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BACKGROUND 5 [0001] This invention relates generally to an™int/egrated
circuit (1C package and a nethod of manufacturing the | C package.

particularly, this invention relates to an |IC package including one die or

Mor e

two or nore dies arranged in a stacked configuration a
footprint approxinmately the 1.5 tines the size of a sﬂwwmmwmmmﬁd to a
nmet hod of manufacturing such 10 an | C package. [0002] e
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footprint of |IC package devices so that nore of these | C devices
packed into a gilNTEGRATEEDCIRCHIDOHEVACE.PACKAGEANBIMETHOD@Esed on

the functionali t?\@%??&ETWN@TﬁgB%dFC device, for exanple to
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stem i n- package evi ces. Figures 1-3 show

| C devices with nultiple dies in a stacked configuration. Figure
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an IC package.
[0002] With the miniaturization 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
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
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
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,
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
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[ 0004] Fi gure 3 shows yet another 1C device with nmultiple dies in a stacked"

conflgura | The footprint of such an I C device is independent of the

nunber in the stack and thus is an inprovenent over the |IC devices
%f) S 1 and 2. Instead of interconnecting the different dies by wire

bond , 30 connection pads on the different dies are interconnected by

hol es or vias etched through the dies that are filled with netal. The dies
in such an IC Doc. No.: P100048 2 package need to be precisely aligned
and bonded using sophisticated and expensive front-end fabrication

equi pnent. [0005] U.S. Patent No. 6,040,235 discloses an | C device having a
footprint ppgkage neskto betpresisely aijned @ind tindebleuding depfhisticatethandt eps f or

manuf act uri 5. I ' | udes: . (1) providing a wafer that
i ncl udes WP?P?R%‘}GW‘H&%R&W@'Cr?t'8'a§ﬂu'8m§“ ncI udes nul tiple connection pads,
(2) sandwi c[0005]UIS Pamahtembetomemst dvsclpses entICV@e\h@yﬁa\ﬁng (@3Jootpiiriti ng

tches through on t he |ve | ayers Ion I|nes of the dies to
ggpose por t PB&@XW ?'Héhe é'&ﬁrﬁﬁ@t '61’1" el 3%/v4c)‘e f t@?nﬁaﬁwaeg s on the

surface gf lHée 1@ deiArRdintdes ot mtprwe.dir@ysrwé#eatth@tr mcmhegtrﬁulﬁabl die§onnect ed
to the expos Hrgortlons of the connection pads, and_(5) separating the

di es to for WErdN Baghafie dpeudesspulliple corpeftiont Eﬁq%g (B srdvdching tBes from a

number of dm@mwwomeéﬁmw&rs wtéutﬂq; REfcABS throfigl® BRI Itha! and
therefore is tine-consunmng. That Ste requires an accurate fixed

angul ar shapEie¢tiyet lafifsrsolaé&f@ foylinggit P‘Pr‘i@e tdies 1t9 A¥RRSSe Portignsc ot ttheg
produces degbhfectibh pa! 4) r‘fgrrﬁﬁwgpmgl%? chitab® ALHROLIRACe B ABtcAba a cl ean

room A cut wafer transported into t n room for further
processil@g, praigstivg layeidhatrare sflectricaliyopneedrite theoexnoset gortians gfrtbe ect i ve

(o o0 Sobikbbe ol Al B e AR Y o POl gl SaH N,
t hat di scl osedufactuding. processnsufides frémOat BudBer ofTthieadhaetagmse The step of
cutting 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
Doc. No.: P100048



arranged in a stacked configuration. Interconnections between the dj ets ( b/
such an IC device are forned only after the stacks of dies are sepgp‘% 8al t
formindividualized I C 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 nmethod of manufacturing an integrated circuit (1C) package.
According to the nmethod, a first substrate including thinned nmultiple dies
attached is first 30 provided. Each di 8 includes connection pads on a first
active side of the die. Wre bonding between each die pads on the first
active si de cofrespandifige sabsiratedpads Nen th@ﬂnﬂoaﬁive%id@r@feﬁ‘@oﬁdbs’i@t%dbst rate

pads on thelgg {:r?ﬁeoa%' the ﬁr‘s?'esuBEtréJBe R;%‘('Je alls foﬂﬁéé 96 fec?riba V\)?tehf'tLSt

substrate. are al ri ca connec
first side submmlagewdbntirmctﬁrsjnsnpadsubsjrat@ud:cmnehmn cp:auisemlmutepahles to the

second activy es S The strate
with rmulti p|c§nlie} ggn éad%hgnﬁﬁbﬁfgﬁa %ét'tvg é’%jroi Fr\gg d&g su r@??l rst
activg sgde paﬁstPIFEesub?;ttatawhlbmumheml?|srtdadnwmbd0@i thehfrsit éc.’olvex;mlese dt he )
wi re bonds Xpose ond | eads .are t.h ated wit
N Ckel T CoBO Rt SRVE S8 R SPalceie: & 4 ORI 5T bEfsiBRce aeBaS 000g)

PL ef er a:JI Y, tﬁémramoltnasl Tfea/ei;(ptfsbbeﬁlré B@H\dllé%dfs@rmm eoa%di tdﬁdtdmﬁdte@; ter d10
the router pads.on the fi and sec substrate are forne
exposi ng on%tﬂ%iﬁk%égo«% d;%’b%"y ¢t WO%?CtW%WéﬁOQBF?'Vetrﬂ%tePﬂutl ng pads on the
second si de [gd0 P?éfér\ébl%rtflrfétrﬂéth@ﬂQna;ﬁﬂl@th@ﬂm@m@e%rnﬂhglb%ld@rtrﬁhschﬂit@HCt ive
thin filnms. [0010] The nethod may further include formng term nals

el ectri dfl | yhe 1‘?3“%Hﬁ%toédth?of'rﬁhé”@cﬁﬁ’ﬁ%q §idsnot e wb%&at%@b%tﬂ?rme@
Preferably, e&@ég}h@gmg,%é@ & padgcl udes formng a sol der mask over the

second side first substrate
[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



U _ :

r ut)Ers, removi ng portions of the solder mask over the contact pads to

6’0 e the contact pads and form ng sol der bunps and or sol der wetting
hin films over the exposed contacts. 20 [0011] Preferably, the nethod may
further include the first side of the top nost stacked |ayer of the
substrate with out grinding and polishing. [0012] The nethod may further
i nclude 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 éorrespondi ng 25 contacts on the
second side of the second substrate. The second active side of each
substrat e weplrespondingl dies of thel firstosubstratedn define istagkp atidiesorhesseonddt o fir st

active side S i ch j OLT e fiL active
si de of indF@%d%ﬂﬁ‘edgée)éb}‘ﬁ%@%’\é@o%dp}s"%g{é@’a e%@ﬁ%ﬂﬁ‘%ﬁ%@&é@é '?'gsttthe first
substrat e bgubstrajeitagprddcatdoatdtisnidgherbenf i rstsush de caket bepdratisg thelbstrat e

to the 30 s i t ngd subsirate. to thereby.electrically
connect _consaaiauts Tufes RaRERG the°dpols, B BiebaneP B b ESlEq.

cont act s5onirtégrateeiasinedit packages, eéia;buookfWH}inhdinHmaéﬂﬁ&ta%kmﬁ(r?spogdi n? dihes of
the first s te tp define a ies. The secon [ of the
second subst@%’iﬁfegerﬁsyce@gedn%ho‘g E‘M%lef a'Pcﬁﬂﬁ?leProf’lﬁi”}%eatf ?‘?%‘? CQ@bstrate
to produce {marhesliste dRROR intércomdtiat Batoens ERAFIRL iIBstrite andilRér at es

i ncl udes separ at's{]l.%ﬁéhe stacks of dies to produce individualized 5

i ntegrated PSR f€ages, each of which includes a stack of dies. [0013]

Preferably, [ddﬁ%métfé}ﬁglyf e ﬂ'@rpdd%%é'%%icﬁrt‘h‘éi/ duASerdinclu8@sa gaBRaging
i nternedi ate substrate’i nterconnected between the first substrate and the
second 3@bstaygt attaghed 4o theirst gideypf the tepaubstrateickage devi ce may furt her

i nclude a packaging 10 layer attached to the first side of the top

substrate. gﬁhﬁmﬁ?‘g})%@%\q [0015] The invention wll be

better understood w "eference to the 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 IC 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 |C device having two dies
in a stacked configuration and connected to a substrate using wre Bend hgy
Figure 2 is a sectioned drawing of a prior art |IC device having thréeldies,
stacked and connected to a substrate in a simlar manner as the IC device
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 pack@ge according to an enbodi ment of the
present invention; 25 Figure 5is a drawng of a wafer with nultiple dies
for attachi ng tofFighres 7Aubi8aresectpned diawiggs, dakdrealorgiadine X-Xin Figye e 4;

Figure 6 iszap.i.s: ' raM f ti f I of the
wafor show o ORI, VE AR e uder ALl Nt SeBEE S BRELARL, 1 o' b
w re bondedcimedingen ther ssqueate ve RSgute 4if andhd-igurels iEdTid| ardi sectiooed di ng to

the 30 seqyence in Figure 4: ... P100048 5 Fi.qures, 7A-/D are

secti oned af G g MYae ai1ER GR D FiavRg Ty e s Mo Bl R hny ¢ wo

di es of §hesusstatesait diffefent slages of gemutdcturiguicotding g theasepledtdith t o t he
sequence in_Figure 4; and Figures 7E-7H are sectioned drawngs simlar to
Fi gures 7A- 'ﬂgugfhéw' ng any two dies of two to four stacked 5 substrates at
di fferent stages of manufacturing according to the sequence in Figure 4.
DETAI LED DESCRI PT1I ON [ 001 Figure 4 is a flow di agram showi ng a sequence 2
of steps foaﬁﬂ*% I?ﬂ(ﬁlﬁ an integrated circuit (1C) device package 4

g gi gures 7110016?&90@ agid & QIBweG’%ﬂérﬁ’eQﬁoMﬁ%té‘esdauéﬁé@tz idivereps ofgr  The
guence 2 starts in a PROVIDE WAFER step 6, wherein a wafer 8 (Figure 5)
i ncl udi 4§ amaaKfagiurings an; itegiatgddrieauit dlG)oAmeee t Prokagd by(Fistigent!) onal
techni ques becRgiRYt88H-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 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 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



The ma%er 8 may be a six, eight or twelve-inch wafer. Separation zones, 15
gen \@IIy known as scribe lines 11 that are typically nore than 50 m crons
wi\gdel\ separate the dies 10. Each die 10 has nmultiple bond pads or
1%0 nection pads 14 (Figure 6) on a first active surface 12 of the die 10.
hese connection pads 14 are electrically connected to an el ectronic
circuitry (not shown) forned 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 tshbstraée?® WBind Oire7pdding eqethnde Thenwire Ipormse 88 sareofcamEORM

SUBSTRATE 4 t bstrate,9 cessed
W th Connei?o%@ﬁeegfa&g?’?gg{@gmgzgggi'crg%p ‘?q‘f% \lngr%n g’r‘?ﬁHﬁ‘?ﬂ?rﬁgeg?%rﬂ r%?)m the die
pad 14 of tishownrist Figures 38. ditheSe \B/Ia@ltﬂ:]nﬁbezzmuebefefoanwnﬁsurm gﬁ?eds to a
f t DIE ATTACH,s i Vi ro er are
rIeInS)ved and CSP\éerﬁlppﬁlﬁﬁéﬂ'I"ﬂ% lngh gﬁg‘g‘f’&ﬁ‘ﬂ@ /dcgappﬁr 6U$8r g% é’HwaEﬁ/\%O"Qe&ross
cht 6 8285 #mzoqfrhé\@qdem 2 Chext ptd@eu@ft%g@ftamammM@a%pt%tdvl?eﬁ]r&mbétratte 9.

t ste S erein e connection
pad[s 14 Lf H%acéé}géézpa‘@ﬁ@@%'ﬁé‘i’rm?ch?thFBf@c?‘étB’et riage 1607irbe digsh 10884 13 of
Doc. No.: P}(Qp&dfie 6. Bilkhtd MbRiir |u§em wrefemmsdfdﬂm hefstelhsoidihg e bonds

22 are fornmed between correspondi ng connection pads 14 and conneCtion pads

13 as showdNfQr sEgER PEINtnY mﬁﬁ'@gé’ﬂﬂﬁ’ the %H€§UVZQCQ:9frih9é'r9{t(§M¢etﬁ efidheg any
convent | onaid §6 ARG iy a8 Gl Uk 4 oEORIRG tarsqepugg%% ¢ bonder.

5 [0020] The sequence 2 next procee s to D st ereln a
nol di ng 1€ onmsbawel tlzetsue‘acfeaorréhecﬁnsttm@e 46t ofvibe glie Baged Iuestc;aﬁdez né afitbe 10 and

substrate 98u§§{FJ?e§ s o o R thgmdlﬁﬁcgﬁg&?ﬁé ?habl y formed by transfer

nol ding an screen pri e entire surface of the first
side 16 of (0R21]dhe negt sted is |G|§|tNQ;|P(ND POLISHtstep #8bsuhergie t9e avaddingli ng to

step 46. F BkBolty TeNONSs (RS IR Br Honbi 1 'bosd e Hirboh® die 8

and first si
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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substrate 9 covered by the nol ding conpound 24. [0021] The next step is

GRI ND AND POLI SH step 48, wherein the nolding conpound |ayer 24 is?gﬂionr{gd‘/(
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 l|layer 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 termnals 26 are coated
and or plated with conductive materials 28 to increase the thickness and
surface area of the conductor terninal pad. The cross section schematic at
Fig 7D shows the electrical 20 conduction path between term nal pad 28 on
the front sistisking thé assmmbled sgbsirades anddiessiedicallysapshowe irs bigsth angd 9.

[ 0023] Pref \?Eabl y, the sequence 2 next proceeds to ATTACH SECOND

SUBSTRATE, erein firstly, 34 a second substrate, step 52 that is
processed s{0024hNexktp dftee ther attachuiesit reft the33ecdnd fsabsteate Nigyst Sgs tH® to st eps

50 of 25 th 2.sh ' Fig. 4 1 | i.ded.. El ectri |
conduct i ve FXBORE Gnepd Bidk: 3P o afie skesh B o 1FF et SbaleBrS e 11 ot
substrat g 9pretesedtd FORMISOLDER BOMRS)Rés 58 for eietdricilly @bnhértingeseond si de

f th trate 9 wth t to the wire bond terni ds 28
of the TirSoiackGdeuien f tnfr obterl el uecrabl poatdu Rl v kb 188 bot h t he

substrates @mbbqrmmm@nﬂv@ﬁﬁdm stack 30 connections between first and second

substrates hown in Fig._ 7E. The, above procedure may be repeated to
satisty the 00707 6% SERHENFELR MBAINSNISIA SEbARAHDOURS SIOR SRCHPRE he

assenbl ed_ sysis(Bitpite 30T 9o shibild Hedto SHAS BMisFiigod iGN 1hd G [0024]
Next, after the attachnent of the second substrate |ayer 34, the exposed
connect i18n paRRIABEN bBres plesubstaied siotishawn imther embedigebt of mventipate 5
DSk o B B SN R Bt Rl BT g 49, L
enbodi nent &fbstrajennpbrshown). 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 same
15 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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sups te 9 with the assenbl ed device layers 8 is diced along the 10
tion lines of substrate 9 not shown in the enbodi ment of invention,

roduce individualized |IC stacked package devices 4 ready for nounting
on a substrate (not shown). Figure 71 shows two resultant individualized
| C stacked package devices 4. [0026] The dies of a stacked-die |IC package
device 4 may be of the sane 15 function or of different functions. An
exanpl e of a stacked-die I C device ha%ing dies of different functions
i ncludes a processor die, a nenory die and an inmage sensor die in a
st acked conf{0028] Alsbordvantpgealstye thesyseétbod i for aprquaicikggdhd JCPW@evibeyi ce.

dovi ces, suenpeLdiy gt Wb B, 8 dire slotliq SRR 1a0fs 688 cer ! ces.
such as m cpmoeekecteps amd:orrrpmtmhto:ﬂiatsgqnmd (ovEdi)r aram@ davidesceTheousti c

SA d 00271 Ad | t
o ot o eSS B 161 e o B 3HB8 s sgehhpiing atog: fof Sofir oo ¢ han
1t5 LI 395 t]pemplnge THe mbmodlaﬂ!so all%dw for mS%ﬁﬁemmn&irﬁpaMIabrew Wed in a
St acke conrli

ur at xanp| e, rease he functionglity of the
| C devi ce Wie't'% ‘Fleh'ggnj@agl éﬁaq f?ge SPLS’@{ °'°I'ﬁ8 a8h 1 YRGB ouhRE | ayers of
the | C devi aRtRdd G FRYDIS andUiRisaRiddfable %H n?a?ﬁ.l\‘éé‘ﬁjrﬁigr bRAARUAf afg di  and
therefore provides a better seal of the die than in prior art devices.

Mor eover, t BePRESA@ViERI sTr@afﬁe@@dafH'ﬁ'%ﬁfg%'QWSaf@E:@lffﬂlf\ﬂgOfﬂBte@fﬂt?ﬂ passiespackage
CSP) pi tch n i mountin
'Ehe ?Cp Houi géecrtﬁgs gé”szél}%ﬂét (rééo‘lﬁaecﬁtbnls ar{E%ﬁﬂété}s op tﬁé”nrst %98 E?%gb?rgﬁ%??ﬁ g
advant ag@ou8l spbstrates msion & assﬁmt@lmduktﬁ ﬁ@ tTHP@ meir@é\ﬂltceallow%ﬁ@@pacm y one
with a mltbaigidiBeniR ibutbBEkeloF BOiR OURaIP Bend iRt R3s| eSS process

st eps as conpare requir or prior evi ces. The
Although the present invention is described as implemented in the above-

[0025@é sequence 2 finally ends in a SEPARATE DIES step 60, wherein the

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.

Doc. No.: P100048



met hod allows for the use of a | owcost screen printing method for %Zlﬁggdy
bunpi ng. The nmethod also allows for the use of the commonl y-avail abl I gh
eutectic, high lead and | ead-free sol der paste for sol der bunping. The
method is flexible and thus nodifiable for manufacturing alum num and
copper device. The nethod further allows for form ng of integrated

passi ves, such as resistors, capacitors and inductors, on the first and or
second side of 10 a substrates prior to assenbling with die. The net hod

al so allows fine pitch bunping for hi8h input-output (10) count, optically
sensitive devices Al though the present invention is described as

i mpl emrent edGLAIMBe above- descri bed enbodi ments, it is not to be construed
to be limted as such. For exanple, the nethod can al so be used to

manuf acture inductor coils for high 15 Q radio frequency (RF)

applications. |Inldaich a case, each substrate is fornmed to include one or
nore turns of a coil and several of such substrates are interconnected as
described to formthe conplete coil. Doc. No.: P100048 9 CLAIMS | claim 5
1. A metBod1of nAnNuktodUsH M@anafaciuihg triregraisceirduit((1C) sBicRadackagkage

devi ce conpr,i si ng: BthLding a first wafer including a plurality of dies
separ at ed fPSWFeEﬂ@ B¥P4r ati on zone, each of the plurality of dies

i ncl udi ng connecti on prB@dMmgefirt WéfestncmtdgV@Pm'raiw 6f diéd e shirated ¥foni enovi ng
wafer material froma second si Posme he f side, to thin the

de, . s
waf er or dies; fGEnieRgratiopzang ngh 8? heaHeadty, erﬂ'lﬁéib%ﬁ‘g‘ poryteciorie of a

substrate al ongpddieors§ st AL sid@BEMe didie plurality of bond pads
corresponding to the connection pads of the die; 15 forming routers that

el ectri d8l 1y connect reRwvingrwafesimpteria frpse 8 errond side, opposite the first
side, to thin the wafer or dies;

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,

Doc. No.: P100048



pads to route the connection pads to second side of the substrate; formng
contacts o the second side of the substrate, the contacts being '
eIectrlc connected to the routers in the first side of the substrate

t her epy Iectrlcally connect with the connection pads of 20 the die on the
firsp 5|de die attaching the individual dies to the first side of the
su3$trate by means of conductive and or non conductive polyneric

materials. wre bonding the correspondi ng bond pads between the

i ndi vi dual die and substrate. 25 Encap&ul ating and or nolding the first
side of the substrate. separating the substrates along the separation
zones to produce i ndaemodinglportihspefcthe gaolding compmuhd @ thiifrst side oés as an

| C package devi t C [ 00048 10
removi ng-por t 1 oritestoetrde BEIdiRH BT Ml bibtiocR' Piekop g bty boidhe
substrate by gritedninglsor polishing nethods to expose the wire bond
termnals. depositing, _conductive n€ater| at g osed wre gonqci 5
termnals either by ERP?! @g f)orquf‘ \ﬁag B? eH 080 he %Pgﬁg%e\gge ON% net hod
accordi ng to O aefmihals\wWipeebyplatieg, qeinte brarﬁy OeutivgProdess. second side of
the substrage are COFB(?d W t h e'oﬁét“ ca conductive materjal for

reliabl e coAnectf SREYOYF RECOrFINgalo eiaHB #igi thg copnestignnpags oméhei n t he

second si desgdontihgide 39tt%'&?és&r@féfafescéélé@%thf@é&ﬁébﬁyoccﬁﬂ\ﬁéﬂ'vet Rateplagct ri cal
router conductor lines. 5. A nethod according to claim4, wherein portions

of the sol dfr refiable egannegtigh j§¢ond si de of the substrate is renoved to
expose the Qonneﬁtﬂn@fﬁogoa&or&ﬂgstootlaﬁlhe3S‘mt%ffélﬁttﬁe SacofdEHBOGF @tgording to

claim1l, wherein a conductive Coatin
10 substrate is solder masked to cover the electrlcal 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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15 an-isotropic conductive filmor paste or any other conductive nat Zé’([@j](gq
are deposited over the exposed wire bond ternmnals on the first sidé& af

the first substrate. aligning the wire bond term nal 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
t he second side of the second substrate to the first side wire bond

term nal pads of the first substrat e.1125 repeati ng the above procedure

wi th other substrates to achieve desired vertical stack layers. and

form ng sol 8er bAmmsthod eccotdngetqpCiadd t dutthert somprigitg psaidingl at deasde

ceparating Prs TiSmeite sbalas Wik fhded sl e el g BB Al i ce. "o
No.: P100048ecdht stibsthateet hod according to Claim1, further conprising

providing at |east one internedi ate substrate int erconnect ed between the
first substrate and the second substrate. Doc. No.: P100048
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