3t 311 L 7004 | ~Al~IBY1fi W*166166* 1 | NTEGRATED Cl RCU T DEVI CE PACKAGE
- AND'METHOD OF MANUFACTURI NG THEREOF BACKGROUND 5 [0001] This inventi on
rel ates generally to an integrated circuit (1C) package and a3t Jidd 2044

manuf acturing t e. Mre particularly, this invention relates to
an | C package |mﬂmmﬁ die or two or nore dies arranged in a stacked
configuration s a footprint approxinmately the 1.5 tines the
size of a single di¥%%8nd to a nethod of manufacturing such 10 an IC

package. [0002] Wth the mniaturizatipn of electronic products, there is a
need to also reduce the footprint of |IC package devices so that nore of

these | C devi CeINTEBRAIEDBIREOIT DEVICE PACKAGE END MBrigbshEat e. The
approach is focused on increasing the functionalities provided by each IC

devi ce, for exanple to for nMANUE §FHR}|NQ -HIEREQE (SIP) devices. [0003]
Figures 1-3 show prior art 1C devices with nmultiple dies in a stacked
configuration. Figure 1 shows an I C device including two dies, a first die
stacked on BA@K@‘RQUhl@cond di e. The first die has a footprint smaller than

that ofgth @g@ﬁg tac
pre- fabr| ca @09 subs F%@rgga (JS/ o grl‘)c')'?tﬁ&%?éehs%ﬁ@tcpﬁgﬁ% Yected to
connect or s arid tehenetbah of rraanufastungg vthe dChpackagg. Bdawrh particuletyedthis e
configurati, end to, lnc e.a thir as shown ik Fi gure 2.
Such 1C dev'ﬂg%@%glu%?%@g‘% rag}nﬁ'g Pﬁgké%ﬁ k%&dérgqj\‘?aﬁt(g% e HP@% “ie at the
bott om of térearsjesicin w&tacdé@&ogﬁgwahfm sdhastbzmvefa fdmprirmcap}prdx'ithateiy the IC
device. The T ‘Lgtldl e(s]tgt her e the | ar e.size of the

t

i |l be .t
footprint of GiSEE. °f[ao%16€3']3 dis. Anddo# @%&Wg ‘ifé?a'ﬁ“ﬁﬁawé'? 9 $¥evi ce
with mdg i pheicipaskage. a stacked configuration. The footprint of such an IC

device is | fb%%g]e\Rlltﬁ%e %lnlatunzatlon of electronic products, there is a need to also
reduce the footprint of IC package devices so that more of these IC devices
can be packed into a given area of a substrate. The approach is focused on
increasing the functionalities provided by each IC device, for example to form
15  system-in-package (SIP) devices. |

[0003] Figures 1-3 show prior art IC devices with multiple dies in a stacked
configuration. Figure 1 shows an IC device including two dies, a first die
stacked on top of a second die. The first die has a footprint smaller than that
of the second die. The two-die stack is then attached to a pre-fabricated
20 substrate. Bond pads on both dies are then connected to connectors of the
substrate using wire bonding. Such a stacked-die configuration can be
extended to include a third die as shown in Figure 2. Such IC devices suffer
from a notable disadvantage. The largest die at the bottom of the stack of
dies governs the size of the footprint of the IC device. The more dies there

25 are, the larger will be the size of the footprint of the IC device.
[0004] Figure 3 shows yet another IC device with multiple dies in a stacked
configuration. The footprint of such an IC device is independent of the
number of dies in the stack and thus is an improvement over the IC devices in
Figures 1 and 2. Instead of interconnecting the different dies by wire bonding,
30 connection pads on the different dies are interconnected by holes or vias
etched through the dies that are filled with metal. The dies in such an IC
Doc. No.: P100048
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.nunber of dies in the stack and thus is an inprovenent over the |C devices
in 'Figures 1 and 2. Instead of interconnecting the different dies by wire
bondi ng, 30 connection pads on the different dies are interconnectﬁ% b{

hol es or vias etched through the dies that are filled with metdhl. Juk %"es
in such an IC Doc. No.: P100048 *cooool* 3 0 J UL 2004 2 package need to
be precisely aligned and bonded usi ng sophisticated and expensive
front-end fabrication equipnment. [0005] U S. Patent No. 6,040,235 discloses
an |1 C device having a footprint apprckimately the size of a die of the IC*
device. The steps for manufacturing 5 the |IC device includes: (1)

provi di ng apawkhge rickattol e prstiselyuligriddl andlibeadedh esivgnsophisticatee dndc! udes
mul ti pl e connectjo Eads ggg) sandw. ching the wafer between two protective
| ayers, (3)eﬂﬁ?§Wﬁ3° ekt MEABARMIAof the protective |ayers al ong

out i nes of [gghs] 10lise Pateht NP 0584285 iditfosel dMRC deQRBaHvVIry a Fa6tprint 4)
formng netal contacts on the surface of the notched 10 protective |ayer

that are el drexicately thecsize ot adia of hadCdeyisse dhsotteroies manUfariuringonnect i on

pads, and ({) @B@Oi@éiiﬂay{:&? f{pf?é@mﬁ@%‘wﬂﬂ%} iﬁg_@qﬁélu@léseﬁwultﬂ@fai&

manuf acturing process surfers m _ | sadvant ages. The step of
cutting notwhersin sagkegige indludesamyltiplee cemnaction Padhme(23 GRadwiaing theat step

21150, (7 equl R WAREINAS Brdidife 1AL 0 RHARCHIONAS LR BN of e CUL LT o

t he 15 notches. produces he cutting step has to be
perforned puotestide lafera alomgnoutbioes of thet digsf do éxposheporticahsgfotheed i nt o

the clean r@o?rﬁ‘gc{ié’d) pfagé,g(?zg?r?ﬁi% ‘?ﬁe?tglngontgagid}ptﬂga%%cggofoghetMC f er

cunber sone. ive’layers oh a resul die al'so make it
cost | y. 10 00palectivélayeatiattarélelectrically caineatikd td theesxpased pertiohnCofithe ce havi ng
multiple 20 die

The dies ar‘éonnz?Fﬁ%[ilaén%sl'%nggg%g@%@@iﬁ%?%ggF%qu%hi.ﬁdiWE@éf@tSﬁﬁ%ﬁ@?gob(za'? \?/éen
t he di es of masufabtuaiRg IptockRei suffem feorh ar nitbemdfdisddventagbs. Thackep of dies are
separat ed tc(:)utting notches is sequential and therefore is time-consuming. That step also
requires an accurate fixed angular shaped cutting blade for cutting the
15 notches. As cutting produces debris, the cutting step has to be performed
outside of a clean room. A cut wafer is then transported into the clean room
for further processing, making handling of the wafer cumbersome. The two
protective layers on a resultant die also make it costly.
[0006] U.S. Patent No. 6,117,707 discloses another IC device having multiple
20 dies similar to that disclosed in U.S. Patent No. 6,040,235. The dies are
arranged in a stacked configuration. Interconnections between the dies of
such an IC device are formed only after the stacks of dies are separated to
form individualized IC devices. That is, the process of interconnecting the
dies in a device is performed on a device level and is thus slow.
25
SUMMARY
[0007] According to an aspect of the present invention, there is provided a
method of manufacturing an integrated circuit (IC) package. According to the
method, a first substrate including thinned multiple dies attached is first
30 provided. Each die includes connection pads on a first active side of the die.
Wire bonding between each die pads on the first active side of the die and
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formindividualized | C devices. That is, the process of interconnecting the
dies'in a device is perforned on a device level and is thus slow 25
SUMVARY [0007] According to an aspect of the present inventio ;{3 Ms
provided a nethod of manufacturing an integrated circuit (1GC 5% aagg
According to the nethod, a first substrate including thinned nultiple dies
attached is first 30 provided. Each die includes connection pads on a first
active side of the die. Wre bonding between each die pads on the first
active side of the die and Doc. No.: 3100048 i 3a )U 244 3 correspondi ng
substrate pads on the first active side of the substrate is perforned on
the first s¢dpedspanding Rubkeste pads ansthel arsresttilorsidd eftthe calbsirateciznnect i ng

with the firs S|de supstrate conneC|on ads oroute he con ctlon d
to the seco?ﬁf}“&@feﬂv%né & Ir3) S‘t‘??é”@oré@'étﬁ &g %QJIS%TW h’rSelﬁ‘étH Al¥The bags

substrate WdriheBitd VAt tHé efrst %laélesmbgﬁbtée%oaﬁedubﬂ bb6§ttoa¢éutéetrﬁal de. The
first active side of the substrate is then grinded and polished to expose

the wire bofRISEctife Pasdpde doe iierenhgative sigsohine P‘Pfé‘?ﬁpé’aﬁ'f‘éds%ﬁat?r pl at ed
with Nckel pdgsGorik ﬁ.ﬂﬁtr@fe iy nﬁﬂtmré dfes §§ tHencAbld¥d %mﬁe%t\éeu\ma&leél al .

[ 0008] Preferabl Y, further include fornming a sol der mask
after 10 t ke fieshetivepside QﬁrﬁhQ ﬁtébi’ftiat%'ds ten grinsled cAnsli pRiisbed thexpeRest rate are

f or med, exmg%lF@aBSI%g%g}fé@ﬁ@é@%re%‘ﬁﬁ lehdO9™ th@ﬁedco‘gfe@%ﬂd of El‘étc-fdoUt I ng

pads on the secon substrates are l'ated with
conduct i ve with Nidkiel /n@old[andm]amhethmtemmqaﬂycomduchee matgriaide f ormi ng

termnals etg&g%ﬁ%ﬁq %}ﬁy,ftég rr?e(m unItIQer ihGud ? fbtrﬁiﬁ'@a ggldglhﬁwagk "aﬁ[are . mask

substrate. naI S T ncludes ¥ ormng
over t ht0 sethencuserdmadsf o Hiee fﬂrst&dnds sdindaside ofdbeemm,straeﬁam fogmpdr ti ons of
t he sol der nmask. aver {hhe C E pads to expose

exposing only the contact pads.

[0009] Preferably, the routing pads on the second side of the substrates are
coated and or plated with conductive thin films.
[0010] The method may further include forming terminals electrically
15 connected to the contacts on the first substrate. Preferably, forming terminals
includes forming a solder mask over the second side of the first substrate
routers, removing portions of the solder mask over the contact pads to expose
the contact pads and forming solder bumps and or solder wetting thin films
over the exposed contacts.
20 [0011] Preferably, the method may further include the first side of the top most
stacked layer of the substrate with out grinding and polishing.
[0012] The method may further include providing a second substrate of dies
processed in a manner similar to the first wafer to include routers that route
connection pads on a first side of the second substrate to corresponding
25 contacts on the second side of the second substrate. The second active side
of each substrate will have electrical connection routing pads correspond to
first active side of the substrate, which inturn correspond to the first active
side of individual dies. The second substrate is then attached to the first
substrate by aligning and attaching the first side of the first substrate to the
30 second side of the second substrate to thereby electrically connect connection
pads on the dies of the second substrate to the contacts on the second side of
Doc. No.: P100048



the contact pads and form ng sol der bunps and or solder wetting thin filns
over the exposed contacts. 20 [0011] Preferably, the nethod may furtﬂ@i
i.nclude the first side of the top nost stacked |ayer of the 300 af®*wi th
out grinding and polishing. [0012] The nmet hod may further include providing
a second substrate of dies processed in a manner simlar to the first
wafer to include routers that route connection pads on a first side of the
second substrate to corresponding 25 contacts on the second side of the
second substrate. The second active side of each substrate will have

el ectrical connection routing pads correspond to first active side of the

substrate, ognespondihg diesaditiefiizosobstatd tedéfinesstackatof\dies. sThkesedondndi vi dual
s then attached to the first st.r y

di es. The se ow ubstracLe !P ) S R te b
al i gni ng arti9edf 46sSRE0Nh Substrale 1 niasaseq i & SirulEr SALEF 4Pdhe dtthe 30
second si desstrhfaetd eFedles boRhétat Beteddnt han edichehegddel cRiphbatibgnmect

connection pads on the dies of the second substrate to the contacts on the

second si desibptrategdncinges senagting the stacks. of girpnioy PSR SPIMEHAYESi es of the
first supstihfdopatb® cH&Sii RRKAGES EB R b #hRR inclitRsTPR88Eof Giggle of the second

substrate is processed i1n a simlar manner to the first substrate to

produce conlPAdBKrefeeatdyn the nmethad fudhafe iIndludesr APViGNghat leatistangt es
incl udes separ@bhiat S0 st?atté‘q}ﬁt%r&i;?nglf;t‘éa bAWRER AHE Sirbt diiydtidieed|drgiehe S

integrated circult packages, eac whi ch i ncludes a stack of dies. [0013]
Pr ef er abl y,secead sebsteglef urt her includes providing at | east one

i nt er nedi at ipte e Wzﬁn fil u and the
second subs P 3{“@%{98%% i?%r ec‘f: grggb , Q?ﬁgé I pg%ﬁmgéelhﬁgéﬁ %epér%ki?abﬁrt her

i ncl udel@ pagdreagiached fOthediystrsidet ofdodtap subpstrate. first side of the top
substrate. BRI EF DESCRI PTI ON OF DRAW NGS [ 0015] The invention will be

better undeéﬁf&OBEwaPflﬁl\?b@lsﬁA{l\ﬂNb%e drawi ngs, in which:
[0015] The invention will be better understood with reference to the drawings,
in which:

15 Figure 1 is a sectioned drawing of a prior art IC device having two dies
in a stacked configuration and connected to a substrate using wire bonding;

Figure 2 is a sectioned drawing of a prior art IC device having three
dies, stacked and connected to a substrate in a similar manner as the IC
device in Figure 1;

20 Figure 3 is a sectioned drawing of another prior art {C device having
multiple dies in a stacked configuration and interconnected using metal-filled
through holes;

Figure 4 is a flow diagram of a sequence of steps for manufacturing an
IC package according to an embodiment of the present invention;

25 Figure 5 is a drawing of a wafer with multiple dies for attaching to the
substrate according to the sequence in Figure 4,

Figure 6 is an isometric drawing of an active surface of a portion of the
wafer showing connection pads on the first active side of the wafer to be wire
bonded between first active side of the individual die according to the

30 sequence in Figure 4;
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15 Figure 1 is a sectioned drawing of a prior art |IC device having two dies
I n a stacked configuration and connected to a substrate using w re bondi ng;
Figure 2 is a sectioned drawing of a prior art |C device havi rpgt?:[]ﬁemmes,
stacked and connected to a substrate in a simlar manner as the | devi ce
in Figure 1; 20 Figure 3 is a sectioned drawi ng of another prior art I1C
device having nultiple dies in a stacked configuration and interconnected
using nmetal -filled through holes; Figure 4 is a flow diagram of a sequence
of steps for manufacturing an |1C package according to an enbodi nent of the
present invention; 25 Figure 5 is a drawng of a wafer with nultiple dies

for attaching t Figlres 7aUs brexdetionsdddivigs, takehealareoalbmeX-X m Fgger e 4;
Figure 6 is ar] i sonetric dr.avviq?%hgf afn actiye surface ortion of the

f
vater show SiNOIRAW oodis Qe ualer At diterent, stages o manuRRyiider to be

wire bondeghcBRING S the 'sequadd wm’l\%@ @famhe§iuf@§ YEGulardlisechgear di ng to
the 30 sequence in Fi gure 4; Doc. ... P100048 3 0 JU L 2004 5 Figures
7A- 7D are s¥awingssimiaraquFigises (AWEhshavwing any twadiex oktwmtofpyistackesl “showi ng

any two gli g afrafeleat\Wif&Entétagéd bEMBRLIASHANE acRbroli MYl e lséliBAce fCCOT ding
F 4; and F

to the sequence In Figure | gures 7%—7H are ‘sectioned draw ngs
simlar to Fpgigres 7A-7D showing any two dies of two to four stacked 5
substrates at different stages of nmanufacturing according to the sequence
in Figure 4. DETAILED DESCRI PTION [0016] Figure 4 is a flow diagram
showi ng a sHUAHED RESCRIPEKINTor 10 manufacturing an integrated circuit

1 oot oeaibisIae s 581050 WAy ogRAbO S, alth e s af e
wher ei nM1Ga wabeufa8tu(ifRg gam eintegratad| cidiuitg (I8) devieey package 4 (Figures 71)
according to an embodiment of the present invention. The sequence 2 starts
in a PROVIDE WAFER step 6, wherein a wafer 8 (Figure 5) including an array
of finished dies 10 formed therein by conventional techniques is provided.
The wafer 8 may be a six, eight or twelve-inch wafer. Separation zones,
15 generally known as scribe lines 11 that are typically more than 50 microns
wide, separate the dies 10. Each die 10 has multiple bond pads or
connection pads 14 (Figure 8) on a first active surface 12 of the die 10.
These connection pads 14 are electrically connected to an electronic circuitry
(not shown) formed in each die 10. A side of the wafer 8, which defines the
20 first active surfaces 12 of the dies 10, is referred herein as the first active side
16 of the wafer 8 or die 8. The other side of the wafer 8, opposite the first
side 16, is referred to herein as the second side 18 of the wafer 8.
[0017] The sequence 2 next proceeds to a FORM SUBSTRATE step 40,
wherein the first side of the substrate 9 processed with connection pads 13 to
25 accept the wire bond connection from the die pad 14 of the first side of die 8.
[0018] The sequence 2 next proceeds to a first DIE ATTACH step 42, where
in individual dies from wafer 8 are removed and are attached to the substrate
9. Figure 7A shows a cross sectional view of two dies 10 of the wafer 8
attached to the substrate 9.
30 [0019] The next step is FORM WIRE BONDS step 44, wherein the connection
pads 14 of die 8 are electrically connected to the connection pads 13 of
Doc. No.: P100048




cof finished dies 10 fornmed therein by conventional techniques is provided.
The wafer 8 may be a six, eight or twelve-inch wafer. Separation zones, 15
generally known as scribe lines 11 that are typically nore thagéfolﬁigmgns
wi de, separate the dies 10. Each die 10 has nultiple bond pads: JUt
connection pads 14 (Figure 6) on a first active surface 12 of the die 10.
These connection pads 14 are electrically connected to an electronic
circuitry (not shown) formed in each die 10. A side of the wafer 8, which
defines the 20 first active surfaces ® of the dies 10, is referred herein
as the first active side 16 of the wafer 8 or die 8. The other side of the
waf er 8, opaastrae Bhasihgreire windinglmethal. refieewied bboadh@2eire dermdde second

side 18 of e waf er 017] The seque ce next proceeds to FORM
SUBSTRATE s?egweﬂ@ COFWﬁBPM REpYasy Pasy 1%@”5 heorinegton ags o' %ra&cessed

Wi th connec§igih RadSgurés t7B. 2$h@é‘ecqm*e bbedsni2pecdro e mmeectm@ dyom the die
pad 14 of the first side of die 8 [0018] The sequence nex%@groceeds to a

first DI E AQorNenrtienadfechpiqugngich awumﬁm { Gaeper r@sorfgtolprﬂ"\ﬂ% def- ar e
renmoved Andopk6] B @&i&@hcé@ hsﬂ meéédsafoeFo%M RIOLD &t 48N QBrein @& 0SS

secti onal V|em10f two dies he wafer 8 attached to the substrate 9.
30 [0019] Tmeldingkcorspeynd 24 ﬁdqmnwlpe theyaotive; suifaces 16 whieedigs tIReanfonnect i on
pads 14 of e I 13 of
Poe’ N o PUBEHIRSS SGHTR ARG et R picRétab e BPRERILORORRE Lood
The w re b oants onscregre phiingatiethpd owtecthe eotirecsytasaioh theclyaheide |16n'>f s 14 and

connect]on BRARM Ay Bt SIOYE of fhd siTe SFhccltiRF idkled. RONEREE 7ean be
IS EMTE I RER R

formed using any conventl onal pper and or
gol d wit@® bshoves thebsyrGE203rT e ﬁr&t]tsimc% Zfrﬂwdlep&amieiﬂst BldeF’(B?M MeLD step

o e ol L LA ST B SRR, 2 e, St e T
by transf er [00hPTHegnextrslepis SRINBNANDI ROLIBH stph48l whereirt the motdinge sur f ace
of the fi rs}:on%gt.lendl?aygl; 2t4h|es grinded and or polished to expose the wire bond

terminals 26 on the front side 16 of the die 8 as shown in Fig 7D.

15 [0022]Next a layer of conductive metal 26 is coated and or plated over the
exposed wire bond terminals to process WIREBOND TERMINAL COATING
step 50. The wire bond terminals 26 are coated and or plated with conductive
materials 28 to increase the thickness and surface area of the conductor
terminal pad. The cross section schematic at Fig 7D shows the electrical

20 conduction path between terminal pad 28 on the front side 16 of the die 8 and
front side 16 of the substrate 9.

[0023] Preferably, the sequence 2 next proceeds to ATTACH SECOND
SUBSTRATE, wherein firstly, 34 a second substrate, step 52 that is
processed similar to the first substrate 32, by following steps 40 to steps 50 of

25 the sequence 2 shown in Fig. 4 is provided. Electrically conductive film / or
paste 36 is applied over a first side of the first substrate 9, step 54. Aligning
the connection pads 30 of the second side of the second substrate 9 with
respect to the wire bond terminal pads 28 of the first side of the first substrate
9 and attaching, step 56 both the substrates to form vertically stack

30 connections between first and second substrates as shown in Fig. 7E. The
above procedure may be repeated to satisfy the application desired by
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.die 10 and first side 16 of the substrate 9 according to step 46. Figure 7C
10 shows the surface on the first side 16 of the die 8 and first side 16 of
the substrate 9 covered by the nol ding conpound 24. [0021]Thq£2e ULsﬂmb S
GRIND AND POLI SH step 48, wherein the nolding conpound |ayer I's grinded
and or polished to expose the wire bond termnals 26 on the front side 16
of the die 8 as shown in Fig 7D. 15 [0022] Next a |ayer of conductive netal
26 is coated and or plated over the exposed wire bond termnals to process
W REBOND TERM NAL COATING step 50. The wire bond terninals 26 are coated
and or plated with conductive materials 28 to increase the thickness and
surface ar estacKing the assemiNddsubstratesiaml digadertidally ay stowrsiecig Of archemat i c at
Fig 7D show? the electrical 20 conduction path between term nal pad 28 on
the front s{@e 16 of the die 8 and front side 16 of the substrate 9.

[0023] Pref poalfj Next! BRes @68 eitaehreREXF thE OSQRMAE é@os‘erz’@ ePES NDe
SUBSTRATE, wherein firstly, 34 a second substrate, ste 2 that is
processed sP¥posgd CPBn@CFf@an?qd§t3%Gf)§19r &Q@“Q?'d%?fmﬁ f'EﬁhSHBStﬁalt%@saWO to steps

50 of 25th oé%gé@rtefrcﬂamfmmm EﬁJMPSAfst‘eE 5% RV biefticalf} 861y the

conductive Tilm/ or aste is applied over a first side of the first
substrate ostaek &@VEWS t@usugterrt Heved oRtegeatiopn bpardls Bot showReinsBond si de
of the sec respect to the wire bond term nal pads 28
of the fi rs@qs% 81t'ﬁveci.’ftll rst substrate 9 and attaching, step 56 both the

substrat es [0@25b'lfhﬂ %%qtlehealz finally sarids 30 ac SRRARA TN Bl b2 tsirireB0.f Whereinand second
SaPeLraten B8 AN VB nlEso g MR AREEU 5 P 0RL 0 1
st acki ntp t heepsatEmblired of isobstraieed nainshasireis the remcdimgntasf isvendonj to Fig 7F
A A R G Y
substrate O9substrate (not shown). Figure 7| shows two resultant individualized IC
stacked package devices 4.
[0026] The dies of a stacked-die IC package device 4 may be of the same
156 function or of different functions. An example of a stacked-die IC device
having dies of different functions includes a processor die, a memory die and
an image sensor die in a stacked configuration to produce a system-in-a-
package (SIPC) device. These stacked-die IC devices may be used for
implementing optical type of devices, such as image sensors, as well as non-
20 optical type of devices, such as micro electro and mechanical system (MEMS)
and surface acoustic wave (SAW) devices.
[0027] Advantageously, with terminals located on an undersurface of a die,
the IC device has a small footprint no larger than 1.5 times the size of the die.
Additional dies may also be provided in a stacked configuration to, for
25 example, increase the functionality of the IC device with the same size of its
footprint. The mold compound layers of the IC device also covers
substantially all active surfaces of a die and therefore provides a better seal of
the die than in prior art devices. Moreover, the terminals can be arranged
according to chip-scale package (CSP) pitches so that under fill material is not
30 required when mounting the IC device to a substrate.
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5 processed to FORM SOLDER BUWPS, step 58 for electrically connecting the
stack devices to the systemlevel integration boards not shown in the
enbodi ment of invention. [0025] The sequence 2 finally ends | fﬁﬂ%ﬂkaE
DI ES step 60, wherein the substrate 9 with the assenbl ed de ice layers 8
is diced along the 10 separation |lines of substrate 9 not shown in the
enbodi nent of invention, to produce individualized |IC stacked package
devices 4 ready for nmounting on a substrate (not shown). Figure 71 shows
two resultant individualized |IC stacked package devices 4. [0026] The dies
of a stacked-die |IC package device 4 may be of the sanme 15 function or of
di fferent f[0028]Alss. advantagaopsly, dhe ametraek €dr obredlhcsrng:lembcec Idavfceg di es of
di fferent functjgns |nc cessor nmage

= .
sensor di e THe5'3Y 20RY Q@ﬁ?‘F@BIPa ?%r‘f‘ o’ tB?‘fﬁﬁ'u%‘H‘qgua}'éf‘eFﬁquﬁe% Iesﬁackage

(SI'PC) devi mce@%pss&tsa@&ﬁsar@uetoltﬁaﬂeeqma faR\oribe apsked dévites.i MHeenent i ng
optical type of devices, such \8e sensors, as well as _non 20 optical

type of devineed alows fox the diss ‘éfl %é@ GO ECTRRI tPAA Afingmedheq 4ok 3EREs)  and
surface @C%ﬁblﬁ%"‘@'ﬁg rRehY aQ@‘QIISW§ for{tﬂg%gla oﬁ@d@éﬁnﬁﬂ@ﬁl‘}%vﬁlla%h htermnals

| ocated on an undersurface devi ce haS a snal oot pri nt
no | arger téeractc, Sigh fead taﬁ\é l@iaﬂéfe@f splﬁgr dPIaéte fosderldero AEMPHIge s Tr’f’&y al so be

provi ded i npayR af‘skﬂgx@:@ggh@%ﬁg!rﬂﬁdlﬁl lef £ %Qn%@ﬁh?talhﬁﬁgot Shdt he

functionali ty 0 evice wt e sanme size 0 rint. The
nmol d conpoueabpeayeyise.oflhe meetha further @llews fordoreing of Negratadtpassivesal | acti ve

surfaces of o ndlerAUb L NELBbANE AHNARESS 2R T ft a7Pbr Sl gnhhﬁdedb@ than in

prior art devlces can be arrange according to
chi p- scHl e packstrates OHF) topassendding ovithhaie. Tihelenethod Ialsmalkewsaﬂlne gitaot 30

2004 5 [ SORBTARL e ARO[ o ShuBkG Phfe 0R¥eR  hy tre to - O
devi ce, Although the present invention is described as implemented in the above-
described embodiments, it is not to be construed to be limited as such. For
example, the method can also be used to manufacture inductor coils for high
15 Q, radio frequency (RF) applications. In such a case, each substrate is
formed to include one or more turns of a coil and several of such substrates

are interconnected as described to form the complete coil.
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~especially one with a nultiple dies in a stacked configuration, requires
| ess’ process steps as conpared to that required for prior art |C devices.
The nmethod allows for the use of a | owcost screen printing %t hod 1084
sol der 5 bunping. The nethod also allows for the use of the o
commonl y-avai l abl e high eutectic, high | ead and | ead-free sol der paste for
sol der bunping. The nethod is flexible and thus nodifiable for
manuf act uri ng al um num and copper device. The nmethod further allows for
form ng of integrated passives, such®@s resistors, capacitors and
i nductors, on the first and or second side of 10 a substrates prior to
assenbl i ng @iAmgli e. The nethod also allows fine pitch bunping for high
i nput -out put (10) count, optically sensitive devices Al though the present
invention is described as inplenented in the above- described enbodi nents,
it is not to be|gppetrued to be imted as such. For exanple, the nethod
can al so be used to manufacture inductor coils for high 15 Q radio
frequency (RF) applications. In such a case, each substrate is forned to
i ncl ude ey or MGt BF Mindading BRAnERKAEA cirelit eghstasidphéipiges are
i nterconnected as described to forrﬁtﬂe ?grrpl ete co?liﬁ.; Doc. §No.: P100048 3
Q.1-:! 1. e @MAINGS | claim 5 1. A method of manufacturing an
integrated circuit ( . . lovi IS4 Nk, kging a first
waf er including a pl h@zﬁ'ﬁ@%‘fﬁﬁ%q@%@ﬁg? ur%rgmfdt?éﬁe%gg%%trlgon zone,
each of the pl urth¢ iseparafioniizese,i eachuafi theg phuality of ides inpgladisgmoenaedtionst acti ve
side of the die; re | hg. r ial froma second side, opposite
the first si de,pat%g Opfﬁqﬁ\étﬁg“’&gogermgﬁé §(ee5; formng a plurality of
connecti®n pads on firembvisg caferf matesiabéomaa esecandsigiet loppesfeathatfirsin zones,
the plurality ofsi ec')c(\gtrﬁr? SeVSaC)fI’ngP(E}gQ;dI ng to
forming a plurality of connection pads on first side of a substrate
along the separation zones, the plurality of bond pads corresponding to
the connection pads of the die;
15 forming routers that electrically connect the first side connection
pads to route the connection pads to second side of the substrate,
forming contacts on the second side of the substrate, the
contacts being electrically connected to the routers in the first side of
the substrate thereby electrically connect with the connection pads of
20 the die on the first side;
die attaching the individual dies to the first side of the substrate
by means of conductive and or non conductive polymeric materials.
wire bonding the corresponding bond pads between the
individual die and substrate.
25 Encapsulating and or molding the first side of the substrate.
separating the substrates along the separation zones to produce
individualized package dies, each of which serves as an IC package
device.

2. A method according to Claim 1,
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the connection pads of the die; 15 formng routers that electrically
connect the first side connection pads to route the connection pads to
second side of the substrate; formng contacts on the second §i g8 L ozold he
substrate, the contacts being electrically connected to the routers in the
first side of the substrate thereby electrically connect with the
connection pads of 20 the die on the first side; die attaching the

i ndividual dies to the first side of the substrate by neans of conductive
and or non conductive polynmeric materil@ls. w re bondi ng-the correspondi ng
bond pads between the individual die and substrate. 25 Encapsul ati ng and

or nmol ding the first rghodng@ipottiots fltisd riding compaurd bnghé Miestsidesot at es
al ong the separation zone

to produce. .indivijdualized kage di es, each of
which serves. as 1 Syesteate bu ganding of palishing metotR 4ol eXeess, BE Ne 5P8 ai m 1.
Doc. No.: P100048mfn&sJ U L 2004 10 renoving portions of the nol ding

conpound on the first side of the substrate by grinding or polishing
met hods to expose th&eppsiingfondutiverimaiedal grpHE 1@xREseh MR tP mat eri al

on the exposed %Fnﬁnél@%ﬁh%ﬁoaﬁﬁéﬁﬂd]?hﬁtiﬁqérhﬁ{y &atiRh BFddags Printing or any
coating process. 3. A nmethod according to Caim 1, wherein the connection
pads on the3. sedvmpthodiacenrdingdostipisn rlamdesgin the govEGlion Pagsean thecal |y

conductive [ ' C%?&f i eln t accordi ng
to claim 3, g{jes?dne %fﬂeé@gﬁ%@fr e 0 twgﬂ%i%&*sﬁ'&"f"é‘? %Abt!@ @gﬁcqgf masked
to cover t hier edliablerdonaectiamjoidt. conductor lines. 5. A nethod according to

claim 4, V\hg_rei '}AH’ﬂét‘i’nwngcc%frdiﬂ&etoscgllaﬁﬁr3,”&/ﬁ5re‘m the second side of the

10 substrate is solder masked to cover the electrical router conductor lines.
5. A method according to claim 4, wherein portions of the solder mask at
the second side of the substrate is removed to expose the connection bond
pads of the substrate.
6. A method according to claim 1, wherein a conductive coating such as
15  an-isotropic conductive film or paste or any other conductive material are
deposited over the exposed wire bond terminals on the first side of the first
substrate.
aligning the wire bond terminal pads on the first side of the first
substrate with the connection pads on the second side of the second
20 substrate.
attaching the first substrate and second substrates vertically to
electrically connect the connection bond pads on the second side of
the second substrate to the first side wire bond terminal pads of the
first substrate.
25 repeating the above procedure with other substrates to achieve
desired vertical stack layers. and
forming solder bumps over the exposed contacts at the second
side connection pads of the first substrate.
7. A method of claim 6, wherein separating the packaging layer includes
30 separating the stack dies.
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the second side of the substrate is renoved to expose the connection bond
pads of the substrate. 6. A nethod according to claim1, wherein a
conductive coating such as 15 an-isotropic conductive filahfﬁi aggh or any
ot her conductive material are deposited over the exposed W ond
termnals on the first side of the first substrate. aligning the wire bond
termnal pads on the first side of the first substrate with the connection
pads on the second side of the second 20 substrate. attaching the first
substrate and second substrates vertidally to electrically connect the
connection bond pads on the second side of the second substrate to the
Ilh rst bSl de gure Nm&ihécfﬁmc?ﬁﬂngﬂ@dila?’ﬁ 1 Inmhe‘rldoﬁtpnsmlgsprbarumg ﬁﬁleéeutoeat: ng

e above procedure w 0 ubs ra 0 ac e rtica
Stack | ayel&e GIRIMEGAR AUSSBR ETSTEoRSTIScLRswe RS s g sibscain 2d Beat + he
second si decepARaBstre, pads of the first substrate. 7. A nethod of claim
6, wherein separating the packaging |ayer includes 30 separating the stack
dies. Doc. No.: P100048 3 0 JU 1.. 2004 11 8. A nethod according to Caim
1, further conprising providing at | east one internedi ate substrate

i nterconnected between the first substrate and the second substrate. Doc.
No.: P100048
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