmetallic

| ayer 14130iis positiciedt etdw hd lin oomadcd fwitthehe phivd 3hbstryte 008 Se€ anslurakiyadd thid
interconnects 134 via a first netallic connection 144 and the second
el ect ri aadthlfic (reateiekity @36.MhRIGONNREK op thel phkrallt? A ifigst intbtA108 indétbonnkdtd 126,
one of the plurality of second netallic interconnects 134 via a

second natabf e SIOARECH @Bont4Betallid iftefGonrkctst 138 dnlireath BEHR! AlinGlity of third
connection 144 and the second netallic connection 146 includes a
copper rmdtalit ikercdnfec®BeasbRdim®Ent, the first nmetallic connection 144
and the second netallic connection 146 are any suitabl e conductive
mat eri al s.




WO 2010/ 011177PCT/ SG2008/ 000268 [0018]In FIG 1, the first

el ectrically conductive interconnect pillar 120 includes a copper
mat eri al . W@pzoﬁ(;/gﬁi-ﬂel ectrically conductl ve int erconnecizcrggbioggml,gﬁ@
may be termed "a copper post"™ or "a copper colum”". In FIG 1, the
first electrically conductive interconnect pillar 120 t he second
electrically interconnect pillar 122 and the third electrically
conductive interconnect pillar 124 are the sane. I n one enbodi nent,

the fi Fsmoﬁis)e“ &é'eh%o&%ﬂf’ﬁe;lr 13@&1‘3& Esee;?JsHBhé l?eovg'm 1nEtf]'Fac§§1ﬁR%

el ectric I nterconnect pi ECt rica

ﬁSE er' ol 1o FYfAR s H“fﬁ?*iy ?’*iz‘f"“{‘"" e%“?% °°§%§%‘S?§8§I“§€‘%d§ %%%“% the

ppviptial WY sl?‘%ttaﬁ‘ﬁs@ roirted 135 hRIIRC e Fhllesgl ér%q%f’f t %P‘ufcﬂﬁ‘.typ?f
| The. f b 104

2 ol ot BB aRiipfle THERPIpeES B8, et bi'@ég 3445 ER, B Gnf QB EpG Ea 2 the

may be t 020 FIG 1, ifth ubstrate 112 js a

ser cond@ef%ﬁﬁ%‘@%fa?@w interehracind s Wrﬁwtalf‘ﬁgonfiv%*t‘fﬁnw&é Cate 112
may be a carrl or a | el m.d Z|ne substrate or
cerani ¢ @5& ¢ alfl SerFambfEReR fg g ElEC Iy £ ggtwas it ab%rpeﬁar 12071s
substrate for the subseque stacking of t trates. [002

FIG 1, #Foerd wn&aﬁr‘wﬁgﬁ le Subsfateig "far?ep Soas wtlﬁtﬁﬁagﬁcw&ﬂejﬂﬁsewnd
are allgned along a different axis gerpendlcular to a plane of the
first supéttfealixe mctlmtegcewﬁbpl% Hrldd drrrped ‘&IE“‘%H’“PH@ f?ﬁﬂmbstrate 110
t hrough hole 118 are aligned along a different axis perpendicular to
a pl ane ¥ & Faths metallicsigiseqopnack 149 4The Hiib matalic fnterepnsseti I9nincludgsea fourth
first substrate 104, the_second substrate 106, the third substrate
108, t hemellictlayes iblsandzn fth metallig dayen 4% The Fousthisstialli layer 1141 sy ia contact with

arranged parallel to each other.
the first electrically conductive interconnect pillar 120 and the fifth metallic layer 143 is in

contact with the third substrate 108. The fourth metallic layer 141 includes a tin material, gold
(Au), or a Gold-Tin (AuSN) solder alloy and the fifth metallic layer 143 includes a copper
material. In FIG. 1, the fifth metallic interconnect 140 is the same as the sixth metallic
interconnect 142. In one embodiment, the fourth metallic layer 141 and the fifth metallic layer
143 are any suitable conductive materials.

[0017] In one embodiment, the fifth metallic layer 143 is in contact with one of the plurality
of second metallic interconnects 134 via a first metallic connection 144 and the second
electrically conductive interconnect pillar 122 is in contact with one of the plurality of second
metallic intercomects 134 via a second metallic connection 146. In FIG. 1, the first metallic
connection 144 and the second metallic connection 146 includes a copper material. In one
embodiment, the first metallic connection 144 and the second metallic connection 146 are any

suitable conductive materials.



WO 2010/ 011177PCT/ SG2008/ 000268 [ 0023] I n one enbodi ment, the third
electrically conductive interconnect pillar 124 is arranged in

contact w b g]goﬁ fth substrate 112 via a seventh netalldEqrons/000268
interconnect:@ .zkhe seventh netallic interconnect 148 nay %e ?ﬂe

sane as one of the plurality of fourth nmetallic interconnects 138.
[0024] FIG 2 shows a cross-sectional view of a substrate arrangenent
according to anot her enbodi nent of the present invention. FIG 2

shows a @big)l armsSeest! et i AAQEHF Q(Endﬁﬁvg lrlﬁix%8%§ﬁ;§hall Rt ia(t,lnc?es i Joﬁlt:ver

el ectrically conductive interconnect pi secon

el ect ri byl AleStsORRestn F%&ﬁ%&%?ﬁﬁ%ﬁgwﬁléﬂ%g}aﬁ bE Frnb§ A cl:o:ﬁag?ré:gat”

conductive interconnect piil: 'ude "a"so material” |

i v ot iy PBbd g Bl 1 810 £ b BRP el ey oy ¥ FGicorcp pibdiop. she
|t or conea Hepifaiel i R e® e oot SRt o1 yr G Bl dpsepnget pilar
interco cts, 136 include sol der, er. i nstead, of a copper

at or 1 a1 236t Pt B boRing Rt TRlsBb i ionee P BIIEF 120, e
Cross-secti f a substrate ccordipg.to a

nal vi.ew I.rangenent )
Furt her “ErpaatersieDipieroans elan2iond e deteiocsicelly sondheiye imiercommepgillar
substraHg arégpgﬁnent #o ﬁ[G" 1 except that the second netallic |ayer
130 of eAdYerpLsyiehlespadugtivmateriali et al 1ic interconnects 126, of
each of bﬁ@ plﬁﬁikbt of secgnd metal lic interconnects 134 and of
each of PHE ) 'ttjlﬂéﬁﬁr?tlﬁ“ WatrelP4 19 3 Eenicondycteyrmbsisate withen elactrisaldrenit
sol der bu OL sol der ball material. The second netallic |ayer 130 in
FIG 3 eghegeig HFRfmept, the dirstspbiratet 108 mayplsorPereteaiqondudteryhip, 2
141 of the fifth metallic¢ interconnect 140 and the sixth nmetallic
i nt er corlP@e Fhip 2p2 mgEeptrhip. The frsh sybstssie £04, die spepsd suhstrare 166, e thisd sybistate
100261FI G 4A to 4D show a nethod of nmanufacturing a substrate
ar r angen@f endibe &umhsybsgtedd 8 mepbe tesame of the present invention.

FIG 4A shows a substrate arrangenent including a WO
2010/ 01 1992PbCT/InEXS 0l fisdifthggbstrate 112 is a semiconductor substrate. In one embodiment, the

fifth substrate 112 may be a silicon carrier or a bismaleimide triazine (BT) substrate or ceramic
substrate. The fifth substrate 112 serves as a support substrate for the subsequent stacking of the
substrates.

[0021] In FIG. 1, the first through hole 114 and the second through hole 116 are aligned
along a different axis perpendicular to a plane of the first substrate 104. The second through hole
116 and the third through hole 118 are aligned along a different axis perpendicular to a plane of
the first substrate 104.

[0022] In one embodiment, the first substrate 104, thg second substrate 106, the third
substrate 108, the fourth substrate 110 and the fifth substrate 112 are arranged parallel to each

other.



first substrate 150. A second substrate 152 is positioned above the
first substrate 150, the second substrate 152 including a first

t hrough ho Jhe second substrate 152 is positione in
cont act V\A#ﬁ)%ﬁée}mfl}?st substrate 150 via a plurality ofp?llﬁsg%{ﬁ&rm%s
nmetallic interconnects 156. In one enbodi nent, each of the plurality
of the first nmetallic interconnects 156 includes a solder material.
The first substrate 150 includes a silicon or a BT substrate. The

SPoor, UBEELT B9 RRAMAS Y SOBB KoL LAlhd e 11
: i . ] 1
L 0l b R SO, IS AT BB e

electrically, conductive intergonnect pillar 162 1§ positio n_the,
Third somernFRRle nckonnh 348 S oBlsame s PR of Breliipld Fhdowrt g fic
the fi rsttthro%%ﬂl Qol e 154 to electrically contact the first

subst r at 855" é third substrate 158 is positioned above and in
contact wi th cond substrate 152 via lurality of second

rora 11 cltohler cBiohEche Biosisgieal SEvta st el T ERIal AL YBS o amother
i nt erconnect,. pill Fll’ 162 is.in ,con]gact wth the first substrate 150
via a t hPTRPIigLef the Rrevert pystiort Fiis @, showa arsimilar supstrater areangengent as FIG.1
conductive interconpect pillar 162 js in contact with one of the

pl ural i t 8t Ppfethe dish glevtically) sqndysiive  inrrameecs pillan 19P.athy sepongy electrically
metal lic connection 168. |In one enbodi ment, the first electricall
conduct i ¥E5ORET pdianded and fhethird glecirigeliy ernguetive gpsrepnneat Eilﬁfal-’-‘*olﬁcéde a
solder material. Each of the plurality of second netallic

i nt er contodler anaiegial isigad KB atcappel material jay carligr shavenineld. 1L de addisbudbe fist
solder material or_a stacked |ayer arrangenent as mentioned in FlGs.
1, 2 or metalipdayer d3§ ofgach| ofj the @gﬁfﬂ%pf Sirst veelli iterehanecss $péreach of the
material. The third substrate 158 includes a semnm conductor substrate
wi t h an rwebiyrefossrond metailic intgrepprectshiBdeind. of1GOR ®f e phusality F Gird4getallic
shows a stacking of a fourth substrate 170 above the third substrate
158. Theinferpgnppastsd 36 dchudesa solder matdrigbiestead dfaicopper mattglhss kalier shé@n inFIG.
second el ectrically conductive interconnect pillar 174 is positioned
on the fburth substrate 170 and extends fromthe fourth WO

2010/ 011177PCT/ SG2008/ 000268 substrate 170 through the second through
hol e 1600025l el Jdr B shdwsya aossisactionaihaevs eCondistsbatangément 5&ordipeto facfuntiich
substrate 170 is positioned above and in contact with the third

subt r at eenitB8imenaofitht puestit imemeibh. iKIGI Btshowoan sigdlar fibsiratd Arargemendo FIG. 1
electrically conductive interconnect pillar 174 is in contact with

t he secomders ties theatend Siktallialagerf 130t df eaett aff the pluralityesimwnecthllit T8ercdiects
fifth netallic interconnect 178 is in contact with each of the

pl ur al i t\26p6f cacicofittle platabity 6fsetonidanaslio dtdrconhéeds V3daand of ebrd tegilaklity of
connection 180 and the second electrically conductive interconnect

pi |l ar 1tFid infetallic iwstonatctsvl3d idchrled aublder Bahglok is6ldenbAY £:2RAMAC hd E&ond
via a third netallic connection 182. In one enbodi nent, the second

el ectri cadhilic tgadi3otih FEG.I Niney 6ORBEEér Hakdp| BY adkitbn) 16 FoHE ekl EORPET 141 of
material or a solder material. The fourth netallic interconnect 176

and the thé fifh mRAIEE likrcbites LONARCTHe kHEh inRedIMd SiredeonBbd 9U2 TBUSIel 3 sofer
a stacked | ayer arrangenent as nmentioned in FIGs. 1, 2 or 3. The
second nRitadd] infkte8PHNESH MABiat80 and the third netallic connection 182
include a copper material. The fourth substrate 170 includes a

sem conqyeiep’ FUOSHA RS £D Whdw'a RiitBH B b FR il Cdbitrale TRk nlCEcRbA;

[ 0029] Tﬂeﬁ%@Fl G 4D shows a Eétacki ng of a fi fgtah surtglsetra.% 165314 ca%lg{? 0
the fourdyd cabbditdeft & thd Preséht iVieh@bS IFRELAA SRSY: ' includi

i nter connegt pi | Iear 1869{63 posietl?oc?ned on the fi %@Eﬁgﬁ ’g%ﬁ?g?%mi%ﬂu%nrﬁja
extends fromthe fifth substrate 184 through the third through hole




WO 2010/ 011177PCT/ SG2008/ 000268 sol der material or a stacked | ayer
arrangenment as nentioned in FIGs. 1, 2 or 3. The fourth netallic
connect i ongldh, i nglide a copper material. The fifth SUbﬁéf@bﬁméﬁﬁmm

i ncl udes a sem conductor substrate with an electrical circul or med
therein. [00301In one enbodi nent, the second substrate 152, the third
substrate 158, the fourth substrate 170 and the fifth substrate 184
are the sane. In one enbodi nent, nore substrates may be stacked

"t or confab LG S R G el 1o3he RAREbLE Rl o FATHTALE 150, the socond
g O S S
ot SORERTAR BB i TR e AR R
0F the P aRIORGRaE. dert b tipe oF Mol sl e R 5% islidey EATHer

metal lic_interconpect 190 1 sang. The first netallic conpection
168t homeBtE dheBh PYpete A T5em 6B T el fernd substate 132
connecti 0 82 and the fourth nmetalljc conpection 191 are the sane.
The conn’é‘g'f"&"(?r? SHSRBAFIGTY sF’é@b"é‘i‘ﬁP\?@%ﬁﬁ’F‘&f @’5‘“%‘25@% hown by the
arrows. é8231]F|G' 5A.to 5E show a net hod of manufacturing a
subst r at @923 anbjere KO- 48 diows dgtactng abe Hurd slhees hiftboys therrecqnd subsiate
invention, FIG 5A to 5E shows that a plurality of substrates, each
of whi chl3f The thirdepbgyats 58| indvdes ajsecopd thipephihpls K0h A fiysy gletricely Ranguctive
together first before being placed on a:silicon carrier or a BT _
subst r at Btegronpect PillaTi 62 sig epifianed. om thythird|sabsteig Eifoomsl extendsfromuiee third
arrangenment including a first substrate 192. A first electrically
conduct i SHbstrate ExSctbrenale the first thapughdigle) 1§54 toelpatiientys gomsprt thedirstisplstrate 150. The
substrate 192 and extends froma surface of the first substrate 192.
A first thisd shbstiate hifeiscpasiioned algwreiandfipragntdctonitly thopecond sdotratof15¢ hwa a
first electrically conductive interconnect pillar 194. A plurality of
second nuralityi ¢f seqonst owtatiecingerapdgectsr 64 Jihndltistoeledthiaally snvpdwtive e cainect
the first substrate 192. In one enbodi ment, WO
2010/ 01184 ACT 8E008L0N021HS firsh eubbirats { SGvib s thiat metdidi2 intercénndad 66, The first
sem conductor substrate with an electrical circuit forned therein.
The fi r stlectrlicaby rorslattive interedersti pikdaril A2 eric comat tvithiohd aff thd fldralityaif ticbesscomd
copper material or a solder material. The first metallic interconnect
196 and metalhc afitetcheneptsultdl viaya st seabicdconadcabh 1168 Int erecanbvdirhet, 1188 first
i ncludes a solder material or a stacked arrangenent as nentioned in
FIG 1, QectricaBy ctfidBddNaxirgonhdcGpilhBl1&htmhides s taplet agtediil @ o sotdon Anaterial.
substrate 200 above the first substrate

Each of the plurality of second metallic interconnects 164 and the third metallic interconnect 166

includes a solder material or a stacked layer arrangement as mentioned in FIGs. 1, 2 or 3. The
first metallic connection 168 includes a copper material. The third substrate 158 includes a
semiconductor substrate with an electrical circuit formed therein.

[0028] Further, FIG. 4C shows a stacking of a fourth substrate 170 above the third substrate
158. The fourth substrate 170 includes a third through hole 172. A second electrically conductive

interconnect pillar 174 is positioned on the fourth substrate 170 and extends from the fourth

10



192. The second substrate 192 includes a first through hole 202. The
second substrate 200 is stacked above the first substrate 192 such
that the fiypin@baeirically conductive interconnect pil pafsdfisbtssbe
received in the first through hole 202. A second electrically
conductive interconnect pillar 204 is positioned on the second
substrate 200 and extends froma surface of the second substrate 200.
Athird netallic interconnect 206 is formed on a top surface of the

second. ehihit 47 tfol Y CdobeP SR BRNID dRlclrlofly &t fhol BeHrhilubstrare

metallic I nterconnect” 208 is orne e surface o

second e it alfird deui9475 gﬁg@.ﬁo 4(1%5&41&9'4 a?nqa%p%ﬁmevtﬁra QhFhEI385EL

pillar IS In contact wt ourt I nterconec

a first %&gbleka?h 19 &%ﬁﬁécpﬁﬁz Jlﬂe déco P& %/ rmmtn?t: 1ﬂterc:ﬁ elcp 1ﬂ?r 174 is in

substrate I 'nc sem conduct of - su i cal

fh{gfégn%gﬁ t%QEg ?ﬁ%ﬁﬁdggfgmg%pper %gﬁeﬁ#éﬁg¥¥i Qngpﬁbﬁﬂh'naﬂhc
't o1 L?Lﬁ*&%%‘ﬂ%%f@ 'ﬁé’l@FfEta%ga%w it T e s e PG A
el udes® R-EUhERIREeRIHr 18t trbHLroCRY Cndi e e ttes R 7
Subet r at B TSR BT s o CBRB A THFGH HEMS S DALt P

212 is stalr ed ab ve the second substrate 200 such that the second

el ectri cHP Q?"E?Wrd t f5nd RleetFietivn eendugiive) infercpgmect Aillag el ﬂeﬁ’él“ﬁ‘@d aj gepper
t he second through hole 214, A third electrically conductive

2010/ 01 1899BRTIrSEAGlSSy gl Ther Gqurth mesellic gntercapiest 476 ang gae tﬁf@n@ataaw
the third substrate 212 and extends froma surface of the third

subst r at @tepeppnech 178 inlyde,p polderimpaterial ey 2 ¥prked laveriagrapgentest aragensigned indiiGs.
surface of the third electrically conductive interconnect pillar 216.
A pl ur al t3/0t03 Hiesesendancigllic eonnegtiond§h see the thipd mgradlicagospection 482 inshude a
the sane surface of the second substrate 200. The first netallic

i nt er confrPeer Mmaerigl.sTherfourdh substratl 7 inclvdes o samiepndueter subgiratnwith en slsetrical
208 via a second netallic connection 222. The third electrically
conduct i sEuit foremed herbst pillar 216 is in contact with one of the
plurality of sixth netallic interconects 220 via a third netallic
connect i %ﬂ”} 24. Than, BHe 4Ehdhwaisrresieckingtnd a fifi sibsudse i Bhakove 1k fonoh wdsyats
sem conductor substrate with an electrical circuit fornmed therein.
The t hi r /0eetbird ietsatricgilyc cmduesivievisteicowrgricplare 86 ipipbditioned b8 the (ifth delsstrate
copper material or a solder material. The fifth nmetallic interconnect
218 and 3deandtextendsirommniee Hftik substrate dB4 ittoought the dindribougt? Béle 172 kaucledrically
sol der material or a stacked arrangenent as nentioned in FIG 1, 2 or
3. The sootucherdidlshbstratedidcdeifdih siRPramri@4 ispesitibnaddbowtant lin contact with the
connection 224includes a copper material. [0035] Then, FIG 5D shows a
st acki ngfoofth aufsarate t1170 siih 8 tphatlity 272 Gixalb meallichiatckdonniat tss LESS The tlerd? digctriddiie
fourth substrate 226 includes a third through hole 228. The fourth
subst r at @ndfive mtatamake @gilab 086 s irhe@ntadi with the kigidrsabstrate 138 sischseldntll mbdaRic
third electrically conductive interconnect pillar 216 can be received
in the tifiefdnhdet 090 ITHE GkeendPSetaichihtercahiccly 190 isSR\EMAN WiBL @k |fbgth metallic
i nterconnects 230 are forned on a surface of the fourth substrate

226. Theinfanaid: e1E6h hifeat Hetldo doikdebiid 191! B R RRB6dimRh, iR thidddledtScdlly
contact with one of the plurality of sixth netallic interconects 220

via a fogohtiiveiditimhe@PUNE A5 GL1RBLa chpbeP RAEBHDAN S mada1. frapK Bhthe
substrate 226 includes a sem conductor substrate with an el ectrical

circuit fieaBbitie Sk@ilicEReRomlect 188 SRV AR ABRIAUAIEC ikd M BHER 196 fichude a
230 includes a solder material or a stacked arrangenent as nentioned
in FIG 1, 2 or 3. The fourth metallic connection 232 includes a
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[ 0036] Then, FIG SE shows a rotation of the substrate arrangenent as
formed in FIG 5D such that each of the plurality of seventh netallic
i nt er connegigdadilm in contact with a fifth substrate gafischigodobdst N
metallic interconnect 218 is in contact with the fifth substrate 234.
In one enbodi nent, the fifth substrate 234 includes a silicon or a BT
substrate or a ceramc substrate. [0037] In one enbodi ment, the
first substrate 192, the second substrate 200, the third substrate
212 and {dMer fbertdd of WDSEdkad By frNbmddiGs SR RonelE FihSH, f'oﬁfé.t fi@ledu¥th
conductive interconnect pillar 194, the second electrically
conduct i Mgt e5eORAC o ihdidle 204pRld nfallGial. M Gl 14 ;
conduct i veai nt er connect pilH are 1%p ren%a%z'afs'a?r%g f%ﬁ‘e%brsﬁ? ﬂr%t gﬁcfuld?:s 2
i nt er conect nddbar £ . NS ad netallic
i nt erconngf‘:itosn 19%1., tﬂﬁ%t@%ﬁ%%%%ﬁﬁ;%ﬁ?(g efggl%ﬁcglgt 206, the fourth
met al | i cygnhRter c c he fifth metallig, interconnec ..each
of the p‘egg'yl i t&ngﬁe é‘fl%?cﬁm%%’t g’lelsiec(::0 I nst%g%'t@(k)enlrllge;zdttge 1 %‘rai%i#%oﬂf‘e ?%éth
plurality,of .s nt L lic i rconnects. 230 are.the sane., The
bSate FYE andqhgﬁhﬁlsngyfﬁz}te ?%{Eare eosrﬁlﬁle”@togﬂe o%lgﬁﬂtegjﬂeds'qbﬁrzﬁis may

first netallic connectl on S

t he thi [,i g ti 224 the f. th talli i

255 ar'e TR PR SE OO RGBT eIt ot ectpiietn I Seers atlss 162
h by th . 038]FIG 6A tq, 6B sh t.hod of ;

oot aer P B R b090h Ry SionLBur A B IERIGERy conuciv

enbodi nrent of the. pr nt {nvention. FIG 6A.sh a substrate

ar r angen@Hf PRt Qafg‘ﬁgg 2F<) 11§ fag, B?é{‘}? 8%:3132@6‘?1‘% ‘g\é}%ﬂﬂaetégﬁéﬁt?ﬁ‘%‘@e%@és@
is positio e;rj above the first ?ub_strate 236, the_second substrate 238
i ncl udi n?jCQO the Bluraliy Bfff»gwnﬂ&reéa Beqiptercpmpqeisiodthie third anetallic igterqopsct KiSothg
substrate 238 is. in contact with the first substrate 236 via a. ]
pl ur al i t Pueh mefatlicriniggeennact 176; the Sfth setallq igtesconnech 1, gackiof the phralifs ebsigth
metallic interconnects 246 are positioned on a second surface 248 of
t he secohefeldigiaiercarnecs kB anddhy pevgpth gnetellie dntorgonnest 19Qears dhsospene. The first
substrate 238 is positioned opposite the second surface 248 of the
second sHpalic sprneotan 168, theseeond appiallip cqupestiog A 88 bovthindraetallic gengection 182
substrate 238 including a double side solder bunp. In one enbodi nent,
one of \ipdzbe dpwgtinmetrihcroaretoslPoaeebe shee. plhgreghiactionbetiviegnsthe respective
metallic interconnects 244 and one of a plurality of second netallic
i nt er corfwbtates 24 as shawn by éhe awows| der material or a sol der bunp. The
first substrate 236 includes a silicon or a BT substrate. The second
subst r at @038 i K&l 84ds 5 shewrn owsthdd of pensfadiurtingd sibstratharsmgahent sochelalg to
circuit formed therein. [0039] Next, FIG 6B shows a stacking of a
third suinsthengreb@iifem lobthe prdsent sventive. Elfh Sidrtat5E sB88s thitvepltfalitychf substrates,
substrate 250 includes a second through hole 252. A first

el ect ri cabh yf whinkl withi aneldctricelraouin frmedibletear, b2ing siasked osgethenfimtbedore bbiag
third substrate 250 and extends fromthe third substrate 250 through
t he fi r giladethpoagiichrotaeri@4Da Bd sebstrateror a abimicosnhdtaet t he first
substrate 236. The third substrate 250 is positioned above and in
cont act [M03¥ t hEIGs eorhowesibsstubatae A3dhgement ciacihdiog 4 At ghbstatei 192, of first
second netallic interconnects 246. The first electrically conductive
i nt er consleaically béminctde4nteRonrciqilidr 284 iswokifioddd®nfthd Sist ssbfigid B2 and &fends
via a third netallic interconnect 256. The first electrically

conduct i v laNuEBGOSRE firgdishbstte 254, ASirkt @it amtrc¥irelt 66 Wrmkn a top
plurality of second netallic interconnects 246 via a first netallic

connect i saffackadt thd firsDElEctREN9 dbiiRBve ihlBRofMdEHiIIS BRAL Aiphithiiey of QUSHICENBiC
i nterconnect pillar 254 includes a copper nmaterial or a sol der

mat er i alintedddBndchii 108 afBfoahéd ¢h thDbERCRNAGLIT (RO Brst mkmgmaﬁ%slf%{lbodimem, _

material or a stacked | ayer arrangenent as nentioned in FIGs. 1, 2 or
3. The first netallic connection 258 includes a copper material. The
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[0042] FIG 7A shows a substrate arrangenment including a first
substrate 260. A second substrate 262 is positioned above the first
substrate econd substrate 262 including a f|r

hol e 264. %ngg@@gﬁﬁ substrate 262 is positioned above andggﬁﬂggﬂ%
with the first substrate 260 via a plurality of first nmetallic

i nterconnects 266. In one enbodi nent, each of the plurality of first
metallic interconnects 266 includes a sol der naterial The first

substrat g, %g% é;uﬁc 20§82 %(ﬁﬁ{iek (ﬁoﬂa Lonfludidr %J‘b?tﬁt{ ith an ngcntﬁg @mt fmimed

substrate udes sem con uctor Su rlca
t h k
LY STt Bt Sk RSN L T BRSPS B
b d.th 7
oot 1 CRIE ymé*oena'uéﬁ. $e® TR ek et fod' e B we ghich iR of sopon mptc

third sub trate ds fr om a f|rs surface 176 of t.he i.r
Subst r ot BERPGEH PR HCF & SR BHIGHA Rbf o0l sFHPasm et meapy L FlGic 2
the first substrate 260. The th|rd substrate 268 is positioned above
the secofid" substrate 262 and the first surface 276 of the th|rd
substr at 8 i with the second substrate 262 via

plural i t@"éﬁ s RBhar o THows riaskiEs oh 8 econd Fabsats S0P abeye e Brk ubstros
may be co 3 ered s .the active side of the third substrate 268. In .
thi s regiPa e freond putstreip 22 inck 3 Tiehibrneh bele 2. oFhecusrradt subtrefesp00 is
272 and each of the plurality of second petallic_interconnects 274
are posiYackerbipoysthe tfgStaE*ﬁ“\‘?@ 197 gechdhat thecfist glecrically eqndygtive sngreonpget pillar
first eIectrlcaIIy conductive interconnect pillar 272 is in contact
with t helficrgbe sapiyed by the figt thypughdolerd02 gA meqond (elegtricatyegondintize intgramect
The first_electrically conductive interconnect pillar 272 is in

cont act RHarR08 derestiansd op|the sgcpad substrate 2ethendngxtends fromj ysusfago ahthetsscond
274 via a first metallic connection 280. In one enbodinent, the first
el ect ri cabstEatec 30f 1 tthivd metallier insererssect ROB| iarforrd ome| taplesrfacecafpibersecond
material or a solder material. Each of the plurality of second

met al | i celecirically enmduetive impornedt pilles 20Mi 4 umbinzetaliiciniendoaneso Adkistalsg f@med
i ncludes a solder nmaterial or a stacked |ayer arrangenent as

ment i oned thyysagieGurface of 2hessec@id sTibstrafej 208t TheseernH ietectrig@lly conductive interconnect
2010/ 011177PCT/ SG2008/ 000268 connecti on 280 includes a copper

mat er i alpillaF?84 tihim ebngagh with ghee foRBB niatatlicithescones €08 voma fictt aretadlithsinnedtion
with an electrical circuit formed therein. 10044]1n one enbodi nent,

t he secdd. bubstendiodin®Be, theskcombsubktrate 28Lnshidest £ sdG8ndnaort dubsteamnwith an
Each of the plurality of first metallic interconnects 266, each of

t he pl uredciricgl oircuite foomeld niedreih| The sevbrd ekomiedlys céhddctvadintebveniidat pillar 204
metallic interconnect 278 are the sanme. [0045]FIG 8A to 8B show a
nmet hod adficlades d bagpet miategaloor asblden adteriahrTha tgaihmeailliaitacchneg 200andahe fourth
further enbodi ment of the present invention. FIG 8A shows a

subst r atmeetallic éneesnBit J08Gheloden @ sdldet gferislUdyH stadked Bahgee® &€ Mtdltioned in
substrate 284 is positioned above the first substrate 282, the second
subst r atFG2824 drBcThfiBgmeaallic esinetttn@uQinchi@bea Pfer mutdriasl. st surface 288
of the second substrate 284 is in contact with the first substrate

282 vi a [go3u) ur Aurthyr, 01G.f90 SbwiRkALNihEf AthRl SMRRAE D E2 #0e 1hB sBlord Slbstrite
of second netallic interconnects 292 are positioned on a second

surface RIATR thilaSsus Qe d15 iRAIEAE Becdfd thrbtih fidlE 214.SHHf @GE sa&%aeletzh@
second substrate 284 is positioned opposite the second surface 294 of

the secopdrstddsid Bt 8ecd8d sutlsitat@ 260 &i¥h Agh tﬂ%%taon@ afebiridiyt dt,ﬂdml% Bhdrdohn

first netallic interconnects 290 and each of the plurality of second

metal ]! Gl fiRRCARNRLHSitdR i B HO6R Brigh dfe FRL O iddly lABCA! Snductive

substrate 282 includes a silicon or a B e seco
substrate 284 includes a sem conductor substrate with an el ectri cal
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284. The third substrate 296 includes a second through hole 298. A
first electrically conductive interconnect pillar 300 is positioned
on the thi te 296 and extends froma first sur 4

the third g&béﬁggégﬁZQG through the first through hol e g§@§§%gwmﬁam
electrically contact the first substrate 282. The third substrate 296
is positioned above and in contact with the second substrate 284 via
each of the plurality of second netallic interconnects 292. The first

electric . Ay / 0084000268 nducti ve.i nt erconnegt -
oi ar oot oL b il o Ry SRR P ARt o o o e
metal l'ic,intercon t 3 A pluralit f,,tourth npetallic )
i nter contr%lérgtsug 08 -af 2’ &ogﬁ? inbeﬁag%r’ 3‘23{%0"%8“3&4 1§ frmgd @ o8P Sptias ity fhrd
subst r at 96 .,.0pposite to the first. surface 304 .of the third
subot r at oSBT BRI b ReaRrest eS8k rRRRY B wein svpLi Hetsonmsgis7ag re
be considered the active sjide the substrate and_the second surface
506 of tHS P sppepilassel e jeoanl BORGIGLI A0t At PRedicBesPREc PG
the subsirate. In.thjs_regard, the first electrically conductive
i nt er contid® £ P4 t%?)f?“ftg mstallic; intsrraneh 0% Mig asepqnganéiliie conneqtion 225 The
substratﬁgé96 and each of a plurality of fourth netallic ] )
i nt er contie electigally; condistive Intrcoament PHIRR2 1648 1 cpatast wigh exfe of e plyiplity of sixth
substrate 296. The first electrically conductive interconnect pillar
300 is imeebiRtiBerconitnehn %Mﬁeetpﬁ;e rcamneeijoro P24 do ome embedifrents the third
interconnects 292 via a first nmetallic connection 310. In one
enbodi neRPstrainhgl% inplydeseq samipqndugton subsratruwith we eleptrierlconwie furmpd Kiegsin. 3o
i ncludes a copper material or a solder material. The third netallic
i nt er contiid telestyizallin gordustivep fntergpamest ildri 286 wiclufiesun tohppvetradieriab or a solder
interconnects 308 includes a solder nmaterial or a stacked |ayer
ar r angeniaeridsTheelifth waabiciintecogect 218 apd gre B leaFitme fixtismetakiic antbricgunect 220
connection 310 includes a copper material. The third substrate 296
i ncl udesingludasrdi sobletimeteon!l @ roticket @rang¢thentas slertidned caFIGeily 2 of 3. Thersamad
therein. [0047]1n one enbodi nent, the second substrate 284 and the
third subgilliatenn2g®n22 anhthe dantenet@hic tonpéction @24ihelndes iatcyppef mhterislt
nmetallic interconnects 290, each of the plurality of second netallic
i nt er conli83l]s 2Bn, Fitk SThihowrs mettaking of iarfoertic abeeat 230 gbora theethind sulfstrate
the plurality of fourth netallic interconnects 308 is the sane.
[ 0048] FIZ32. Bhe fanrtBNubsione 226rinthdel o thirdathtougk thulei 128, The Miuphaobdati 10§ is
to one enbodi nent of the present invention. FIG 9A shows a starting
subst r atsacBdd aboVh ehes tisit subbteate322 sEY thatcthe derdacls@nitalio ndbidilctive interconnect
material, for exanple, silicon (Si), silicon germanium (Si Ge),
Gal | i um gilsrehiiédean( BaAskived S& ahd ek t8lighi ib1E 28, AAphiralibf seventh metallic
2010/ 011177PCT/ 8G2008/ 000268 [0049] Next in FIG 9B, circuits 322 are
formed adntefcohmptsA30er®forinb® of Wbsifal of Bd Bub sabstlafdt 2@ Bhesbeid Gébtdically
fabrication process. (See block 904 in FIG 9B.)

conductive interconnect pillar 204 is in contact with one of the plurality of sixth metallic

-

interconects 220 via a fourth metallic connection 232. In one embodiment, the fourth substrate
226 includes a semiconductor substrate with an electrical circuit formed therein. Each of the
seventh metallic interconnects 230 includes a solder material or a stacked arrangement as

mentioned in FIG. 1, 2 or 3. The fourth metallic connection 232 includes a copper material.
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[0050]In FIG 9C, a photoresist (PR) layer 314 is applied or coated
onto a top surface of the substrate 312. The photoresist |ayer 314 is

then pattegReRid@1i@r m an opening 316 thereby exposing gcPREIJEEHNs
the substrate 312 by standard photolithography techniques. ?See bl ock

906 in FIG 9C.) [0051]In FIG 9D, a layer of solder nmaterial 318 is
bei ng deposited into the opening 316. The deposition of the | ayer of
sol der 318 may be carried out by a solder plating process or a screen

printi ngfdﬂﬁ‘ﬂces n( %?@ %ﬁ g‘ﬁ%v %dx%taltig Gt {ﬁe s%{%tl)ate génlléﬂ EA %‘rmg%%n %Ig:eSD

| ayer of der 18 IS re Torma necall nterconn

Sol der r gfccif%t %Q&ldbit fhtggJ J}B%{%‘é?‘ %'egtﬁ %Qllp %t%?or‘h@&s IZX(? F L%f co%l%lctd%{th a ﬂfth

mat eri al he tenpera ow cond

H o SpoHbedd00sd Sne Rl el el B Hnd iRl il 3‘5831’3%%05%{ one
Crri ppt ngoedaAREpah s ?‘a%f?ﬁﬂé’aﬁisé&* ish bt Bt Pt o2s antic stiBe’

ol 2 fogah L S SR M GG sobitater RS b Send ibeegle, Hcf 365 B
S0l el 305 ' o ﬁst%ﬁéﬁgﬁﬁs?rgécizgyérpeﬁmmgkaﬁ% ireelpegiclhe co3ductwe

surface of the su rate 312 re.t cults 322 are _fornmedThe
phot oseni&fersopaedt aﬁé I%Ahwyomﬁfm % o é‘i“fealfltef‘i‘?&?ecé%‘é? #pndgthe, third
change in its phy cal properties when exposed to a radiation source,

In one e 3H1‘éﬁ?“ uehee Wiraionaeheillas 446 4!%19@&8@24&8%&@%%lrttmfmeect 196,
phot oresi st and anx conner0|allﬁ avai l abl e dr% film Exanples of dry
fi 1 m i nctagkef the plirality,pf sspanddpsjalis infpreoppgsisn98 of 9thﬂrﬂ|mﬁtalbcswerwect 206, the

2010/ 011177PCT/ SG2008/ 000268
fourth metallic interconnect 208, the fifth metallic interconnect 218, each of the plurality of sixth

metallic interconnects 220 and each of the plurality of seventh metallic interconnects 230 are the
same. The first metallic connection 210, the second metallic connection 222, the third metallic
connection 224 and the fourth metallic connection 232 are the same. The connection between the
respective substrates as as shown by the arrows.

[0038] FIG. 6A to 6B show a method of manufacturing a substrate arrangement according to
a further embodiment of the present invention. FIG. 6A shows a substrate arrangement including
a first substrate 236. A second .substrate 238 is positioned above the first substrate 236, the
second substrate 238 including a first through hole 240. A first surface 242 of the second
substrate 238 is in contact with the first substrate 236 via a plurality of first metallic
interconnects 244. A plurality of second metallic interconnects 246 are positioned on a second
surface 248 of the second substrate 238. The first surface 242 of the second substrate 238 is
positioned opposite the second surface 248 of the second substrate 238, In this regard, FIG. 6A

shows the second substrate 238 including a double side solder bump. In one embodiment, one of
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dry film N chgo ALPHO dry film The average thickness of the
phot osensitive layer 324 is typically between about 10 to about 100
gm or aboulyol 4 ¢Bout 200 gm For exanple, if a thi ckpggggmw&gg&m
is required, a double lam nation or coating can be carried out. The
phot osensitive |layer 324 is patterned so as to expose an area of the
substrate 312 to form an opening 326 in the photosensitive |ayer 324.
(See block 914 in FIG 9G) [0055]In FIG 9H, a portion of the
openi ng S fi i tuaCcanp f . i

R oty b1 G G éaruls%gxgwg@ TH4CHRPEe B{)gr@r{é@l@o@p&%@o Rlate

conductive i nterconnect pi a process mm

plating gr.elach! ofialilag . s'éid@?#gtgrgiilao&iaggldfe e1Re ﬁ%?%%lst%f% WY S0 Ges a

nmetal initts tonic formis supplied wth electrons

non-i oni & ian@T? ssg*?tg.eﬂer s%g\%n?iﬁggnra?é 8 i-rm?(heg%isstgtﬁjfch%& %%!*%Er?t%n é:vith an

i nvol ves a chem ca ution contains

netal, a noge. itively charged) which may consist of the netal
bei ng pl ?afcgﬂca?glréugtﬁﬁ%?egtgeﬁ%ﬁ'e) or an insoluble anode (usually carbon,

pl ati nu it anj , ,0r steel. nd, finally, at hqde

(negat i CL"Ieéblc ha S%Pdfh\'e/x%gjr Hogp é’cs?q%%fg °§Péh1§°l;ﬁ’§F‘r%%2§°o§‘wF Sgl?cséc"é‘dfsfﬂ?srtr'iate

of non-i Qo tal ., (Se l.ock, 916 in FI G 9H 0056] 1 n FIl 91, a.

| ayer of ggoﬁgg&%ﬁbﬁ('@tef%rfﬁ%“% apegond iﬂfrg‘bghol??l‘% ?‘% ﬁo@s%%?cfré‘@ y gendugfive

electrically conductive .inteconnect pillar 328 by a process for .

exanpl e S&F @P%Pﬁfar r?tjso‘ﬁ PogFaRad pradieethisdi PSR, 5’-‘(05@5{ BrERdR feppg the, third

FIG 9l. 0057] 1 n one enbodi ment, the electrically conductjve

i nter con%i’é?g‘fat ;'qu tg’i"“@?@e E%}%Fﬂ‘tﬂhtmée 2y glerarally Gpatags the fretybrinate2d6. The

materials, In this regard, the steps in FIG_9H and FIG 91 can be a

si ngl e ptdd sudstrae 250 isppsisignedhahopesandyin coplaet Wittt serend substrate 33/ wie eagheot

312 or device wafer is being thinned or backgrind to reduce the

t hi cknes%e glurglie okspsend metallig intercqppects RAG N hediresrelastierly candndiige jingerconnect

achi eved by a nechanical, chem cal, plasma process. (See block 920 in

FI G 9J. pillangbaapingoptagt withby fisCoduBite 83068 2[igobgitaitic mtccomket 236 heflrst

| ayer 332 and a passivation |ayer 334 are being deposited on the
electrically conductive interconnect pillar 254 is in contact with one of the plurality of second
metallic interconnects 246 via a first metallic connection 258. In one embodiment, the first
electrically conductive interconnect pillar 254 includes a copper material or a solder material.
The third metallic interconnect 256 includes a solder material or a stacked layer arrangement as
mentioned in FIGs. 1, 2 or 3. The first metallic connection 258 includes a copper material. The
third substrate 250 includes a semiconductor substrate with an electrical circuit formed therein.
[0040} In one embodiment, the second substrate 238 and the third substrate 250 are the same.
Each of the plurality of first metallic interconnects 244, each of the plurality of second metallic
interconnect 246 and the third metallic interconnect 256 are the same.

[0041]  FIG. 7A to 7B show a method of manufacturing a substrate arrangement according to

another further embodiment of the present invention.
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backsi de of the substrate 312 by a El ectron Beam Evaporat or, Physi cal
vapor depostion, Chem cal vapor depostion for exanple. (See bl ock 922

in FIG 9K“kybggggthn FIG 9L, a through hole 336 is fopapdaiids N

the substrate 312 by a laser drilling process or a deep reactive Ion
etching (DRIE). The through hole 336 is forned in such a dinension
that an electrically conductive interconnect pillar of another
substrate or die of the sanme dinension or of a different dinension as

(neeleckiafol | HCLODIUSHLE s L MR nPlbl i 3Bl R A Gl
(006111, 904 R GBI b 2 bt e IR 2L S
e G LRI T R R——
(oL PO Bl ST DR PR 51 o B ach ot
oo g S o M S T e 20
L, R O B0 S RSl g SO e s el v

1to 10 w% (See block 926 .in FIG 9M) [0062]In FIG 9N, the

subst r at Withaneleatrica] eirgut fHrmed hering ed to obtain i ndi vi dual chips 338
by a | aser. dicing process. The Foint of dicin% is as shown by the
3 g

arrow. [8083] FI ExtoRIGs HBvibows 2 siagkinz el ¢ Hund mbsiggtea26d abeve tie sec9ng substrate
having an electrical circuit 322 fornmed therein, an electrically
conduct i 4@ Thi Wird shbierate 268 |inclydeg o secperd fhrqugh dglegi7OaA firstelectigal eandestive
the substrate 312 and extending fromthe first surface of the

subst r atidtegppnegheillar 2 is @Qﬁtl?ﬂ?g en3typthirg shsirate 768 apth exthrds Siany 6 fisgr urface
312, wherein the through hole 336 is formed in such a di nension that

an el ect ¥ocef| thy tirh sihstraty shropghe the dirstethrough |hplgr 2632@ d¢ctrigally Ivemtact the first

substrate or die of the sane WO 2010/011177PCT/ SG2008/ 000268

di mensi owbeiratepd60aThi third subatradiZ68 isspositionss abloee tie sedond galisirgte 262 anrcthi: fiest

interconnect pillar 328 can be received in the through hole 336.

Fur t her , sugfadei 276 tof thetthird substiatg 208domrentact 3¢t thesegorsi subsirateR 63 rvia dydurfalitysif

surface of the substrate 312, adjacent to the electrically conductive

i nt er corneenyd nuitdlliamt@ABnetSEH. Bhofitt 92fBcd 276Rn G bOddnpidered as the active side of
the third substrate 268. In this regard, the first electrically conductive interconnect pillar 272 and
each of the plurality of second metallic interconnects 274 are positioned on the active side of the
third substrate 268. The first electrically conductive interconnect pillar 272 is in contact with the
first substrate 260 via a third metallic interconnect 278. The first electrically conductive
interconnect pillar 272 is in contact with one of the plurality of second metallic interconnects 274
via a first metallic connection 280. In one embodiment, the first electrically conductive
interconnect pillar 272 includes a copper material or a solder material. Each of the plurality of

second metallic interconnects 274 and the third metallic interconnect 278 includes a solder

material or a stacked layer arrangement as mentioned in FIGs. 1, 2 or 3. The first metallic
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[0064] FIG 10A to 10N show a net hod of manufacturing a chip according
to anot her enbodi nent of the present invention. FIG 10A shows a

starting sw(gfztoi(%ﬁn?ﬂo. The substrate 340 may i ncl Udema](n(gﬁ@e@%&% or

mat eri al , exanple, silicon (Si), Silicon germaniu

Gal lium arsenide (GaAs). (See block 1002 in FIG 10A.) [0065]In FIG
10B, circuits 342 are fornmed on a top side of the substrate 340 by an
integrated circuit fabrication process (See block 1004 in FIG 10B.)

[0066] I n_Fl G.. - er of photo sitive layer, 344 .is applied,t
e sur r seatpT 20 i BB Ruily IR ! Gpoi a0 3ndes 3 ot or
The photogensitiyve |.ayer 344. i.nclude a material that experiences
a change® %Ffr?‘i‘glﬂbﬁb%lf%‘a?alf)lf%g?‘%‘?eggh?ﬂﬂ%n exposed to a radiation
sour ce. ne enbodi t, the photosensifjve |ayer 344 includes a
Tht ok pnisPflos: o0 rORirewe e aROR Atg el 497 S0 6 iy St 48 n e agme.
of dry filmi.ncluyde Ashai Sunforf dry fil Dupont. dry film JSR thy.
film N E%E&f ﬁlfm%awﬁ?‘w et IniRyRInageLs 496; a6h @5 thegurglfy of Second metatiic
phot osensitive |ayer 344 is typically between about 10 to about 100 m
or aboutmﬁf’ﬁFoPBecéfb%ﬁtm‘k%ﬁHdIF‘?I?II‘%%’&W”@?“P?S greihfisa®iess of 200mis
requi red, a double |amnnation can be carried out. The photosensitive
| ayer 340048 paFlGe BAde SBshew apnsthodid swnufacturngs SbstifiarsiBemons pecomling to
to forman ogeni ng 346 in the photosensitive |ayer 344. (See bl ock
1006 in ¥t @ forther, gmbodgeent (of tg greseny mvegtigno lGofActhovha wperitn gragemey
subsequent|ly filled with copper to forma electrically conductive
inter corﬂﬁé‘é%/m@ii firsh pubsigge B§2. 4 socendesybstrater Apdds pesiiionrd aboleithn fipit autistrae 382,
el ectroplating. Electroplating is the process by which a netal inits
i oni ¢ f ohes¢oend gpstrate @8qvindindinge At Giroush1holrZsl. 3GEG084rt00 288 of the second
el ectrons to forma non-ionic coating on a desired substrate. The
most conswbsfratsy @84 s i invesintaes withc Henfish|substiatgt 289n viehi cplubivyt ef igstt metallic
ionic formof the netal, an anode (positively charged) which may
consi st ipferdohmectset98] Alpdarality pif atwdd tadldd nbr@nagred29? ae pesitidnad oh alzkend
anode (usually carbon, platinum titanium |ead, or steel), and
final | y,sudagal3ocfeth negad isvishgte A3dr Gedjirsnviefaee 288 of thenscaresubupp 284dis
to produce a filmof non-ionic netal. (See block 1008 in FIG 10D.)
positioned opposite the second surface 294 of the second substrate 284. In one embodiment, each

of the plurality of first metallic interconnects 290 and each of the plurality of second metallic
interconnects 292 includes a solder material. The first substrate 282 includes a silicon or a BT
substrate. The second substrate 284 includes a semiconductor substrate with an electrical circuit
formed therein.

[6046] Next, FIG. 8B shows a stacking of a third substrate 296 above the second substrate
284, The third substrate 296 includes a second through hole 298. A first electrically conductive
interconnect pillar 300 is positioned on the third substrate 296 and extends from a first surface
304 of the third substrate 296 through the first through hole 286 to electrically contact the first
substrate 282. The third substrate 296 is positioned above and in contact with the second

substrate 284 via each of the plurality of second metallic interconnects 292. The first electrically
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[0068]In FIG 10E, a l|layer of solder 350 is fornmed or deposited on
the top surface of the electrically conductive inteconnect pillar 348

by a proce npl e sol der plating or sol der paste_prinling.
(See bIock§?6%3hP§ﬁﬁlG. 10E.) [0069] I n one enbodi nent, gﬁ@ﬁ&&%ﬁ&mxm

el ectrically conductive interconnect pillar 348 may include any other
sui tabl e conductive materials. In this regard, the steps in FIG 10D
and FIG 10E can be a single process step. [0070]In FIG 10F, the

backsi d f . . devij f ' [ i :

packe: o8l bE LRI G a3t o SHEF B ey

LR TS S R R R I, VU S
d ' ' I 54 ' d ited t.h

20T SR R 305 e LB TROA 0 e .
Lt ' ition. (S bl ock 1014 i

EEE S B MOS0 1 oy 55l e

f f th b te 340. T t | st
I RN LT R A P

portion of the substrate 340 by standard photolithography techniques.
(See bl otbstiage dn fhys regerd, the first e?émcaébfmpé}ﬂlw mbtr,qws@g @dgr @gsitioned on

the active side of the third substrate 296 and each of a plurality of fourth metallic interconnects
308 is positioned on the passive side of the third substrate 296. The first electrically conductive
interconnect pillar 300 is in contact with each of the plurality of second metallic interconnects
292 via a first metallic connection 310. In one embodiment, the first electrically conductive
interconnect pillar 300 includes a copper material or a solder material. The third metallic
interconnect 302 and each of the plurality of fourth metallic interconnects 308 includes a solder
material or a stacked layer arrangement as mentioned in FIGs. 1, 2 or 3. The first metallic
connection 310 includes a copper material. The third substrate 296 includes a semiconductor
substrate with an electrical circuit formed therein.

[0047) In one embodiment, the second substrate 284 and the third substrate 296 are the same.
Each of the plurality of first metallic interconnects 290, each of the plurality of second metallic
interconnects 292, the third metallic interconnect 302 and each of the plurality of fourth metallic
interconnects 308 is the same.

[0048] FIG. 9A to QN show a method of manufacturing a chip according to one embodiment
of the present invention. FIG. 8A shows a starting substrate 312. The substrate 312 may include
a semiconductor material, for example, silicon (Si), silicon germanium (SiGe), Gallium arsenide

(GaAs). (See block 902 in FIG. 9A.)
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[00731In FIG 101, a layer of solder material 358 is being deposited
into the opening 357. The deposition of the |ayer of solder 358 may

be carriedwy@Hoihyig7sol der plating process or a screen Pé’f@%idi)finnozss
process. (See block 1018 in FIG 101.) 100741lIn FIG 10J, the layer

of solder 358 is reflowed to forma netallic interconnect 360. As
mentioned earier, solder reflow condition may vary depending on the
type of solder material. The tenperature for the solder reflow

FrG 109 o7 BPRTniTR bRy B 9L ak bt £ B iag 8P s b 120y &
From { et R aP ghhen iy Ros Bort AR PR B st bt ur e
codi um h)Asbl; o et PEppato B Sl 414 Balisaiy STarghimbia R esecr e
nt 1 1 NEpRAs SLELR PSR T e B BRETER g IoRh b HETPACLS diegchy
cont a1 ni FORBE BPPGAN G 0% SASTEEATARY AyRBLRR AR BG e R Ssscblek 90
has a typical concentration of 1 to 10 wt % (See bl ock 1022 in FIG

10K.) [OGfé@I?p-PSI G 10L, a through hole 362 is formed through the
substrate 340 by a |aser drilli ng process or a_deep reactive ion
et chi ng PBRIE) . InTRIG. 9% darer wbsldesanaterial P} ipehsingrlepotiigd dntgithreppsnigg 316.
that an el ectrical I¥ conductive interconnect pillar of_ another
subst r at Ehotlepgpiion pt thedaysa @é seliereHSi may s cagiedaowibyfaetolder PR REICEY A
the electrically conductive interconnect pillar 348 formed in FIG 9H
can be r&seeppagtngpreesss. (Fredlagk 988 Ief1g69D.) (See bl ock 1024 in FIG
10L.) [0077)In FIG 10M the photoresist |layer 356 is renoved or
stri ppedl0@fidly bin BIG 96t thedayes of salddrgpe is ePRSyd torlaon errestillie interegnspedt 3g0.
or sinply '"resist stripping', is the renoval of unwanted phot oresi st
| ayer fr Setdermeflovbaditinanay vasy dipending oethe sypeof edlderimpasgrial.tThe temperature for
photoresist material fromthe substrate as quickly as possibl e,
Wi t hout tksalderngflemyorslitiochacay raegedrdnabimuti HIPEE t¢ HoupHWFfOr@s¢ lock B0 iINBIG.
2010/ 011177PCT/ SG2008/ 000268

9E.)

[0053] In FIG. 9F, the photoresist layer 314 is removed or stripped away by a photoresist
stripper (PRS). Photoresist stripping, or simply 'resist stripping’, is the removal of unwanted
photoresist layer from the substrate. In this regard, any other suitable techniques or processes
may also be used in order to provide greater flexibility with respect to forming the metallic
interconnect. (See block 912 in FIG, 9F.)

[0054] In FIG. 9G, a photosensitive layer 324 is applied to the surface of the substrate 312
where the circuits 322 are formedThe photosensitive layer 324 may include a material that
experiences a change in its physical properties when exposed to a radiation source. In one
embodiment, the photosensitive layer 324 includes a thick photoresist and any commercially

a*luailable dry film. Examples of dry film include Ashai Sunfort dry film, Dupont dry film, JSR
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be attacked by the chem cals used. In this regard, any other suitable
techni ques or processes may also be used in order to provide greater

flexibilitydMeidlofipepect to forming the netallic intercgpp
bl ock 1026 O METENS 10078] In BIG 10N, the substrats KGgmhonsss

di ced or singulated to obtain individual chips 364 by a | aser dicing
process. The point of dicing is as showm by the arrow. [0079]FIG | ON
shows a chip 364 including a substrate 340 having an el ectrical

IR 2T R L e e
t endi I 3 of th b te.340 d .

ertond: il SAENLNES Wl AU IBRF AR a b, MBSO R0 . i

(0roush, UL 398 KRS L PR L e ST e

sanme di mepsi on.or of i.fferent, dinmension as the el ectrical

conduct | & ?sﬁ?sétl"f?olﬁ?‘leé?ﬂzg At PRIFMEY A9 AR BROSE &8 <A tLﬁ syhsizate i?hl%lfﬁgﬁ’“n an
hol e 362. Further, a first netallic ipterconnect 360 i s positioned on
R s econdoREAE 8 phgto G et ot SSes RS B 960 e

el ectrically conductive interconnect pillar 348. The first surface
365 15 of5Y { ol BG Qb: e aewRROCUF PREAES i pibsrsenliled 2l comeer 'y g 2
bl ock 1028 in FIG 10N.) [0080]FI.G 11 shows an electrical nodel 366
of a subSlestasally fopdychseramercenned Rl 28 Pyom rasRIs EmAE PR colvampplatingner
invention. FIG, 11 shows a plurality of electrical]y conductive )

i nt er conPlEeitopkiting. lectropgting wheprogess by hithes mewpincits ipnicdomps issuprlisd 36th
by respective air-gaps 370. The airgap 370 around the electrically
conduct i glectpsing foaforp aaepdenia g on p gpated srbspaifeFhe mest gerwen syssm inkelves
substrate 369. [0081]FIG 12 shows a conparison of sinulation results
of vari o&shawpddphinn svhish canigins she iwnis farm af gempsiel, ax ewnddi(payitivelyorharged)
enbodi ment of the present invention. FIG 12 shows a plot of signal

i nsert i owhichgeayneonsistsoffthe metahbsing Plaged (3 Adlubls dnode) or po immluble anpdp (usbally

376 is for a WD 2010/011177PCT/ S&G008/ 000268
carbon, platinum, titanium, lead, or steel), and finally, a cathode (negatively charged) where

electrons are supplied to produce a film of non-ionic metal. (See block 916 in FIG. 9H.)

[0056) In FIG. 91, a layer of solder 330 is formed or deposited on the top surface of the
electrically conductive inteconnect pillar 328 by a process for example solder plating or solder
paste printing. (See block 918 in FIG. 91.)

[0057] In one embodiment, the electrically conductive interconnect pillar 328 may include
any other suitable conductive materials. In this regard, the steps in FIG. 9H and FIG. 91 can be a
single process step.

[0058] In FIG. 9], the backside of the substrate 312 or device wafer is being thinned or
backgrind to reduce the thickness of the substrate 312. The thinning or backgrinding is achieved

by a mechanical, chemical, plasma process. (See block 920 in FIG. 91.)
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t hrough-hole or via with 20gmair-gap and plot 378 is for a through
hole or via with 20gm air-gap and 1 gm copper-shield. The air gap

around t he ically conductive pillar provides a s
i nsertion @s@(ﬁé{éll 7|9fferent signal tansm ssion frequenggl.jjrl%ﬁ)g%qg?%

13A to 13C show types of stresses on an electrically conductive
interconnect pillar 372 of a substrate arrangenment according to one
enbodi nent of the present invention. FIG 13A shows a normal stress

on the eL rical ng/%lc Fye ipterconnect . i%lgar 72.. The, nor.mal
orress l0BSHG R SRTRME e LoRRIAMSHRR D5 B helmiCuBE Pon e
on the ect.rical onductjve interconnect pillar 372 of a substrate
arr ange%ﬁ%gs.léerﬁg tt‘/% ﬁ‘-?tfﬁ‘rgtgsi & E%sas E%Ftr%‘b &C%I }g‘f’i‘f’orgt[of’eéléy sfcal ﬁﬁﬁ’ﬂtd%POSt‘on’
364. 49 . O%FIG .13C sho firs i, nGJ stress on the
el ectri 2@%’?}&3(’5 deRestion %{8’?8{%%35?3 %?‘]tklggﬁ ”Bgiéfgk)a substrate
arrangengnt. . Th Iy i ncj pal [ess aqr, maxi mumstress in a .
princi pr@oéq]aneﬁi }ESIGaﬁfﬂfF ﬁ]f%’él‘ gg‘s 3%5‘.&’?’{5@6@]"1‘@ tPp nbsiate gl P2 laser drilling
description, further aspects of enbodi nents of the present invention
wi Il be BRESHPRAdIeR ERE AL Fighing (PBIand be thyeusinbele 33p i fermsdeigesyeh a
invention, a _new design to inprove the process, electrical and _
mechani clmepsior ahaheledrienly capdushve intpreonntst gillar ebepother sybsiaty or disyebthe
is proposed. Issue of via plating is elimnated by renoving the need
to pl at esamgainensionongf a disicesat digengiom ax b oleptrirallysondystveintesonnesheifland28
colums. This nmethod also allows the vias to be fully etched or
drill ed fgimedin&IGtheancs reqeived it} the thirengh dgle 396 +(Bee tleck ¢ in FiGu L r e,
nodel i ng shows that there are inprovenents in the electrical and
mechani cldP6ler f vr it Ob% theThhotosensitios dayver 334 inetwipped. Safppingds thetthmowhppthe
using low tenperature processes are also shown. [0087] According to
one enbarliotpsensitiye lavier3 2 feae the sitbpitatet3il 3rand ihvelvss nenersing theatrectsre goltaiding
by a flipchip approach.
the photosensitive layer 324 in a heated solution of sodium hydroxide (stripper solution) (or
commonly known as caustic soda, lye, or sodium hydrate) and agitating the sodium hydroxide
until the photosensitive layer 324 lifts off from the substrate 312. The photosensitive layer 324
can also be stripped by plasma ashing or with a PR stripper or an alkali containing solution such
as sodium hydroxide. The sodium hydroxide has a typical concentration of about 1 to 10 wt%.
(See block 926 in FIG. 9M.)
[0062] In FIG. 9N, the substrate 312 is diced or singulated to obtain individual chips 338 by
a laser dicing process. The point of dicing is as shown by the arrow.
[0063] FIG. 9N shows a chip 338 including a substrate 312 having an electrical circuit 322
formed therein, an electrically conductive interconnect pillar 328 positioned on a first surface of
the substrate 312 and extending from the first surface of the substrate 312 and a through hole 336
formed' through the substrate 312, wherein the through hole 336 is formed in such a dimension

that an electrically conductive interconnect pillar 328 of another substrate or die of the same
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WO 2010/ 011177PCT/ SG2008/ 000268 [ 0088] Accordi ng to one enbodi nent of
the present invention, the electrically conductive interconnect

pillar is t tact with the sides of the through I n
t he substrgﬁQ§0h@H§§Hgives rise to respective air gaps'bg d%%%&%ﬂ@ﬂm
el ectrically conductive interconnect pillar and the substrate which
results in better electrical performance. [0089] According to one
enbodi ment of the present invention, stress |ocations are only

gcat ed hehdith & 84! ditrbRly dnE RN DY Bl LS BNNRGLe RlokdoBhect pilar 328 can

[ 0090] According to one enbo présent T nvention,

second substrat.e | 0Si, 1, bgve i n.contact w the.first
Suborr ar R fttn 2 (BOR AR, ARCE oM el Gadtt 520 i Biaioned on the
Accordin 0 _pne odi nen f the present invention, the at |east
et b el SR oY RiBsRE a1 ag o R 8 b il Gy iy ctinect Bl 328,
0092] Acgor di Q odi ment of the present invention, the at
{east on e?g?agq%@?gﬂgﬁﬁﬂ$nterconnect includes a first metallic

| ayer, ond tallic yer arranged on the first netallijc |ayer;
and a t ﬂl“ﬁ@ﬁ met B4 {184 %ﬁeyé‘ﬁ1 éﬁ%ﬁg@aﬂ’gﬁi of A BCHHRE ettt RFeording ég another
[ 0093] Accordi ng to, one enbodi ment._of the present invention, the first
met al | i compRaguRenf pidthe presenyinyesioar FiGad @ showsgrstastingsbrtiate 3P efhegpbstrate 340

may include a semiconductor material, for example, silicon (Si), Silicon germanium (SiGe),

Gallium arsenide (GaAs). (See block 1002 in FIG. 10A.)

[0065] In FIG. 10B, circuits 342 are formed on a top side of the substrate 340 by an
integrated circuit fabrication process (See block 1004 in FIG. 10B.)

[0066] In FIG. 10C, a layer of photosensitive layer 344 is applied to the surface of the
substrate 340 where the circuits 342 are formed. The photosensitive layer 344 may include a
material that experiences a change in its physical properties when exposed to a radiation source.
In one embodiment, the photosensitive layer 344 includes a thick photoresist and any
commercially available dry film. Examples of dry film include Ashai Sunfort dry film, Dupont
dry film, JSR dry film, Nichgo ALPHO dry film. The average thickness of the photosensitive
layer 344 is typically between about 10 to about 100 pm or about 10 to about 200 um. For
example, if a thickness of 200pum is required, a double lamination can be carried out. The
photosensit.ive layer 344 is pattered so as to expose an area of the substrate 340 to form an
opening 346 in the photosensitive layer 344. (See block 1006 in FIG. 10C.)

[0067] In FIG. 10D, a portion of the opening 346 is subsequently filled with copper to form a
electrically conductive interconnect pillar 348 by a process termed copper column plating or

electroplating. Electroplating is the process by which a metal in its ionic form is supplied with
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[ 0094] According to one enbodi nent of the present invention, the
second netallic layer includes a tin material or a solder material.

[ 0095] Accogg ne enbodi nent of the present inventj I.rd
metallic |g"$eirw‘f"?%g’rﬂdes a copper material. [0096] Accord#ﬁglsg;%ﬁg%otg%s

enbodi ment of the present invention, the first netallic layer is in
contact with the first substrate. [0097] Accordi ng to one enbodi nent
of the present invention, the third netallic layer is in contact with

second substrate. WO 2010/ 011177PCT/ SG2008/ 000268 [ 0098] Accordi ng .t o
oo, onbolTEIE [oPTPRdB BE AT JBACTIRE MR En LN BETPAL S olve

gg:i g;gg%gh%@éﬁoﬁzggﬁl k@éﬁ%ﬁ%ﬁﬁ&% ttk\.{g }opﬁcsfgr%g '89 thseurgestglf g'rtl gno\{iie 6&pc%Etivlel'szac:?lglrgecl)
which may consist of the metal being plated (a soluble anode) or an insoluble anode (usually
carbon, platinum, titanium, lead, or steel), and finally, a cathode (negatively charged) where
electrons are supplied to produce a film of non-ionic metal. (See block 1008 in FIG. 10D.)
[0068] In FIG. 10E, a layer of solder 350 is formed or deposited on the top surface of the
electrically conductive inteconnect pillar 348 by a process for example solder plating or solder
paste printing. (See block 1010 in FIG. 10E.)
[0069] In one embodiment, the electrically conductive interconnect pillar 348 may include
any other suitable conductive materials. In this regard, the steps in FIG. 10D and FIG. 10E can
be a single process step.
[0070] In FIG. 10F, the backside of the substrate 340 or device wafer is being thinned or
backgrind to reduce the thickness of the substrate 340. The thinning or backgrinding is achieved
by a mechanical, chemical, plasma process. (See block 1012 in FIG. 10F.)
[0071] In FIG. 10G, a metal layer 352 and a passivation layer 354 are being deposited on the
backside of the substrate 340 by a Electron Beam Evaporator, physical vapor deposition or
chemical vapor deposition. (See block 1014 in FIG. 10G.)
[0072] In FIG. 10H, a photoresist (PR) layer 356 is applied or coated onto a top surface of
the substrate 340. The photoresist layer 356 is then pattened to form an opening 357 thereby
exposing a portion of the substrate 340 by standard photolithography techniques. (See block

1016 in FIG. 10H.)
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[ 0099] According to one enbodi nent of the present invention, the at

| east one second netallic interconnect is the same as the at | east
one first R} AhddGi7Jnterconnect. [00100] According to opergahpshiveit
of the present i1 nvention, the substrate arrangenent further includes
a fourth substrate positioned above the third substrate, the fourth
substrate conprising a third through hole. [00101] According to one
enbodi nent of the present invention, the fourth substrate is

posi ti onpgy7gbov e, aRel 1of aclgfgr%?tsol\‘i’i[niorgat&t%? 35Rid gLy &%Bﬁf%ﬁefntﬁit?ﬁ)g%ﬂ#g%?/.

one third netallic interconnect. 102] According'to one e

of the O 8P | i
!t or conniopop R 87 bieQfver f Kol (BT 87 i<, S 19k itk Blaing g or o

t | t 0. | i pt th . [00103
o bt TS St gl o L sare. {00100

e present invention, the second

el ectri Cﬂigg{} COﬂldHté ilﬁf" tf-len%§%;o??s$l§% %SEiils lre?‘lrowieg td ﬁ’)%‘ils'x:a:,nq?r}aglﬂ% gnr%ertcg]ngle%t hzgo

ot

second s rate and exten e second su a roug
dt 1 hol e. t i.call. tact .the. f h b te. .
T L A e G R S

substrate _arrangenmept further includes a fifth subsirat sitioned,
Sbove 1+ nahs TPPACER e b toldet e dpb s in oo et SO ko Ry R Sofo0c.
the present . jny i.0 t fifth substrate is positioned above and in
cont act &#?hbgﬁg£@ﬁﬁgyﬁlgiﬁstrate via at least one fourth metallic

i ntercon : 010/.011177PCT/ .SG2008/.000268 1001061 Accordi ng t
one. enbolorgnt ﬁ%@igfﬁrésemtmﬁw%ﬁwﬁﬁ Frestrppef TR theoisopal of the
metallic jnterconnect _includes a solder material. [00107] According.
to one cMRERRIHE | r%%éwé?&?swamﬁéﬂt nginvolyes amersing fhestryptice cgRABINg
further includes a third electrically conductive interconnect pillar
posi t i ontg REAtosRsitive lavar 3¢ &t ¢ deaed priutisn fedivg hydseride Estringry gplution) (or
substrate through the third through hole to electrically contact the
fifth sub¥EpeReknegpapepsticcwdr.dyar sedivhdydisse ardragitating therpedigmeiydrpxide
invention, the first electrically conductive interconnect pillar is

ar r angeduntih theorhotasensitive dayen 844 Wity off Sigpisthe substrate 34 Thiefphptopausitive layer 344

i nterconnect. ] _ o )
can be stripped with an alkali containing solution such as sodium hydroxide. The sodium

hydroxide has a typical concentration of 1 to 10 wt%.(See block 1022 in FIG. 10K.)

[0076] In FIG. 10L, a through hole 362 is formed through the substrate 340 by a laser
drilling process or a deep reactive ion etching (DRIE). The through hole 362 is formed in éuch a
dimension that an electrically conductive interconnect pillar of another substrate or die of the
same dimension or of a different dimension as the electrically conductive interconnect pillar 348
formed in FIG. 9H can be received in the through hole 362. (See block 1024 in FIG. 10L.)

(0077} In FIG. 10M, the photoresist layer 356 is removed or stripped away by a photoresist
stripper {PRS). Photoresist stripping, or simply 'resist stripping', is the removal of unwanted
photoresist layer from the substrate. Its objective is to eliminate the photoresist material from the

substrate as quickly as possible, without allowing any surface materials under the photoresist to
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[00109] According to one enbodi ment of the present invention, the
second el ectrically conductive interconnect pillar is arranged in

cont act mj%@?%gﬁgﬂ?ﬁrth substrate via a sixth netallic £?5§5£ﬁ§ﬂ§&5'

[00110] Ac one enbodi nent of the present invention

fifth nmetallic interconnect is the same as the sixth netallic

I nterconnect. [00111] According to one enbodi nent of the present _

i nvention, the fifth netallic interconnect includes a fourth netallic

| ayer andeanddéd by IR lcAbhicAs ha¥ S thik RAIH21nARGL G AR t&és?mflﬁgé‘scog ﬁ?ogg{s&eﬂ&y

of the present invention, the fourth netal’lic layer |

wi th the gfshrsd ugdde! bideald %r&\?&? %&Eﬂey ?le;:i'ﬂhﬁf %ﬂ'p?ﬁ%gec? it%s lhigﬁ?lfl% 3%:1 ]ﬁ?’c]tallic

According to one enbodi nent” o e present 1nven n,

metallic; L+Srdl .Y e third substrate. [00114]
According_%]lh%g&][o@rlﬁéet'(esIe Bﬁgﬁgﬁﬁﬁ%rkiﬁg jresent invention, the fourth

e N SIEIAS Bs AR BEly phoTB Shi i o
e P SRk b A5 L PSRl R 2,2, PP
ient oD S O 4 Bk b B
00111 A58 U o BRSSP e S BT T e
RN e A TR N A
I nventi 0962 tfct]nei‘]e(fi iti;:soL n%&ealsxlbisgatg %Q&ev%flgrgig tihQ Ctlllrléggehs h(?ie C3O pig rforrnr?étdei;ll saﬁlch a
dimension that an electrically conductive interconnect pillar of another substrate or die of the
same dimension or of a different dimension as the electrically conductive interconnect pillar 348
can be received in the through hole 362. Further, a first metallic interconnect 360 is positioned
on a second surface 365 of the substrate 340, adjacent to the electrically conductive interconnect
pillar 348. The first surface 363 is opposite to the second surface 365 of the substrate 340. (See
block 1028 in FIG. 10N.)
[0080]  FIG. 11 shows an electrical model 366 of a substrate arrangement according to one
embodiment of the present invention. FIG. 11 shows a plurality of electrically conductive
interconnect pillars 368, isolated from the respective substrates 369 by respective air-gaps 370.
The airgap 370 around the electrically conductive pillar provide a good signal or power isolation
from the substrate 369.
[0081] FIG. 12 shows a comparison of simulation results of various embodiments of a

substrate arrangement according to one embodiment of the present invention. FIG. 12 shows a

plot of signal insertion loss versus frequency. Plot 374 is for a normal via, plot 376 is for a
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[00119] According to one enbodi nent of the present invention, the
second netallic connection includes a copper material. 1001201

Accor di ng jﬁgﬁ%sgﬁodinent of the present invention, tEgyéégﬁ&mmmw

el ectrical ive interconnect pillar includes a

material or a solder material. [00121] According to-one enbodi nent of
the present invention, the first electrically conductive interconnect
pillar, the second electrically interconnect pillar and the third

l ectricall ducti LAt i th . 10012 .
Accor ai niegn SRR it HORERBRZEL pBL st 13X EniohEh BOERE Vi i 20um air-
bstrate i i du bstrat i fh el.ectri.cal Cci it
Formed- B B 1R CORB TR, AP aiPH %P Frome oSt comuas P Saides 2
invention,ﬂﬁhe fi.rs suﬁl rate, the second substrate, the third

subst r at TRFEEHECR OFF ¢ L FTeE LAnSISSIPh HeQIGARY: [ 001241 According to
one enbodi pent the present inventjon, the fifth substrate is a .
sem condﬂ@g@r sg%:étlgét g 13%%%?&)‘1&1’7*@ SE?%YG%’P@)‘%D%’@“‘[WG fBigronnect
Accordi ng_t o _gne enbodi nent of the present invention, the first
t hr ough wHPre”aﬁgatS%tr@teeBﬁwewt@a@qﬁ if® focong embagimgpted the Rsprgntinvention. FIG.
different axis perpendicular to a plane of the first substrate.
1001261 KA shafisryngrmabsiesse ap dhe destrically cenductiredsiersennest/piffay 312 Theenormal
second through hole and the third through hole are aligned along a
di f f er enttressds abgye 7 p8AEMEAl ar to a plane of the first substrate.
[ 00127] AccordinP to_one enbodi nent of the present invention, the
first sul88Hat eFI4 H@Bsbewyna veurhuses sress or e dosinicdlly aensiuetivednterchenect pillar
fourth substrate and the fifth substrates are arranged parallel to
each ot h&f2 of peausngl axeegsmeinnh dhe voromisessviserdir neyivalett strése ipatwybifid.49 MPa.
invention, the third electrically conductive interconnect pillar is
ar r angedi00¥dlc onFE& 1130 thews hefifst pridripsli bistss an shy elactricabventhictive imbricomect
i nt erconnect.

pillar 372 of a substrate arrangement. The first principal stress or maximum stress in a principle

plane is about 386.175 MPa.

[0085] In the following description, further aspects of embodiments of the present invention
will be explained.

[0086]  According to one embodiment of the present invention, a new design to improve the
process, electrical and mechanical performances of current through silicon via (TSV) issues is
proposed. Issue of via plating is eliminated by removing the need to plate the vias and replacing
with conventional and established Cu columns. This method also allows the vias to be fully
etched or drilled which eliminates cratering issues. With the new structure, modeling shows that
there are improvements in the electrical and mechanical performances. The processes of how to
fabricate the chip using low temperature processes are also shown.

[0087] According to one embodiment of the present invention, the substrates are stacked by a

flipchip approach.
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[ 00129] According to one enbodi nent of the present invention, the
seventh netallic interconnect is the sane as the fourth netallic

i nt erconnegt. ] According to one enbodi nent of th
invention,a#ﬁ?hﬁﬁéﬁghe second substrate above the firstﬁgﬁ%gﬁﬁgbgms
i ncludes form ng the second substrate such that the second substrate

is in contact with the first substrate via at |east one first
netallic interconnect [00131] According to one enbodi nent of the

j [ . h I . [ | Lic i .
et uaestOB40) BRI bre SRR AUEShaRy i Bhe P A ARG ongetive

the present invention, the at |east, one first netalljc.interconnect
ol beloaaBepiegt Pt Binel o sablast SR oo Pt it BTHER Bpls farneiis AR
the first .netallic Iagen; and a third netallic |ayer arranged on.the
second nBHSPFLIed SEPectiyypis g1ey R5L1er Hiscolasieally &P HuBS PG EEs] Pillar and
Accordiq% tQ one Eggodinané of %he present invention, the first

netal | ic Fﬁ&'é?a‘??{ grsultsm bgtes glectriggl pertammagee. 5 ol der nateri al .

[ 00134] According to one enbodi nent of the present invention, the
second nk@P8l i cAfeqiing tonenq gmodiment pithe aygsgnt igyention oftrges logafioss jagg only
[ 00135] According to one enbodi ment of the present invention, the
third neleeatedan thegleqtrically copustive ipterspunectmillay j al . [00136] Accordi ng
to one enbodi ment of the present invention, the first netallic |ayer
is in cofflt whedhrdinge g pRe embodisepin el the PrBeEng Mvepiiane th pegord swsirate is
enbodi mrent of the present invention, the third netallic layer is in
cont act Restipnesaboyrornd i eantast with redirg 8hbsiete ykadit Frgsttone Grsbmetathio ditereennecss
the present invention, formng the third substrate above the second
subst r at[€09Mc| ubiecording tiong embedimientrof thagrstentinzentigu.the pideast oree firki mefallic
substrate is in contact wth second substrate via at |east one second
met al | i cinfersoprectingladds a solder material.

[0092] According to one embodiment of the present invention, the at least one first metallic
interconnect includes a first metallic layer, a second metallic layer arranged on the first metallic
layer; and a third metallic layer arranged on the second metallic layer.

[0093] According to one embodiment of the present invention, the first metallic layer
includes a copper material or a solder material.

[0094] According to one embodiment of the present invention, the second metallic layer
includes a tin material or a solder material.

[0095] According to one embodiment of the present invention, the third metallic layer
includes a copper material.

[0096] According to one embodiment of the present invention, the first metallic layer is in
contact with the first substrate.

[0097] According to one'embodiment of the present invention, the third metallic layer is in

contact with second substrate.
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[ 00139] According to one enbodi nent of the present invention, the at
| east one second netallic interconnect is the same as the at | east

one first nt er connect. [00140] According to t
of the pre{sxgﬁf’i3 d|'{dnl\(§1e7l7nt| on, the nethod includes forn ng gﬂﬁ)urtﬁ%m
substrate above the third substrate and for i ng a third through hole
through the fourth substrate. [00141] According to one enbodi nent of
the present invention, formng the fourth substrate above the third

b hiCl h.
subet r o @UPGC] (AGRRd0E b Mhe) Bt bWEBAERLE i, 165 (P Ll
h
TACIC:)? drre o%l tohgd agtgev%{jgrgd]% E)nta?tv%aﬁtﬁ Os%?({engéglszganl?e\%ﬁ SG? qgas{ %(1)19 25?08(111 00]141%10

one fi rst em(a)t aI tl c i nterconnect, the at | east one second metalli c
i nt er conne Ect and the at |east one third netallic |nterconnect are the

same. 10 1 Agcor to one nbodi rent _of the present venti on,

f or m ng @ﬁ?ﬁsec ﬁcc?rcg PP%zf 9 *%ﬁ‘aﬁ‘”ﬁt‘%ﬂteﬂt &VE%}?Hegt Hi f epsk jone second
i ncl udes fo mn second eIectr cal |y .condu t|ve i nt erconnect
pillar s Pnl ‘%c?”r‘i‘ECts%@Bﬁﬂ“eeﬁsé}&et"rt "’tf‘%flqnéﬁ%ﬁ'ﬁf.? {SiiHEFCPRREE! connect
pillar itioned on the second suybstrate and extending fromthe
second S@Bgff"f at 2°CFfRg, OT%%‘“'%%*HB?M (RO BIGRFOh S1VEtegs Hieetubsiyate, prgpgement
cont act S%he fo éﬁpﬂ tﬁ%)s e 1001441 Accor di nﬁvto one enbodi nent of
the presirer Rgi ﬁtat%aerﬂt%et dheve the thrd, gubstrites thy oumk sybsirate
above the fourth substrate 1001451 According to one enbodi nent of

t he pr es‘@ﬁ?“?‘ﬁ%é#t‘fddhm“ﬂlb’flw 'ng the fifth substrate above the fourth
substrate includes formng the fifth substrate such that the fifth
subst r at @011 | nAesorting to wie rmbrdinteat pf e aissent dnventipn he fouds subsirate is
fourth netallic interconnect. [00146i According to one enbodi nent of
t he presstiongdy abpvieosnd it eortect| wigh; tthey ihird suhstrafe neie oat| feest j ane cthisd nneseliic
includes a solder material. [00147] According to one enbodi nent of

t he predggicomgpgent i on, the nethod further includes formng a third
electrically conductive interconnect pillar on the third substrate
and ext dA@IRY fAepordivgetotane eohbadipentraiitiee prégeoUighentinn théatrldast bmeofingtmétalfie
to electrically contact the fifth substrate. 1001481 According to one
enbodi nentercofinect dhep ateksanttong isecond ineetallict mtan¢angect laed flier gt least out thiahétyllic
conductive interconnect pillar includes formng the first

el ect ri dafefopnponate tteismme.i nt er connect pillar such that the first

el ectrically conductive interconnect pillar is arranged in contact

wi th t hd00Hi3i d Accostingnte oue anbofinfenh ofréliea blesant i intenticrgnthe cecond electrically

conductive interconnect pillar is positioned on the second substrate and extending from the
second substrate through the second through hole to electrically contact the fourth substrate.
[00104] According to one embodiment of the present invention, the substrate arrangement
further includes a fifth substrate positioned above the fourth substrate.

[00105] According to one embodiment of the present invention, the fifth substrate is
positioned above and in contact with the fourth substrate via at least one fourth metallic

interconnect.
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WO 2010/ 011177PCT/ SG2008/ 000268 [ 00149] According to one enbodi nent
of the present invention, formng the second electrically conductive

i nt er conne I i ncludes formng the second el ectri ¢%¢
conduct i ve&ibn’t%drﬂhgﬁﬁect pillar such that the second el eg %%@Pﬁf‘i?"m
conductive interconnect pillar is arranged in contact with the fourth

substrate via a sixth netallic interconnect. [00150] According to one
enbodi nent of the present invention, the fifth netallic interconnect

is the s S i tal.li,.c ipterconnect. [0015 Accordi ng.to
one. ooVt SHore §0 o sPiuoliusnl bE PR ittty oF G5 ba o
i nt erconnec

. includes.a,fourth.metalljc layer and a fifth nmetallic
| ayer . [ﬁﬁ?@ﬁfgﬁﬁ%%?%ﬂ%ﬁ“@%a8ﬂ$“§ﬁ%38rnent of the present invention
t he four tallic.layer is jn.contaci with the first electrical
conduct | DT ehsssiind 1o rd Frab e 3he Mett inveg oo S bem A REHen
of the present jnventjon, the fifth nmetallic layer_is in contact wth
the t i r ribgpucidssea %@1%%}11% ¥ GPRTHTHYS dnteRenettopillmBeRitioped (g the third
present invention, the fourth netal]ic layer includes a tin nmaterial
or a sol Ybstratraing sxignding fepre she third shbpiials thiough hechisd dirangh halg to glectrically
present invention, the fifth netallic |ayer includes a copper
mat er i al conpagidheBith beEreti ng t o one enmbodi nent of the present
invention, the nmethod further includes forming the fifth nmetallic,
layer tolOBWSIn desarding 19jqn embodimentoas tthey pecsenscisentiont Al ifisst electrically
interconnect via a first nmetallic connection g80157] According to one
enbodi meserdustive jgergmmaecs pellar fs/aranBeshin confectigitthibg tivd swhetratg vig laffdismetallic
form ng the second electrically conductive interconnect pillar to be

i N cont dgteroghnest.t he at | east second netallic interconnect via a

second netallic connection. WD 2010/011177PCT/ 8G008/ 000268
[00109] According to one embodiment of the present invention, the second electrically

conductive interconnect pillar is arranged in contact with the fourth substrate via a sixth metallic
interconnect.

[00110] According to one embodiment of the present invention, the fifth metallic interconnect
is the same as the sixth metallic interconnect.

[00111}] According to one embodiment of the present invention, the fifth metallic interconnect
includes a fourth metallic layer and a fifth metallic layer.

[00112] According to one embodiment of the present invention, the fourth metallic layer is in
contact with the first electrically conductive interconnect pillar.

[00113] According to one embodiment of the present invention, the fifth metallic layer is in
contact with the third substrate.

[00114] According to one embodiment of the present invention, the fourth metallic layer

includes a tin material or a solder material.
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[ 00158] According to one enbodi nent of the present invention, the
first netallic connection includes a copper material. [00159]

Accor di ng RAGgodi ment of the present invention, t /ﬁ%ﬁ@ﬂ%mms
metallic é%ﬁhec Ion includes a copper naterial. [00160]ﬂ§£cor Ing to

one enbodi ment of the present invention, the first electrically
conductive interconnect pillar includes a copper material or-a sol der
material. [00161] According to one enbodi nent of the present

. ti . el . _ L . . ‘
second QPR ARpHnE Sk ERoliheriP PO pitSea: IhERAARNEF o bkl bR
conducti% pneet. illar are the sane. [00162] According to one

BNt er
enbpdinen@u%gatﬁggbresen'.invention, the first substrate is a
001697 T o7 RERHRE M B APmal S s St MRV P Tt is n
first substrat the second sybstrate, the third. substrate and the
fourth st ks ACle R B Fepiiereratest Up AR Al CRBSU hent of
the pres invention, the fifth substrate is a semn conductor .
Substr ar GOLKThO T BRPE, 8 (o G HtsBHEL Chist PSR BTG DF ceumd elestrically
invention, formng the first fhrough hole and the second through hole
i ncl udeSCOPB?%%&t‘?fﬁ@ﬂﬁ?trpg‘ﬁartm%‘i?gﬁgw*% therd T?ﬂﬁteseg@@oﬁsfaﬁjiﬁ ARERGPAGEH e 2
such t hat %ﬂg fiﬁ;t t hrough hol e and the second through hole are

al i gned SFINgretelts ¢IBERLIRR axi s perpendicular to a plane of the first
substrate, %&0166] Accordi ng to one enbodi nent of thefpresent )

i nvent i df01I8h; i srgrdingtose sabodimeniRfithepreeeng Heyentios, theifiry mailliepmersioa
i ncludes form ng the second through hole and the third through hol e
such t hapclages asaprsagnateiflbugh hol e and the third through hole are
aligned along a different axis perpendicular to a plane of the first
subst r at 180119\ Aeropling 19 7aRCTRSEmeS/ 00 Grs rgsen 187 pntinec dhedisergnd omespltic
enbodi ment of the present invention, the first substrate, the second
subst r ateenngchen inkiugdes aepppermatasial.t he fourth substrate and the fifth

substrates are arranged parallel to each other.
[00120] According to one embodiment of the present invention, the first electrically

conductive interconnect pillar includes a copper material or a solder material.

[00121] According to one embodiment of the present invention, the first electrically
conductive interconnect pillar, the second electrically interconnect pillar and the third electrically
conductive interconnect pillar are the same.

[00122] According to one embodiment of the present invention, the first substrate is a
semiconductor substrate with an electrical circuit formed therein.

[00123] According to one embodiment of the present invention, the first substrate, the second
substrate, the third substrate and the fourth substrate are the same.

[00124] According to one embodiment of the present invention, the fifth substrate is a

semiconductor substrate.
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[ 00168] According to one enbodi nent of the present invention, the
met hod fin-ther includes formng the third electrically conductive

i nterconn zlmd/ to be in contact with the fifth S“bﬁéfrr%ézgoéfdoﬁﬁﬁ

seventh ne IC |nterconnect [ 00169] According to one I ment of
the present invention, the seventh netallic interconnect is the sane
as the fourth nmetallic interconnect. [00170) According to one

enbodi nent of the present invention the chip further includes a

CUbot ¢ neluBl2s)C ADLERAOBIRE b %guga;ﬁge fqgsgﬁbsv%nh@g&?en ] R otk 15 the

Phe oni geran henel REf R T L  Baird ke

a second 5%8$ace of the substrate. [001721 According to one
enbodi neft® the present invention, the first surface of the
second, surfac

substr at d opposi e tot

subst  at BO1bo hEP R G Aot AR TR & Si5pRb g hole and
i nventio e thro hole e nds h the fi sur f ce of t
subst r atil E}B’réttﬁ’é’“g}egggoﬁr% a2 1o &f[egea &tip afeen%imma Achn g
to one enpodi nent of the present |nvent|on t he t hrough hoIe i's
p05|t|oﬁ@3“ﬁﬂ?acent to the electrically conductlve i nt er connect
pillar and the first netallic interconnect. [00175] Accordi to one
embodi melf?123} tArsopskingstersne Fbedimpnof therpsesepi lb"epﬁ?ft’ﬁ‘%?rﬁrﬁtrﬁklpﬂﬂ%s thg second
second netallic interconnect positioned on the electrical

conduct i sybstrates tedlyrthwibstrasg, (thegfourth eubstres ankide fifth supstratep pre aeﬁ@ﬁfd ipagaHel to

of the present invention, the substrate is a sem conductor substrate.
VO 2010/®@d1aherPCT/ SG2008/ 000268 [00177] According to one enbodi ment
of the present invention, the electrically conductive interconnect
pi | lar df91@8Hs Accordinghéo fanesembndimens eofothet presentiiaventiors tha tirdi elestidaliy

at | east substantially perpendicular thereto in a tapered nanner.
conductive interconnect pillar is arranged in contact with the fifth substrate via a seventh metallic

interconnect.

[60129] According to one embodiment of the present invention, the seventh metallic
interconnect is the same as the fourth metallic interconnect.

[00130‘] According to one embodiment of the present invention, forming the second substrate
above the first substrate includes forming the second substrate such that the second su-bstrate isin
contact with the first substrate via at least one first metallic interconnect

[00131] According to one embodiment of the present invention, the at least one first metallic
interconnect includes a solder material.

[00132] According to one embodiment of the present invention, the at least one first metallic
interconnect includes a first metallic layer, a second metallic layer arranged on the first metallic

layer; and a third metallic layer arranged on the second metallic layer.
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[ 00178] According to one enbodi nent of the present invention, the

el ectrically conductive interconnect pillar includes a copper

mat eri al O%ﬁ]%?ﬁrj material . 1001791 According to on%%b%m@of
the present “invention, the first nmetallic interconnect 1 ncludes a

sol der material. 1001801 According to one enbodi nent of the present
invention, the first netallic interconnect includes a first netallic
| ayer, a second netallic |layer arranged on the first netallic |ayer;

and a t hjgogs3ret akddrding Y Une HriRAMHR: QP tﬁ@?re%&ﬁoiﬂgeﬁﬁﬁ,alhlsiiﬁﬁé ﬂ%fiﬂré: layer

[ 00181] According to one enbodi nent of thé present 1nvention,

first rreaelhhéscado?f/&mwﬁiMddes%m@nﬁ&@ﬁsr material . [00182] According to
one enbodi nent of the present i1 nvention, the second netallic |ayer

i ncl udes 41N i : ' . 3. Accor di ng ..t

one. enbod ety PR te e BmBiel FALE bl AR e RS e tever
i ncl udes; i der material. [00184J According to
one enboﬁ?ﬁ%%?ngéngﬁgﬁé#%%g%%nﬁﬁﬁgation, the second netallic

i nt er con in L naterial,., [00185 ccordi to ope
embodi e s T RectRfl & 39 SRR bf e BERR Ml e U BrBER e
i ncl udes; th netallic layer and a fifth netallic |ayer. [00186]
AccordiHﬁhﬁ%£§28m§%§%%F%%nt of the present invention, the fourth
netal lic r includes a ti teri or a sol der terial. WO . .
D010/ 0110V ARG B B BBiEY o the Bisoi Aot o e G NE DS in
t he preseg&dh%ﬁgggkggémégﬁefifth metallic | ayer includes a copper

. cO
mat eri al

[00137]  According to one embodiment of the present invention, the third metallic layer is in
contact with second substrate.

[00138]  According to one embodiment of the present invention, forming the third substrate
above the second substrate includes forming the third substrate such that the third substrate is in
contact with second substrate via at least one second metallic interconnect.

[00139] According to one embodiment of the present invention, the at least one second
metallic interconnect is the same as the at least one first metallic interconnect.

[00140] According to one embodiment of the present invention, the method includes forming
a fourth substrate above the third substrate and forming a third through hole through the fourth
substrate.

[00141]  According to one embodiment of the present invention, forming the fourth substrate
above the third substrate includes forming the fourth substrate such that the fourth substrate is in

contact with the third substrate via at least one third metallic interconnect.
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[ 00188] According to one enbodi nent of the present invention, the

met hod further includes formng a first netallic interconnect on the
first surface of the substrate, the first netallic interconnect being
posi ti onedWARH¥UA77t 0 the el ectrically conductive i nt ePebpFi984/000268
pillar. [00189] According to one enbodi nent of the present invention,
the nethod further includes formng a first netallic interconnect on
a second surface of the substrate [00190] According to one enbodi nent
of the present invention, the first surface of the substrate is ]
ar r angedi®8H3dsi fecording ipeongcamppdiment 9ftbepissent inaeniipnsthe at lsast ppofigy metallic
According to one enbodi ment of the present invention, formng the

t hr ough Hisreenngsh bt at lvast g seeond angtalli¢ indersonest rAnd ghe hleleadh ope ditirdhoktellic
through the first surface of the substrate through to the second

sur f ace ipferqopeect@pthersame. [ 00192] According to one enbodi nent of the
present invention, the nethod further includes form ng the though

hol e sucl§0143ht Atrordihg dagbneheinbodigeptost ttho pectertdjirveminvn, tfornihg the second
el ectrically conductive interconnect pillar and the first netallic

i nt er coneletricallj @EABBliveAmtnraineny piltar dnvédudesrifmohinpetht sedond lekecpicealse ndnductive
invention, the nmethod further includes formng a second netallic

i nt er conineecdonmat pitler gich alhat itteadebgndcaevthiratly venduciveriawitnatect pillhd i positioned
[ 00194] According to one enbodi nent of the present invention, the
subst r at @ ths sseoskdibstatdaidteatendinp fomahesecdrihBinateA® 0gitlihe gecord hidigh hole
enbodi nent of the present invention, formng the electrically

conduct i tg@lecticsilycnneche fiukth atibstrite] udes formng the electrically
conductive interconnect pillar such that the electrically conductive
i nt er conoers4] pi AbcdidiSxtohd embb@iMeht T thd prédentiitdntios, tBE mbiMed Siehdby Rhfing
in a direction at |east substantially perpendicular thereto in a

t aper ed EEH&bstratdBo2d R/ hlsd#fdakl SG2008/ 000268 [ 00196] According to
one enbodi nent of the present invention, the electrically conductive

i Nt er conerss] Pi AtRrding & SHEsmBbIFANRRF tH¥Brechitinv@ltiod, HRhEAEthdBHE shiitrate
[ 00197] According to one enbodi nent of the present i1nvention, the
first mefsld ihe huteibaRRemtuifCloHARs uf S0 dBkrdBLRR ItRd: the fifth substrate is in
contact with the fourth substrate via at least one fourth metallic interconnect,
[00146] According to one embodiment of the present invention, the at least one fourth
metallic interconnect includes a solder material.
[00147] According to one embodiment of the present invention, the method further includes
forming a third electrically conductive interconnect pillar on the third substrate and extending
from the third substrate through the third through hole to electrically contact the fifth substrate.
[00148] According to one embodiment of the present invention, forming the first electrically
conductive interconnect pillar includes forming the first electrically conductive interconnect

pillar such that the first electrically conductive interconnect pillar is arranged in contact with the

third substrate via a fifth metallic interconnect.
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[ 00198] According to one enbodi nent of the present invention, the
first nmetallic interconnect includes a first netallic |ayer, a second

I1ic | d he fi I1ic | ; '
metal lic | gyel A5y pr9ed on the first netallic layer a[‘g(a'@§g{bb§lﬁlaozss

metal lic | ayer arranged on the second netallic |ayer.

According to one enbodi mrent of the present invention, the first
metallic |ayer includes a copper material. [00200] According to one
enbodi nent of the present invention, the second netallic |ayer

i ncl udes I n terial _or a solder material. [0020 Accor.di to
one errbo@?#iedllnt lg?mfch%g 6?e(§r§n€nﬁg?1qd}glﬁ?ti 8%1,&"? rPéeSF%H‘i e ?affﬁﬁ%m% &Y% second
I ncl udes .a_ copper erial or | der. eri,al . [002Q2] Accordi to
one. oot opnd Rl iniseelied? 0 s e i rGeond chaeiony condedve
i nt erconnect i ncl udes sol.der terial 0Q203] .According. to one .
embodi meersneeh Rilar ik AT e, seea Slremely et HTSTIP P G R
includes fourth netallic layer and a fifth metallic |ayer. [00204]
Accor di nfPHast ¥ m@ﬁ%ﬁt&isw%dfaﬁﬂ@hﬁ}e@wtef%ﬁi on, the fourth
metallic |layer includes a tin material or a solder material. [00205]
Accor di n§013 ondccortigiionss embedimprt of thequesent; ipveatien. dhe, fiffactpliie ygerconnect
metallic | ayer includes a copper material. [00206] While the

i nvent i o thisamp acthe pitymetelligpgrcapresin and described with reference to

speci fic enbodinents, it should be understood by those skilled in the
art t hat 0B oudccerhirgopn gmbyimeg v e prasemporntog dedifdboosdlc interconnect

includes a fourth metallic layer and a fifth metallic layer.

[00152] According to one embodiment of the present invention, the fourth metallic layer is in
contact with the first electrically conductive interconnect pillar.

[00153] According to one embodiment of the present invention, the fifth metallic layer is in
contact with the third substrate.

[00154] According to one embodiment of the present invention, the fourth metallic layer
includes a tin material or a solder material.

[00155] According to one embodiment of the present invention, the fifth metallic layer
includes a copper material.

[00156] According to one embodiment of the present invention, the method further includes
forming the fifth metallic layer to be in contact with the at least one second metallic interconnect
via a first metallic connection

[00157] According to one embodiment of the present invention, the method further includes
forming the second electrically conductive interconnect pillar to be in contact with the at least

second metallic interconnect via a second metallic connection.
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formand detail may be nmade therein wi thout departing fromthe spirit
and scope of the invention as defined by the appended clains. The
scope of taﬁv%gMﬁﬁ}%on I's thus indicated by the appendegcﬁ%éi /mﬁﬂg
al I changes Ich " come within the neaning and range of equivalency of
the clains are therefore intended to be enbraced. - Clains Wat is
clained is; 1. A substrate arrangenent conprising : a first
substrate; a second substrate positioned above the rust substrate,

h b _ | Sing: . f i hrouah hol & a thi i
Lhe SeComiimPShLak g AITBJ Slldichhol be AL b ERIMNAGL Fie Rt Lkl sommgton

substr at i t1 oned e second”s
conprisiﬁ%ues%gcond through hole; a first electrically conductive

I nt erconnec pf?P ?1%%ﬁﬂa'ioned on the first substrate and extending

fromthe,first substrate through,the first through hole to .
el ectri c@H{ﬁ co‘af%% Mg P Fﬁl%g‘b‘%?tr St ne Atgpent g’B’EB‘fﬂﬂ" e‘f"%csf?"l“éa{“ﬁ?lhc
conducti ve intercEBnect illar.positioned on the second substrate and

ext endi nFPPFERT TEOELLEWECIBL A at e t hrough the second through hol e.

2. The s ate arrangenment of c¢laim ], wherein the, second substrate
i s posi tfdgfﬁé'ﬁi a‘g?ﬁ?é‘h%d"i ?P%Sﬁ%‘é‘g?‘e’% P% the, resepts fnventingy thy dirgf glegiyically
| east one first nmetallic_jnterconnect. 3. The substrate arrangenent

of cl ai nfepdugiiye ptsrepnnpe piliar Inglydes afemperimatgriahenagoldermatgtidy connect

i ncl udes_a_ sol der naterial, ) ) )
[00161] According to one embodiment of the present invention, the first electrically

conductive interconnect pillar, the second electrically interconnect pillar and the third electrically
conductive interconnect pillar are the same,

. [00162] According to one embodiment of the present invention, the first substrate is a
semiconductor substrate with an electrical circuit formed therein.
[00163] According to one embodiment of the present invention, the first substrate, the second
substrate, the third substrate and the fourth substrate are the same.
[00164]) According to one embodiment of the present invention, the fifth substrate is\ a
semiconductor substrate.
[00165] According to one embodiment of the present invention, forming the first through hole
and the second through hole includes forming the first through hole and the second through hole
such that the first through hole and the second through hole are aligned along a different axis
perpendicular to a plane of the first substrate.
[00166] According to one embodiment of the present invention, forming the second through
hole and the third through hole includes forming the second through hole and the third through
hole such that the second through hole and the third through hole are aligned along a different

axis perpendicular to a plane of the first substrate.
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4. The substrate arrangenent of claim2, wherein the at | east one
first netallic interconnect includes 42 Anended Sheet EPEA/ AU a fast

nmetallic '%Mﬁ%nmﬁ1§ﬁcond netallic |ayer arranged on the ﬁhﬁé&mwm)mw
nmetallic layer; and a third nmetallic |ayer arranged on F e Sec

netallic layer. 5. The substrate arrangenent of claim4, wherein the
first netallic layer includes a copper material or a solder material.
6. The substrate arrangenent of claim4 or 5, wherein the second

oot ot R WGk HED, dhelcefbol IR di3he Blendi @%ﬂ@h :gger e%ﬁs?eﬁg the Wond

substr at angenent - of any one O

metallic C r

ar r ange n%urila%ﬁ% tllientﬁxrhlgﬁ) tr%\ tﬁg St hgalgs%‘ aneﬁéc féfi.rl-hsupﬁ IaF ?rraﬁ%?daqamllgl to
| ayer is IF g@ntact mnth the first substrate. 9. The substrate
arrangen% any one of clains 4 to 8 wherein the third netallic

layer | s[dO?Géionkg&trduvlwg ohonseegm 0 11’!?8%?% the present invention, the method further includes

forming the third electrically conductive interconnect pillar to be in contact with the fifth
substrate via a seventh metallic interconnect.

{00169] According to one embodiment of the present invention, the seventh metallic
interconnect is the same as the fourth metallic interconnect.

[00170] According to one embodiment of the present invention, the chip further includes a
first metallic interconnect positioned on the first surface of the substrate, adjacent to the
electrically conductive interconnect pillar.

[00171] According to one embodiment of the present invention, the chip further includes a
first metallic interconnect positioned on a second surface of the substrate.

[00172] According to-one embodiment of the present invention, the first surface of the
substrate is arranged opposite to the second surface of the substrate.

[00173] According to one embodiment of the present invention, the through hole extends
through the first surface of the substrate to the second surface of the substrate.

[00174] According to one embodiment of the present invention, the through hole is positioned

adjacent to the electrically conductive interconnect pillar and the first metallic interconnect.

[00175] According to one embodiment of the present invention, the chip further includes a

second metallic interconnect positioned on the electrically conductive interconnect pillar.

[00176] According to one embodiment of the present invention, the substrate is a
]

semiconductor subsirate.
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10. The substrate arrangenent of any one of clains 1 to 9, wherein
the third substrate is positioned above and in contact with second
substrate yj t |l east one second netallic interconnect ,ﬁé &?e
substrate ﬁ&ﬁ@ﬁ&gﬁgﬁt of claim 10, wherein the at | east POHECX WS
nmetallic interconnect is the sane as the at |east one first netallic

interconnect. 12. The substrate arrangenent of any one of clains 1 to
11, further conprising a fourth substrate positioned above the third

substr at e fourth substrate.comti,sing a third thro . hole. 43,
Arendeq GRLE© pPFe RoR RS GimOTBE R Bl intbisite! B Hflens Snaiclive
wherein the fourth substrate i sitioned above .and in contact wth
the i GBSt el VPRl fouh i e o frdbes FHSt s difie & e
The substrate grrangepment of claim13 wherein the at |east one first
netal | i cs“F’SF'T'@‘Ia@%ﬁﬂB lcufan therefo in @ danered JaAnB& ond netal |i ¢ i nt er connect
and the ab | east ong third netallic interconnect are the sanme. 15.
The subsPPLBE aifR preoFmbadimesh ot Hie RIpssptinvensiopgthe glecificalbesqndugiive
second el ectrically conductive interconnect pillar is positioned on
the secdRigresnpsst pillardnelpdes @ cerpsermarislosaselde matenshd substrat e t hrough
the second through hole to electrically contact the fourth substrate.
16. The 808 r dAecordingiogopembodiment|of the presentrinyantiet. theolirpt mesplle inter¢aneds
substrate positioned above the fourth substrate. 17. The substrate

ar r angerigfindesp selder matemrl. wherein the fifth substrate is positioned

above and in contact with the fourth substrate via at |east one
fourth niB88180] | cA¢oardingigremeembodiment of the present invention, the first metailic interconnect

includes a first metallic layer, a second metallic layer arranged on the first metallic layer; and a
third metallic layer arranged on the second metallic layer.

[00181] According to one embodiment .of the present invention, the first metallic layer
includes a copper material.

[00182] According to one embodiment of the present invention, the second metallic layer
includes a tin material or a solder material.

[00183] According to one embodiment of the present invention, the third metallic layer
includes a copper material or a solder material.

[00184] According to one embodiment of the present invention, the second metallic
interconnect includes a solder material.

[00185] According to one embodiment of the present invention, the second metallic
interconnect includes fourth metallic layer and a fifth metallic layer.

[00186] According to one embodiment of the present invention, the fourth metallic layer

includes a tin material or a solder material.
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18. The substrate arrangenent of claim 17, wherein the at |east one
fourth netallic interconnect includes a solder material. 19. The
substrate t of any one of clains 16 to 18, fu
conprisingag;?ﬁggl el ectrically conductive interconnect{,%?ﬁ;g)rwmm268
positioned on the third substrate and extending fromthe third
substrate through the third through hole to electrically contact the
fifth substrate. 20. The substrate arrangenent of any one of clains 1

to 19, rein | e i.cal nductive interco ct pillar
o arranBOiy Alrdihe 9ok SitcEfinl Yr DR dSlb B el Bler
I nt erconn Clies A4 ATen ed, Sheet | PEA/AU 21. The substrate arrangenent
of any oné of “crafge e?a{'o 20, wherein the second electrically

conduct i |t er.connec illar .is arranged in contact with the fourth
subst r at LU GASRRPRE hhotn quibociniiol pE i Hercrnt Tontiomndhectipibod byther inchdes
arrangengnt, of claim?21, wherein the fifth petalljc interconnect is_,
e o amelomaing o B e EPEPIRert: o ool Srtocs 3 TSl ALt meallc
arrangengnt of one _of clainms 20 to 22, wherein the fifth_metallic
i nter con‘H?&ctonP‘?‘ng sitiongg] adhggentde theielegtrealyaiondysiiveinterqonpectpillar. | j ¢

| ayer. 24. The subsfrate arrangenent of claim 23, wherein the fourth
met al | i clOPI8PE, fecording topusambrpinent pkthe ipregent dnvsption, thel methed Riether inglades
i nterconpect pillar. 25. The substrate arrag&enent of claim 23 or 24,
wher ei n {opaing afirsh metallig intepcoppggbon 3 second suppred thevitbsiratene t hi r d

substrate. ) . ) )
[00196] According to one embodiment of the present invention, the first surface of the

substrate is arranged opposite to the second surface of the substrate.

[00191]  According to one embodiment of the present invention, forming the through hole
through the substrate includes forming the through hole through the first surface of the substrate
through to the second surface of the substrate.

[00192] According to one embodiment of the present invention, the method further includes
forming the .through hole such that the through hole is positioned adjacent to the electrically
conductive interconnect pillar and the first metallic interconnect.

[00193] According to one embodiment of the present invention, the method further includes
forming a second metallic interconnect on the electrically conductive interconnect pillar.

[00194] According to one embodiment of the present invention, the substrate is a
semiconductor substrate.

[00195] According to one embodiment of the present invention, forming the electrically
conductive interconnect pillar includes forming the electrically conductive interconnect pillar
such that the eiectricall& conductive interconnect pillar extends from the first surface of the

substrate in a direction at least substantially perpendicular thereto in a tapered manner.
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26. The substrate arrangenent of any one of clains 23 to 25, wherein

the fourthywpiabbiig7 ayer includes a tin material or 515}31%2008,000268
material . 27. The substrate arrangenent of any one of clainms 23t

26, wherein the fifth nmetallic layer includes a copper nmaterial. 28-.
The substrate arrangenent of any one of clainms 23 to 27, wherein the
fifth metallic layer is in contact wth the at | east one second

metal | i C rc ' .
subot  at AT, nBEEERs {) a0 ebl@nolFL O pheE AR e Seatiifly sonducive
second e ct Intereon Is in contact with
t he at Iélgeg{orn}sl%?gh%rﬁl%g% doié ‘hrtneaﬁ%c?ﬁﬁle% §] englf'-i\cond metallic
connecti 5 Ane ed She t The substrat

of cl ai ég -ﬁ Corgl ct%bé) dWePéfL’thH%P%ﬁs?qtém@Bh%&el Bt n?ﬁlf’j\r‘]%ﬂ&coamct
copper r| al 1. Th subst rate arrangenent of claim29 or 30,

wher ei n ‘L“ﬁ d?@@S TWG'FH ftic connection includes a copper material.

32. The e ngene f any ,one of clains 1 to 31, wherein
the fi rsﬁﬁgfs@ ?‘Fe’é lP%t%%m(f&@’PﬁwnF ?ﬁtg? BESATIE dnveption, Hhe firvl anetalléssinggrconnect
copper nmterial or a solder material. 33. The substrate arrangenent
of any oteluges afirst metalig laysr, apsecqpdapetallic dayer airanged on the first metallic layer; and a

third metallic layer arranged on the second metallic layer.

[00199] According to one embodiment of the present invention, the first metallic layer
includes a copper material.

[00200] According to one embodiment of the present invention, the second metallic layer
includes a tin material or a solder material.

{00201} According to one embodiment of the present invention, the third metallic ldyer
includes a copper material or a solder material.

[00202]) According to one embodiment of the present invention, the second metallic
interconnect includes a solder material.

[00203] According to one embodiment of the present invention, the second metallic
interconnect includes fourth metallic layer and a fifth metallic layer.

[00204] According to one embodiment of the present invention, the fourth metallic layer
includes a tin material or a solder material.

[00205] According to one embodiment of the present invention, the fifth metallic layer
includes a copper material.

[00206]) While the invention has been particularly shown and described with reference to

specific embodiments, it should be understood by those skilled in the ari that various changes in
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el ectrically conductive interconnect pillar, the second electrically
intercoan@b ilu§&7and the third electrically conductive

i nt erconne lﬁwq are the same. 34. The substrate arr Ah§SFEWFOYRS
any one of claims 1 to 33, wherein the first substrate is a

sem conductor substrate with an electrical circuit forned therein.

35. The substrate arrangenent of any one of clainms 12 to 34, wherein
the firs suﬁﬁé%agg, g?e $e ond substrate, the third substrate and |
the fourfonn anhatabmay by madefhereinputhonpdeparing Sigpsthe spidt apdsgopgafEietinysption
any one of clainms 16 to_ 35, wherein the fifth substrate is a

sem conddeBreddyihs appeadedyiaimyihessgopet of fhecinygntign iscthisindigpted hy thesppended
clains 1 to 36, wherein the first through hole and the second through
hol e ar elaimp greell ahapaes whigh ceme avithingthe snegring endiiang¢ of equivalenpy ehtbe olaims
the first substrate. 46 Amended Sheet DPEAJAU 38. The substrate

ar r angerashthexsforgiinjendedbtodie eptbzdced 12 to 37, wherein the second through
hol e and the third through hole are aligned along a different axis
perpendicular to a plane of the first substrate. 39. The substrate
arrangenment of any one of clains 16 to 38, wherein the first
substrate, the second substrate, the third substrate, the fourth
substrate and the fifth substrates are arranged parallel to each

ot her. 40. The substrate arrangenent of any one of clainms 19 to 39,
wherein the third electrically conductive interconnect pillar is
arranged in contact with the fifth substrate via a seventh netallic

i nt er connect .
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- PCT/SG2008/000268
41. The substrate arrangenent of claim 40, wherein the seventReceived 30 April 2009
metallic interconnect is the same as the fourth netallic

dnterconnect. 42. A nethod of manufacturing a substrate

arrangenent conprising : fanning a second substrat-e above a first

substrate; formng a first through hole through the second substrate;

formng a third substrate above the second substrate; formng a

second through hole through the thirdusisastrate; formng a first

el ectrically conductive interconnect pillar on the first substrate,

the first electrically conductive interconnect pillar extending from

the first substrate through the first through hole to electrically

contact the WhatisFladmekr ate; and fornming a second electrically

conductive interconnect pillar on the second substrate, the second

el ectrically conducksirae atritigemetosggisingi:| | ar extending fromthe second
substrate through the second through hole. 47 Anended Sheet | PEA/ AU

43. The nethod of claim42, wherein formng the second substrate

above the fiafstt sshabygter at e i ncl udes formng the second substrate such

that the second substrate is in contact with the first substrate via

at least one first netallic interconnect
a second substraté positioned above the first substrate, the second substrats comprising a

first through hole;

{ a.third substrate positioned zbove the second substrate, the third substrate comprising a
second through hole;

a first electrically conductive interconnect pillar positioned on the first substrate and

extending from the frst substrate through the first through hole to electrically contact the
third substrate; and

a second electrically conductive interconnect pillar positioned on the second substrate

and extending from the second substrate through the second through hole.

2. The substrate arrangement of claim 1, wherein the second substrate is positioned
above and in contact with the first substrate via at least oné first metallic

interconnect,

3. The substrate arrangement of claim 2, wherein the at least one first metallic

intercontinest includes a solder material,

4, The substrate arrangement of ¢laim 2, wherein the at least one first metallic

mterconnect inchides
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: - _ _ _ PCT/SG2008/000268
44. The nethod of claim 43, wherein the at |east one first rreR@éel“;egg,oAprﬂ 2009
I nterconnect includes a solder material. 45. The nethod of claim43
wherein the at |east one first netallic interconnect includes a fi rst
nmetallic layer, a second netallic |layer arranged on the first N
netallic layer; and a third nmetallic |ayer arranged on the second
nmetallic |ayer. 46. The nethod of claim45, wherein the first :
netallic | ayer Jf‘lgﬁlnut S 1R cOPPEr material or a solder nmaterial. 47.

The nethod of & or 46, wherein the second netallic | ayer
i ncludes a ti nam@refrmatlh@lﬂytaasm:lgd@ontﬂmﬁe:tma:huxcxb&er ddde net hod of any

one of claims 4Af;h%flic 1%?&}?3%:%@‘%11&43&0&9&2% % Jog laver includes a

copper materia 49, T any one o alms 45 to 48,
wherein the first metallic | ayer is in contact W|th the first

substrate. 50.5 Thge ABbRchrAheddt: RRGiPH, ek 1 g1 the
third netallic layer is in ont act wft sgcoﬂg t?at ély%&%epa
Sheet | PEA/ AU cOpper material orasoldermatenal

6, The substrate arrangement of claim 4 or 5, wherein the second metallic layer

includes a tin material or a solder material,

7. The substrate arrangement of any one of claims 4 to 6, wherein the third metallic

o layer includes a copper material,

8, The substrate arrangement of any one of claims 4 to 7, wherein the first metallic

layer is in contact with the first substrate,

9. The substrate arrangement of any one of claims 4 to 8, wherein the third metallic

layer is in contact with second substrate,

10. The substrate arrangement of any one of claims 1 to 9, wherein the third substrate
is positioned above and in contact with second substrate via at least one second

matallic interconnect.

11. The substrate arrangement of claim 10, wheréin the at least one second metallic

interconnect is the same as the at least one first metallic interconnect.
12. The substrate arrangement of any onc of claims 1 to 11, further comprising a

fourth substrate positioned above the third substrate, the fourth substrate
comprising a third through hole,
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51. The nethod of any one of clains 42 to 50, wherein form ngﬁgilcﬁﬁdr%)Aprﬂ 2033

third substrate above the second substrate includes formng t
substrate such that the third substrate is in contact with second
sSubstrate via at | east one second netallic interconnect. 52. The
nmet hod of claimb51, wherein the at | east one second netallic
interconnect is the sane as the at Ieast one first netallic

i nt er connect on of. cl furth
conpri si ng for%&% a%?%é{}%g%c m?b (\)V\!}gre%nheemtf%ﬁ'ﬁ} d‘ggﬁg‘@ﬂ’%ﬂt@“

forming a third tﬂmvealgihmhmtectwﬁhmgfhrdtméuﬁmumahlcmbmmﬁd metalié. The
met hod of claim p3...whgrein fanning the fourth substrate above the

third substrate |ncf es forming the fourth substrate such that the
fourth substrate is in contact with the third substrate via at | east

one third netajy irge é@gt%&ma;e%ntéérauﬁr e wiBkAQL aQIeas%ﬁé fFspfempper ein

the at least one first netallic interconnect, the at | east one second

metal |ic intercorifaeannsghdbea leasi ong ssspod mefllicinpicepnggsand thi at least one

i nterconnect ar egdiddenckAFEintcRbnnedthe: tiedabed of any one of clains 53 to
55, wherein form ng the second electrically conductive interconnect

pillar includes formng the second electrically conductive
i nt erconnect pisl Thy substeae zlrdaagerriem:?smadfc&&@euztoqal %b{erﬁﬂﬂﬁu%h&e

i nt erconnect pil Ny on secon ub trate a
ext endi ng from t%g&géea? dﬂ% g%}h’gp‘ (r?% Om?%?lﬁar Iﬁpqsh o d”’?%déﬁ?jﬁmﬁol e
to electrically murxtenéing fremflgsedond wysiterf.htoegh tﬁ?seed’ﬁd&hnmlfmﬁh of claim
$6, further Conpélia&ﬁ&ﬂgc&{tm{ﬁgfﬁrtflklibrslli]atélJbStrate above the fourth

P

substrate. 49 Amended Sheet
16. The substrate arrangement of claim 15, further comprising = fifth substrate
positioned above the fourth substrate.

17. The substrate arrangement of claim 16, wherein the fifth substrate is positioned
above and in contact with the fourth substrate via at least ane fourth metallic

interconnect.

18, The substrate arrangement of claim 17, wherein the at least one fourth metallic

interconncet includes a solder mmaterial.

19. The substrate arrangement of any one of claims 16 to 18, further comprising a
third electrically conductive interconnect pillar positioned on the third substrate
and extending from the third substrate through the third through hole to
electrically contact the fifth substrate,

20. The substrate arrangement of any one of claims 1 to 19, wherein the first

clectrically conductive interconnect pillar is arranged in contact with the third

substrate via a fifth metallic interconnect.
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58. The nethod of claim57, wherein formng the fifth substra%g‘ie S\%Aprﬂﬂgﬁgg
c

the fourth substrate includes fanning the fifth substrate su

the fifth substrate is in contact wwth the fourth substrate via at

| east one fourth nmetallic interconnect. 59. The nethod of claim 58,
wherein the at | east one fourth nmetallic interconnect includes a
sol der material. 60. The nethod of any one of clainms 57 to 59,
further conprising formng a third electrically conductive

i nterconnect pillar on the third substrate and extending fromthe
third substrate through the third through hole to electrically
contact the fi 1%’[’ strate. 61. The net hgd of _any one of clains 42
to 60, wherei R R A e S VR T 1?:%%‘:1&’??"9‘&“‘?%@“@0nnect
pil lar includes éle:rtmaﬁig chlectivie Mémﬁheﬁpﬂimahﬂ%gmﬂdmi&w&hm fourth

i nterconnect pil] rst el ectrically conductive

i nt er connect pi If"asml %VI%FF%%@%%B lmrfnegzﬂ?lggt with the third substrate
via a fifth metallic interconnect. 62. The rrethod of any one of

er connect. gt TARRRERD SRR & B PR BUESIHL AR ufippanal Ve

i nt erconnect pi f inclu or m ng second rirca
conductive int er@ewﬂmﬁmﬂwc@mwmﬁmm he second electrically
conductive interconnect pillar is arranged in contact with the fourth

substrate via a sixth nmetallic interconnect. 63. The nethod of claim
62, wherein t He: PRphsmaisemprgerentof B oA AEaims 30 torfe. whasein #he fifthe si xt h

met al | i ¢ i nt er conaalit intéréonnddd @iciBEshTBUrAf madll: QAR o o SftemPBIRlayb0 63,
erein the fifth netallic interconnect includes a fourth netallic

layer and a fifth nmetallic layer. 65. The nethod of claim 64, wherein
t he fourth net2dl Theoubsaperragemant ©dcibianca3, whérbin tHedofrihmsdtalBd Bodris igal | y

conducti ve intergonp&Gn Bl hlsAliecornATRRARME RREShLHEAIAV

25. The substrate arrangement of claim 23 or 24, wherein the fifth metallic layer is in

contact with the third substyate.

26. The substrate arrangement of any one of claims 23 to 25, wherein the fourth

metallic layer includes a tin material or a solder material.

27, The substrate arrangement of any one of claims 23 to 26, wherein the fifth

metallic layer includes a copper material.

28. The substrate arrangement of any one of claims 23 to 27, wherein the fifth
metallic layer is in contact with the at least one second metallic interconnect via a
first metallic connection

29. The substrate arrangement of any onc of claims 10 to 28, wherein the second

clectrically conductive interconnect pillar is in contact with the at least second

netallic interconuect via a second metallic connection.
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66. The nmethod of claim64 or 65, wherein the fifth netallic k@icigsl%g{ggo%gg

in contact wwth the third substrate. 67. The nethod of any one 0
clains 64 to 66, wherein the fourth netallic layer includes a tin
material or a solder material. 68. The method of any one of clains 64
to 67, wherein the fifth metallic |ayer includes a copper naterial.
69. The nethod of any one of clains 64 to 68, further conprising
formng the fifth nmetallic layer to be in contact with the at | east
one second netallic interconnect via a first netallic connection 70.
The nethod of 3nThendstafe tiaagarmnat clan 60or DopkkDan the TR MeBlRGofREMINT
t he second electuif%lhy condu§tive interconnect pillar to be in
contact with the StOPEEPPEEREHY netal lic interconnect via a second
nmetallic connection. 71. The nethod of claim®69 or 70, wherein the

first metallicyC ' ' e . r terial . 72. The met hod
of "ol aim 70 or 7 THE SR REMART Rt SRR, REH LR ool Sl (o a
copper materi al . c@Bectiphénclpdesronpd makgislone of clains 42 to 72,
wherein the first electrically conductive interconnect pillar

i ncludes a cogfer material or a solder material. 74. The nethod of
any one of cl alsEhepbetstepgranggenial ant ¢ne of ¢lpines 186 2k vhisimlthafisonduct i ve

i nterconnect pil Ligémicalip @@ shi@b@aidt hBal ihofudehh _@JP?QHHQ&'}GI Dﬂhd doftfer 2Nd
the third electrically conductive interconnect pillTar are the sane.

51 Amended Sheet MFBEHR]AU

{ _ 33, The substrate arrangement of any one of claims 19 to 32, wherein the first
electrically conductive interconnect pillar, the second electrically interconmect

pillar and the third electrically conductive interconnect pillar are the same.

34. The substrate arrangeinent of any one of claims 1 to 33, wherein the first substrate

is a semiconductor substrate with an electrical circuit formed therein,

35. The substrate arrangement of any one of claims 12 to 34, wherein the first
substrate, the second substrate, the third substrate and the fourth substrate are the

same.

36, The substrate arrangement of any one of claims 16 to 35, wherein the fifth
substrate is a semiconductor substrate.

37. The substrate arrangement of any one of ¢laims 1 to 36, wherein the first through

hole and the second through hole are aligned along a different axis perpendicular

to a plane of the first substrate,
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75. The nethod of any one of clains 42 to 74, wherein the fi rgtﬁP('STiiS?(’}(?gOS/'{iogﬁgg
substrate is a seniconductor substrate with an electrical circdfe e prt
formed therein. 76. The nethod of any one of clains 53 to 75, wherein

the first substrate, the second substrate, the third substrate and

the fourth substrate are the sane. 77. The nethod of any one of

claims 57 to 76, wherein the fifth substrate is a sem conduct or

substrate. 78. The nethod of any one of clains 42 to 77, wherein

formng the fitsthe HPeupTrieicEea 2macofeaimg 12 ruyhertio s seevatiudes

form ng the firstrddghasiebndial eanammtgbﬁoré%ﬁcm%caQrogygaxfﬂa%@aﬁych t hat
the first through hole and t ﬁgofnﬁ%} rou hol e are ali1gned al ong

a different axi sPPREPEHET QP h%"a@f the first substrate. 79.
The net hod of any one of clainms 53 to 78, wherein form ng the second

t hrough hol e and..fhe third throug hole cIu s formng the second
t hrough hol e ?%d’ 'E é‘bstt"f# SR SR a’ﬁ’oﬁ“@“ (t?%?t 38; YierelB WSt hr ough
hol e and t he t hi substran, dmgbnoh«bhﬁsmeethalth@irseﬁktradcangfoarﬁdkdbfstﬁtemd S

per pendi cul ar to strate. 80. The net hod of
any one of cl ai rr% %b?ﬁ%ﬁie%@ 5&?1 ?al tSt*substrate, the second
substrate, the third substrate, the fourth substrate and the fifth

substrat o5 a1 Goath MRk AR Abel o GuaEhr QLABTo ). TAG, FROAH ©F any

one of clainms 60 to , risin ormn
electrically conﬂﬁﬁ&’ﬁanécqﬂﬁt‘%WElﬂ‘ﬁﬁ‘é’é’ﬁmbi’lﬂ?fa? ar{aegqéen pemtasowitlate Bfht h t he

fifth substrate sbsat S2¥eRbdh AMBLRL bdtGcdnitgr connect . 82. The net hod
¢f claim81, wherein the seventh netallic interconnect is the sane as

the fourth nmetallic interconnect. 83. A substrate arrangenent
conprising : 52. BesabkedteShegfment of claim 40, wherein the seventh metallic interconnect

is the sarne as the fourth metallic interconnect.

42, A method of manufacturing a substrate arrangement comprising
forming a second substrate above a first substrate;
forming a first through hole through the second substrate;
forming a third substrate above the second substrate;
forming a second through hel&. through the third substrate;
forming a first electrically conductive interconnect pillar on the first substrate, the first
electrically conductive interconnect pillar extending from the first substrate through the
first through hole to electrically contact the third substrate; and.
forming a second electrically conductive interconnect pillar on the second substrate, the

second electrically conductive interconnect pillar extending from the second substrate
through the second through hole.
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LPEAJAU a first substrate; a second substrate positioned abng%&pe% 30 Aprg(}%gg
g

first substrate, the second substrate conprising a first throu

hole;. a third substrate positioned above the second substrate, the

. third substrate conprising a second through hole; a first

el ectrically conductive interconnect pillar positioned on the first
substrate and extending fromthe first substrate through the first
through hole to electrically contact the third substrate; a second

el ectrically conductive interconnect pillar positioned on the second
SEbStrﬁtﬁ ?nd ﬁ%ﬂaedkﬂgﬁﬁf?£MRM§wﬁﬁa@ﬂﬁmﬁgFﬁk&ﬁh@mﬁgﬁgygﬁw%mgﬁﬁ@coRd
t hr oug ol e; erein t ifst, throu ol e an e second t hroug
hol e are aligned S‘étfskfﬁtal ﬁ"&ﬁ#@‘% &5 r@%ﬁ%@ﬁ‘dﬁ%éﬂ*ﬁ?‘ SeRpng subpARIS &
the first substr abmact84th thk fchisybstaeps keenponedira uhallicdherchb@iéting an
electrical circuit forned therein; an electrically conductive

i nterconnect pillar positioned on a first surface of the substrate
and ext endi ng #4 Gire method phrdaimgid Fizmesin e atibmet swifist matadlic istadomedthr ough
hol e forned throﬂﬂﬂﬂ%?%&&?é&éﬁﬁ?’ wherein the through hole is forned
in such a dinension that an electrically conductive interconnect
pillar of another substrate of the same dinension as the electrically

conducti ve i nt&y eeaRREbd B didid 43 CAR-dREHE 898kNEd Fhd mehfi iRt oughhol e

and
incluces

P

a first metallic layer,
a second metallic layer arranged on the first metallic layer; and

a third metallic Jayer arranged on the second metallic layer.

46. The method of ¢laim 45, wherein the first metallic layer includes a copper

material or a solder material,

47. The method of ¢laim 45 or 46, wherein the second metallic layer includes a tin

material or a solder material,

48. The method of any one of claims 45 to 47, wherein the third metallic layer

ingludes a copper material.

49. The method of any one of claims 45 to 48, wherein the first metallic layer is in
contact with the first substrate.

50. The method of any one of claims 45 to 49, wherein the third metallic layer is in

contact with second substrate.
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53 Anended Sheet | PEA/ AU wherein the through hole is spaced EgﬁTlsg)zg()S/gogzgg
fromthe electrically conductive interconnect pillar with res% Egived,30 Apri

a hori.zontal direction, 85. The chip of claim84, further conprising

a first netallic intercaonnect positioned on the first surface of the
substrate, adjacent to the electrically conductive interconnect ’

pillar. 86. The chip of claim®84, further conprising a first nmetallic

I nt erconnect positioned on a second surface of the substrate. 87. The

chip of cl ai mB6Ihsmehed of appencial plaimsddite §G avherein frmning the third subsirate

arranged 0pposi t goktHeRBos@EBRFSHIAARS CorPingRAnSUBB T Sch B thd R4
chip of claim87, whergin the tgésggogﬁahol e extends through the first

surface of the stb&ifaield sogteetyy Rhstrpte g at lggst pgdeconp seialiice.  89.
The chip of any brescaficcel ai s 84 to 88, wherein the through hole is
positioned adjacent to the electrically conductive interconnect
pillar and the first netallic interconnect. 90. The chip of any one
of clains 84 tid. 8% méthed dfehirg Shypwhesintle @ |aeonn skcamt radthllic intanéorn@onrnect

positioned on the, EA’EC&SE%‘CgB?#lE%gﬁQ@g}%%QM@ lcr;go%e%onnect pillar. 91,

The chip of any one o &Teln the substrate is a
sen conduct or substrate.

53, The method of any one of claims 42 to 52, further comprising forming a fourth
substratc above the third substrate and forming a third through hole through the
fourth substrate.

54. The method of claim 53, wherein forming the fourth substrate above the third
substrate includes forming the fourth substrate such that the fourth substrate is in

contact with the third substrate via at least one third metallic interconnect.

55. The method of claim 54, wherein the at least one first metallic interconnect, the at
least one second metallic interconnect and the at least one third metailic

interconnect are the same.

56. The method of any one of claims 53 to 55, wherein forming the second
electrically conductive interconnect pillar includes forming the second electrically
conductive interconnect pillar such that the second electrically conductive

( interconnect pillar is positioned on the second subsirate and extending from the
second substrate through the second through hole to electrically contact the fourth

substrate,

57. The method of claim 56, further comprising forming a fifth substrate ebove the
fourth substrate. -
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92. The chip of any one of clains 84 to 91, wherein the el ectkl Cglﬁili%SﬂAprﬂ 2009

conductive interconnect pillar extends fromthe first sur f ace™8
substrate in a direction at | east substantially perpendicul ar thereto
in a tapered manner. ,4 Anended Sheet 1:PEA/ AU 93. The chip of any
one of clains 84 to 92, wherein the electrically conductive

I nterconnect pillar includes a copper material or a solder material.

94. The chip of any one of clains 85 to 93, wherein the first
metal lic i nt ertoRhewethphefcdrim §7.avhswirformingthe fifda pubsese abPeth firthof any

one of clains 855ﬁthraQ§mcM@érf§rh{ﬁ1gttH@ﬁﬁH Juﬁ%ra@%ﬁ@:{ Fét(fhc' AHELERARRESH

I ncludes a first netal | ayer, a secon /er arranged on
the first netal |$%1ch&%¥ ‘heé?\’(ﬂthéuttsﬁ?f? e pideast qrieé'oql‘@mal ngrgeREcbn t he
second netallic layer. 96. The chip of claim95, wherein the first

nmetallic laye cl udes t 97. .The chip of claim95
or 96, wherei rﬁgtﬂ g%%cf?é‘gégl"fb@r F’a‘@%‘?t lqaﬁ(‘,’PﬁH@E‘hH‘eEaP’r? HFCHFE or a

sol der materi al .mcludes a solder material.

60, The method of any one of claims 57 to 59, further comprising forming a third
electrically conductive interconnect pillar on the third substrate and extending
from the third substrate through the third through hole to electrically contact the
fifth substrate.

61. The method of any one of claims 42 to 60, wherein forming the first electrically
conductive interconnect pillar includes forming the first electrically conductive
interconnect pillar such that the first electrically conductive interconnect pillar is

arrenged in contact with the third substrate via a fifth metallic interconnect,

62. The method of any one of ¢laims 53 to 61, wherein forming the second
electrically conductive interconnect pillar includes forming the second electrically
conductive interconmect pillar such that the second electrically conductive
interconnect pillar is arranged in contact with the fourth substrate via a sixth

metallic interconnect.

63. The method of claim 62, wherein the fifth metallic interconnect is the same as the

—

sixth metallic interconnect.

64, The method of any one of claims 61 to 63, wherein the fifth metallic interconnect
includes a fourth metallic layer and a fifth metallic layer.

65. The method of claim 64, wherein the fourth metallic Jayer is in contact with the

first electrically conductive interconnect pillar.
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98. The chip of any one of clains 95 to 97, wherein the thi rdPecggedgoApnlogﬁgg

metallic |ayer includes a copper material or a solder materia

The chip of any one of clains 90 to 98, wherein the second netallic

i nterconnect includes a solder material. 100. The chip of any one of
claims 90 to 98, wherein the second metallic interconnect includes
fourth netallic layer and a fifth netallic |ayer. 101. The chip of
claim 100, wherein the fourth netallic layer includes a tin materi al
or a solder material. 55 Amended Sheet | PEAJAU 102, The chip of claim
100 or 101, whes.qhamsthed bi didilh cawt 63, wherelnalesiit rﬂ&hlﬂdﬁ§erﬁs BQRPREdt with
material. 103. A ne dbof nanufacturlng a chip, the nethod
conprising : forﬁﬁﬁémgﬂlgF%Ctrlcal circuit in a substrate; formng an
el ectrically conductive interconnect pillar on a first surface of the

subst rat e, T heceheeblhablaky GANMIELLYE: 3k SSRGS bookh HeflicSihe " 19

fromthe first surface o
includes a tin material or a salder mate:nal

68. The method of any one of claims 64 to 67, wherein the fifth metallic layer

includes a copper material.

) 69. The method of any one of claims 64 to 68, further comnprising forming the fifth
{ . metallic Iayer to be in contact with the at least one second metallic interconnect

via a first metallic connection

70, The method of any one of claims 51 to 69, further comprising forming the second
electrically conductive interconnect pillar to be in contact with the at least second

metallic interconneoct via a second metallic connection.

71. The method of claim 69 or 70, wherein the first metallic connection includes 2

copper material.

72. The method of claim 70 or 71, wherein the second metallic connection includes a
copper material,
( . .
73. The method of any one of claims 42 to 72, wherein the first electrically

conductive interconnect pillarincludes a copper material or & solder material.
74. The methad of any one of claims 60 to 73, wherein the first electrically

conductive interconnect pillar, the second electrically interconnest pillar and the

third electrically conductive interconnect pillar are the same.
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formi ng a through hol e through the substrate, wherein the thrREQJ?vedi&OApril 2003

hole is fornmed in such a dinension that an electrically conductive

I nterconnect pillar of another substrate of the sanme di nension as the
el ectrically conductive interconnect pillar can be received in the

t hrough hol e and wherein the through hole is spaced apart fromthe

el ectrically conductive interconnect pillar with respect to a

hori zontal dirgction. 104. The nmethod of claim 103, further

conpri si ng f or frr MHe Bethed efanypreqriciaims 43ie 4 shereatholrstbsRierst surf ace

of the substr at eseniibdhdtdrshbsia alithia cledti Sl GROA@ShMcDBies, POSI ti oned
adj acent to the electrically conductive interconnect pillar. 105. The

nmet hod of claim 103, further conprising formng a first netallic

i nt erconnect Or6. Fhspentofsuy bmcd chimstBeo W) hateatie HGubshhe, Aeihad of

cl ai m 105, V\herelsuréséaqeeﬂl‘elté. of, the substrate is arranged

S rfac
opposite to the TEEGHY sur’f&asélgs 3&?&3‘%@5@?‘?"5@?% *AfiBfided Sheet
| PEAJAU 107. The nethod of claim 106, wherein form ng the through

ol e, through teraihahialiSal 06l U8R JDINGLIS dlaUARARLe, ¢ M ough

the first surface o [2) ate ¢ second sdrtace of
t he substrate. semiconductor substrate.

78. The method of any one of claims 42 to 77, wherein forming the first through hole
) and the second through hole includes forming the first through hole and the
{ second through hole such that the first through hole and the second through hole

are aligned along a different axis perpendicular to a plane of the first substrate.

79. The method of any one of claims 53 to 78, wherein forming the second through
hole and the third through hole includes forming the second through hole and the
third through hole such that the second through hole and the third through hole are

aligned along a different axis perpendicular to & plane of the first substrate.

-80. The method of any one of elaims 57 to 79, wherein the first substrate, the second
substrate, the third substrate, the fourth substrate and the fifth substrates are
arranged parallel to each other.

{ 81. The method of any one of claims 60 to 80, furthet comprising forming the third
' electrically conductive interconnect pillar to be in contact with the fifth substrate

via a seventh metallic interconnect.

82, The method of claim 81, wherein the seventh metallic interconnect is the samg as

the fourth metallic interconnect,

83. A substrate arrangement comprising :
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108. The met hod of any one of clainms 103 to 107, wherein fornkﬁ 0 April 2009
through hol e includes forming the through hol e such that the Ok pri
hol e s positioned adjacent to the electrically conductive

interconnect pillar and the first netallic interconnect. 109. The

met hod of any one of clainms 103 to 108, further conprising formng a
second netallic interconnect on the electrically conductive

i nterconnect pillar. 110. The nmethod of any one of clains 103 to 109,
wherein the substrate is a sem conductor substrate. 111. The nethod

of any one Qffirgls@isiBie103 to 110, wherein formng the electrically
conductive interconnect pillar conprises formng the electrically
conductive interconnect pillar such that the electrically conductive

i nt er connecta spickll Aibs@ith BAMIEnEd BRI A fiblraRULE 8c6nhindle c&ld?ﬁ&ﬁgaat B

in a directipon at ?P; substantial ly perpendlcular thereto In

tapered mand&yt e he nethod of any one of clains 103 to 111

wherein the electrlcally conductlve i nterconnect pillar |ncludes a

copper naterl a so te t hod of any _one of
clains 104 9 ﬁfllsfgsweeproé REPVE |tbre§?°°ﬁ%f'§f“ﬁt% %Wﬁ@@?ml’%r?&fdes a
sol der mat esécahd thidagh hilee nethod of any one of clains 104 to 112,
wherein the first netallic interconnect includes 57 Anended Sheet

1PEA/ATJ a first metallic | ayer,
a first clectrically conductive interconnect pillar positioned on the first substrate and

_ extending from the first substrate through the first through hole to electrically contact the
(‘ third substrate;

PCT%(EZOOS/OBOS!GS

a second electrically conductive interconnect pillar positioned on the second substate

and extending from the second substrate through the secand through hole;

wherein the first through hole and the second through hole are aligned along a different
axis perpendicular to 4 plane of the first substrate.

84. A chip comprising:
a substrate having an clectrical circuit formed therein;

an electrically conductive interconnect pillar positioned on a first surface of the substrate
and extending from the first surface of the substrate; and

a through hole formed through the substrate, wherein the through hole is formed in sucha -
dimension that an electrically conduetive interconiiect pillar of another substrate of the
same dimension as the elestrically conductive interconnect pillar can be received in the
through hole and
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a second netallic layer arranged On the first netallic | ayer Radtived 30 April 2009
third netallic | ayer arranged on the second netallic layer. 115. The
nmet hod of claim 114, wherein the rust netallic layer includes a
copper material. 116. The nmethod of claim 114 er 115, wherein the
second netallic layer includes a tin material or a solder nmaterial.
117. The nethod of any one of cIainE 114 to 116, wherein the third

metallic |ayer includes ria r.a solder materia

The. et hod Stz s etz Relf SRR FRtHshithe Seciital e hmile dliradhyect
metallic i ntpétacwhhwpectmcalhmdwt@dmhder material. 119. The method of
any one of clains 109 to 117, wherein the second netallic

I nterconnect includes fourth netallic layer and a fifth netallic

| ayer. 120. Thi$. Fea ¢hiplofpiain (84 fmtiet omppviag e ifirst mhalliconerednnaspaditidred

l'ayer includes al%l@ FIRLERLAbT O sufstaf! ﬁ%&aﬂ?&:ﬁ& m@émmonﬂmewet hod

of claim 119 or wherein the fitth metallic layer includes a
copper material . ints@nagrs Al Sheet | PEAJAU

86. The chip of claim 84, further comprising a first metallic interconnect positioned

on a second surface of the substrate,

87. The chip of claim 86, wherein the first surface of the substrate is arranged

( opposite to the second surface of the substrate.

88. The chip of claim 87, wherein the through hole extends through the first surface
of the substrate to the second surface of the substrate.

89. The chip of any one of claims 84 to 88, wherein the through hole is positioned
adjacent to the electrically conductive interconnect pillar and the first metallic

interconniect,

90. The chip of any one of claims 84 to 89, further comprising 2 sccond metallic

interconnect positioned on the electrically conductive interconnect pillar.

91, The chip of any one of claims 34 to 90, wherein the substrate is & semiconductor
substrate.

92. The chip of any one of claims 84 to 91, wherein the electrically conductive

interconnect pillar extends from the first surface of the substrate in a direction at

least substantially perpendicular thercto in a tapered manney,

54

Amended Sheet
IPEA/AU



g

PCT/SG2008/000268
Received 30 April 2009

93. The chip of any one of claims 84 to 92, wherein the elecirically conductive

interconnect pillar includes a copper matetial or a solder material,

94. The chip of any one of claims 85 to 93, wherein the first metallic interconnect

includes a solder material.

95. The chip of any one of claims 85 to 93, wherein the first metallic interconnect

includes
a first metallic laver,
a second metallic layer arranged on the first metallic layer; and
a third metallic layer arranged on the second metallic layer.

96. The chip of claim 95, wherein the first metallic layer includes a copper material.

97. The chip of claim 95 or 96, wherein the second metallic layer includes a tin

material or a solder material.

98. The chip of any one of claims 95 to 97, wherein the third metallic layer includes a

copper material or a solder material.

99. The chip of any one of claims 90 to 98, wherein the second metallic interconnect

includes a solder material.

100. The chip of any one of claims 90 to 98, wherein the second metallic

interconnect includes fourth metallic layer and a fifth metallic layer,

101. The chip of claim 100, wherein the fourth metallic layer includes a tin

material or a solder material.
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102, The chip of claim 100 or 101, wherein the fifih metallic layer includes a
copper material.
103, A method of manufacturing a chip, the method comprising

forming an electrical circuit in a substrate;

forming an electrically conduective interconnect pillar on a first surface of the
subastrate, the electrically conductive interconnect pillar extending from the first

surface of the substrate;

forming a through hole through the substrate, wherein the through hole is formed
in such a dimension that an electrically conductive interconnect pillar of another

substrate of the same dimension as the elettrically conductive interconnect pillar

can he received in the through hole and

wherein the through hole is spaced apart from the electrically conductive interconnect

pillar with respect to a horizontal direction,
104. The method of claim 103, further comprising
forming a first metallic interconnect on the first surface of the substrate, the first
metallic interconnect being positioned adjacent to the electrically conductive
interconnect pillar,
105. The method of claim 103, further comprising

forming a first metallic interconnect on a second surface of the substrate

106, The method of ¢laim 105, wheretn the first surface of the substrate is

arranged opposite to the second surface of the substrate,
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107. The method of claim 106, wherein forming the through hole through the
substrate includes forming the through hole through the first surface of the
substraté through to the second surface of the substrate.

108. The method of any one of claims 103 to 107, wherein forming the through
nole includes forming the through hole such that the through hole {s positioned
adjacent to the electrically conductive interconnect pillar and the first metallic

interconnect.

109, The method of any one of claims 103 to 108, further comprising forming.a

second maetallic interconnect on the electrically conductive intercormect pillar.

110. The method of any one of claims 103 to 109, wherein the subsirate is a

semiconductor substrate.

111. The method of any one of claims 103 to 110, wherein forming the
electrically conductive interconmect pillar comprises forming the electrically
conductive interconnect pillar such that the electrically conductive interconnect
pillar extends from the first suwrface of the substrate in a direction at least

substantially pemendicular thereto in a tapered manner.

112, The method of any one of claims 103 to 111, wherein the electrically

conductive interconnect pitlar includes a copper material or a solder material.

113, The method of any one of ¢laims 104 to 112, wherein the first metallic

interconnect includes a solder material,

114, The method of any one of claims 104 to 112, wherein the first metallic
interconnect includes
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a first metallic layer,
a second metallic layer arranged on the first metallic layer; and

a third metallic layer arranged on the sccond metallic layer.

115. The method of claim 114, wherein the first metallic layer includes a
copper material.
116, The method of claim 114 or 115, wherein the second metallic layer

includes a tin material or a solder material,

117, The method of any one of claims 114 to 116, wherein the third metallic

layer includes a copper material or a solder material.

118. The method of any one of claims 109 to 117, wherein the second metallic

mtereonnect includes a solder material,

119, The method of any one of ¢laims 109 to 117, wherein the second metallic

interconnect includes fourth metallic layer and & fifth metallic layer.

120. The method of claim 119, wherein the fourth metallic layer includes a tin

material or a solder material,

121. The method of claim 119 or 120, wherein the fifth metallic layer includes

a copper material,
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