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w( 2@80342The present invention rel ates general | BCT/US2004/032451
sem conduct or packaging, and 5 specifically to power
and signal routing to sem conductor dies. BACKGROUND
[ 3RTHODLEIDA PPARATUS FORA BUALNUBSPRAIVPACKAGE
m croprocessors, are becomng increasingly conplex.

M croprocessors are requiring increasingly nore power
as they 10 becone nore conplex. M croprocessors are
FIEGDOQF THLINVENEBIONt i onal signal inputs to facilitate
their increased processing capability. A sem conductor

[ooop]a«pK@ﬂ%saﬁynvéﬁﬁo@rem@cgeﬁa@l@ ub&&me&ﬁiumr gedida gﬁfﬁewr

froma power supply and signals fron1out3|de t

specHREHPAE Ardn I S AIDAME! BlecliBraduiagikage substrate is

con e sem-conduct or 0 increase the

di stribution area of signals noving to and fromthe

sem conductor die. 15 Two current nethods for

connecting a package substrate to a sem conductor die
BAGI{e wi re bond nol ded matrix array package (VB

-MVAP) and a flip chip nolded matrix array package

[OOOZ]Fd)qtR,gnat%ﬂ cife0BOETs FamLespedially miareproatsesys sre becoming

sem conduct or die coupled to a package substrate using

incre@singllyrcomploxd Nitrdpdcembis iare @it Pastagel MBrd\Bddd as they
The package 10 includes a 20 sen1conductor die 12,

becoRdGHord SoRpBxC NRFPEERSRFs arB akb'r é’dcﬁ'f‘?dﬂta[ { g% I Cil}ﬁl?s to

an appli cat I on speC| fic integra ed Clrcul
u

nen e TRIHEH s HAREN? S SShBhdramshemvarces

S|gn s fro e substrate 14. us severa
packgsRIONFHE 10 @%We gwgn HPPEEr SHpPlyrag t%atsaf?qw opisisisdre

or alum numand allow el ectrical comunication
packpge tpassmicpnduear dipe Ameekaggsubsitais is gpanepiedasitiythe semisonductor

devi ce side of the sem conductor die 12. The package
die td ihciepsethe mésttidionarearof signals moving to and from the semiconductor die.
Two current methods for connecting a package substrate to a semiconductor die include a
wire bond molded matrix array package (WB-MMAP) and a flip chip molded matrix array
package (FC-MMAP).
[0003] Figure 1A illustrates a semiconductor die coupled to a package substrate using a
wire bond molded matrix array package (WB-MMAP). The package 10 includes a
semiconductor die 12, such as a microprocessor, a chipset, a memory device, an
application specific integrated circuit (ASIC), etc., mounted on a package substrate 14.
The semiconductor die 12 transmits signals to and receives signals from the package
substrate 14 using several bond wires 16. The bond wires 16 are typically copper or

aluminum and allow electrical communication between pads on the package substrate 14

and the device side of the semiconductor die 12. The package 10 is connected to an
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1 WD 2005/ 034203 PCT/ US2004/ 032451 external conponent
t hrough i nterconnect devices 18, which may be Ball
w@xiodoanony (BGA) interconnects such as sol deprChEb1084/032451
and netal filled polyners, Pin Gid Array (P&
i nterconnects such as pins, Land Gid Array (LGA)
extetnal €IraEUHRACTHEUEHGReRBNARDESvic RIS, whitd mdll & BA1 88 Aend
wires 16 are encapsulated in a nolding nateri ]a| F_20,
. FlQur e
(BGRYFlPenResRIoNs s oI PERNERY SRR %f@?ﬁy‘}rb‘%ﬁ% (o)
. EC-MVAP).. . The a substrate 30 includes
interb e T o o B0 STEEATY B R estconsliis S8 s Jandpre. The
. .sem. conductor die 32 is connected wth the package
die @@aéﬁwag &iteg 16 greongapssiterbin aynpidingavaterighi?Os fucheay ahepoxy, to
controll ed col | apse chip connection (C4) or other
prevedisgmegeve bunps. The 10 sol der bunps 36 are formed on
pads on the active or device side of the sem conductor
[0004]] Piguse 1Bdflastartdsheflip e hipaaoidyd frafriCirfaypackseeNPEIVBIA P The
t he package substrate 34. The C4 bunps 36 are

packEENGHBSHrhtY 80 HRe16 M3t shitfootl8Ydi6EdiS BGn®h pﬁﬁ{;ﬁﬁe tSlhbeStrat The

sk e 34,
sem conductor die 32 can conmrunicate w package

: . [ | s that ar r lin 0 an
semiSHRLERLR s odlaToO0M e 220edbRebiGRuhiNeh Sufthnos 36,
. package substrate 34 and out of the package 15 using
whicll g, it canisgfleg ol ienchify pennential (A Ge Biherev et edmmiy The
be solder balls or netal filled polyners, such as BGA
soldqr hugipg 3hmee fosmepanpadst ey the astivstas dewipe sidF b theisemB@nitwctor die
encapsulated in a nolding naterial 40, such as an
32 befpexthis s¢rvicpndncentdicthgrouni@Ddibhe backapge sustridel34s tThat@s
a typical package substrate. The package substrate 50

bumy 36vire @8nductié §ethatdhedAetite §iids bf {HRYERiOhaNAbSdié BOR
die, as well as providing physical 20 protection for

cont e uTHE pRASKESRSFHE 3T 18 Bl WL SR EIoa o e
nal trayel thin the te, 50, .and

semi%’cﬁ%lh%ﬁ%rg lﬁieezoj?l%ﬁe oy roug},l\'ithe package su%s%?a é 54‘? and out’'of ?he package
using the interconnects 38. The interconnect devices 38 may be solder balls or metal filled
polymers, such as BGA interconnects, PGA interconnects, etc. The die 32 is encapsulated
in a molding material 40, such as an epoxy, to prevent damage.

[0005] Figure 1C illustrates a typical package substrate. The package substrate 50
provides a larger area to distribute signals from a die, as well as providing physical
protection for the die. The package substrate 50 includes several vias 52 and planes 54.
The vias 52 facilitate vertical signal travel within the substrate 50, and the planes 54 allow
horizontal travel within the substrate 50. The vias 52 can connect with the bond wires 16
or the solder bumps 36. The bottom of the vias 52 can connect to the interconnects 18 or

38. Figure 1D illustrates a bottom view of the package substrate 50. As can be seen in

Figure 1D, the bottom of the vias 52 are spread throughout the surface of the package
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hori zontal travel within the substrate 50. The vias 52
can connect with the bond wires 16 or the sol der
wheoops36 The bottom of the vias 52 can connekRCT/US20041¢32451
i nterconnects 18 or 38. Figure 1D illustrates a
bottom vi ew of the package substrate 50. As can be

substREESD. | A téScdtipdtifa8e Hdstrh R S0RRAY BAE séveeal YhAsarkPviad §2. A top
spread throughout the surface of the package 2 WO

o SRSk B Bl i
) [ . db
the cfgti g REibad L PRA" THETRREEABET e CONFSRm to- the

connection nethod (w rebond or fljp chi :29 and the, size
[0006) Nevres 1G5 ehat fegve rosepRIyer|atd n@tﬁaﬁlgfl@o}a‘ieF NRgE M3y Raye
and nore signal interconnects may have 5 exhausted the
exhavsgydahe tapaotty af ssingle paghagk agestreislsuch ag the paciaga substrates 14, 34,
package substrates 14, 34, and 50 above. As a result,

and 50RBBvAISAE résul] Wigineusiickage padkape aistriwfoppovesr aaddignal
signal distribution, the single package substrate may

distribitfnt tHeQ?ng?@E&:@aég subfBat ﬁﬁ?@fnﬁ@ﬂlﬁ spatdtdTeke prokBsor. IFurther,

I ncreased Tesistance caused by the relatively small
._anu f n i ' ' '
the in R s Y PR oY% R Py P B P B R
. Qperati.ng 10 te ratures. BRI EF.DESCRI.PTI ON O THE
availahlouy NESTH! DBERES BRRSHFIE T 4119 SRR O ERERPERBct or
di e coupled to a package substrate using a wre bond
temperatugksd matri x array package (WB- MVAP). 15 [0008]
Figure 1B illustrates a flip chip nolded natrix array

package (FC-MVAP). [0009] Figure 1Cillustrates a
typi cal package substrate. [0010] Figure 1D

LI DESCRIFESION 0t THD BRAWINGS package substrate.
[0011] Figure 2A illustrates a dual substrate

[000A LN Gl REraRE KR o ARRBS Hid CoupRedlB & pabEREubSRte using a
wire bond molded matrix array package (WB-MMAP).
[0008] Figure 1B illustrates a flip chip molded matrix array package (FC-MMADP).
[0009] Figure 1C illustrates a typical package substrate.
[0010] Figure 1D illustrates a bottom view of a package substrate.
[0011] Figure 2A illustrates a dual substrate semiconductor package according to one
embodiment.
[0012] Figure 2B illustrates an overhead view of the package.
[0013] Figure 3 illustrates a process of forming a dual substrate semiconductor package.
[0014] Figure 4A illustrates a processed semiconductor wafer having an active device
side.

[0015] Figure 4B illustrates a wafer that has been thinned.

[0016] Figure 4C illustrates a wafer having through vias formed in it.
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20 [0012] Figure 2B illustrates an overhead vi ew of
t he package. [0013] Figure 3 illustrates a process of

wo 200803208 dual substrate sem conduct or packagRCT/US2004/032451
[0014] Figure 4A illustrates a processed sem conduct or
waf er having an active device side. [0015] Figure 4B

[0017"1!Figl§.teraﬂi BfusRateih YafdrhavinfasndreRe bithpned. 25 [ 0016]
igure 4Cillustrates a wafer having through vias

[0015{] %ﬁ]‘% @gi&‘rsréatgs[) i lafeQ QREA348 Qéve'?&}é@%ﬁwt%éé 1

ustrates a wa havi ng conductive

o1 4B bRk AT el Syl ShpitaB bl
illustrates an underfill material dispensed onto
[00203 sl G lbsirpiss & semicougusforrdicureatiselied io g kgesubstrate.

sem conductor die and attached to a package substrate.
[00219 Hif@2MH Hiwgtees 4 senlchuditctertds hayisgfipobipownpy pritited on its

having flip chip bunps printed on its backside.
backdid@®D22] Figure 41 shows a sem conductor package having

solder balls on a frontside substrate. [0023] Figure

[oozzﬂ,;akt‘i' he tsgaév?% sém %Hh&c@&gﬁeﬁége lﬂj[vfglé'@@wef‘lgallé%ed i{r(éﬂtkide

ria I spense 10 thereon. 24] Figure 4
SubsiIIustrates a sem conduct or package having a backsi de
Wihstrate attached. [0025] Figure 4L illustrates an
i_nverted_semn conduct or e, havin

¢ ack BGA ball s ..

(0023 Figape TE5txpis02 89miepBlRiorats Pt yiisr Soma e iohlisheged

package assenbly. DETAI LED DESCRI PTI ON
thereon.
[0024] Figure 4K illustrates a semiconductor package having a backside substrate
attached.
[0025] Figure 4L illustrates an inverted semiconductor package having BGA balls
attached.

[0026] Figure 4M illustrates a finished package assembly.

DETAILED DESCRIPTION

[0027] Described herein is a method and apparatus for a dual substrate package design.
In the following description, numerous specific details are set forth. However, it is
understood that embodiments may be practiced without these specific details. For
example, well known equivalent materials may be substituted in place of those described
herein, and similarly, well known equivalent techniques may be substituted in place of the
particular semiconductor processing techniques disclosed. In other instances, well known
structures and techniques have not been shown in detail in order not to obscure the

understanding of this description.
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[0027] Described herein is a nethod and apparatus for

a dual substrate package design. In the follow ng
wa@le®sns4203 on, nunerous specific details are sepCT/U81004/032451

However, it is 20 understood that enbodi nents may be

practiced wi thout these specific details. For

[0028% 20ERbRIing/® dn dADATMERWYE MR REEnRV&ltod! £ dﬂﬁ%u@ﬁrate a%agkage

substituted in place of those described ereln,

oo BB Yok ST, SRl S5 DT B pic

. processi ng, techni gues di scl.osed. | n, other instances,..
die Y EERR RSB ERT Bl B8 ionhtied i semigaryiion die
shown in detail in order not to obscure the 25 .
Thr%ggéwtaa%@rﬁe iy thebaplsideenf the somriegndugtondiezo dompsarmegtions
PCT/ US2004/ 032451 [0028] According to an enbodi nent
betwsen thesctive entsiderof ¢lmt dioand the dinstipaskdps tsnbatetep dfieageond

design is disclosed. A first package substrate is

packapé autiiardtetioattachad kspadie copled BeIii¢OREAQ N tHi FPordide of the die.
second package substrate is attached to a frontside of

The 'gt’sﬁ aB@ R RAD BHALBE slishrates 1ATBHIBA ¥ Shdifer RAHEDbbihtt BAls.

acksi de of the sem conductor die to form connecti ons

] ' fr.0 ide.of the die and the
[0025] BEEIA, AG-AE L Sy %Psﬂ%ﬁ%5efglges%cwfa%ﬁ%?feacg%@a&tﬁtoae
i s. atfached.to, pads coupl .t ctive elenments in the
ebp gt 8 icopalite necRat0 inchudes ysamicopgirior iy baving an
substrates are coupled to each other with substrate
activggidesl 04. [The zemiqonduater dip192 may be ferewddraiu alsingleerystalt silicon or
sem conduct or package according to one enbodinment. A
othessemicaniiomr subshatek dde atie didec] (Mdemtanshasanicdndictsr ddvRes
102 having an 10 active side 104. The sem conduct or

that gérfordBe BP¥raliens SMABIC.f TIRIAAVS (1dePice) 8l 8d4 B fbhﬁﬁfhs‘ﬁ{g

ot her sem conductor substrate. The active side 10

_ . . . . h ; '
G R NSO SN R S TA B
usi i, ous,. wel. wn sem conduct ar

s TR R e D, RO LRSSy, et
s croacioes SinailaR cBRSH Brace e Yo BHSh shipscts, memory
devices, application specific integrated circuits (ASICs), etc. The active side 104 may also
include metallization, such as interconnects, which is coupled with bond pads formed on
its surface to create external connections.

[0030] The semiconductor die 102 has a backside 106 having several through vias 108
formed therein. The through vias 108 allow for an electrical connection on the backside of
the die 102 with the active device side of the die 104. The through vias 108 may be
formed by first thinning the die 102. A semiconductor die 102 typically requires a
thickness of between 700 and 800 pum to facilitate the processing steps of creating the

active side 104. In order to create connections with the active side of the die 104 through

the backside of the die, the die may be thinned to a thickness of approximately 75-175 pm
5



10

15

20

25

15 transistors, capacitors, etc. used in centra

processing units (CPUs), chipsets, nenmory devices,
wa@ppsiozand on specific integrated circuits (ASIES)USBI©032451

The active side 104 may also include netallization,

such as interconnects, which is coupled wth bond pads

using2U20R Grifffing] dpfn &bliih @GR elnab iedlismicak pelishirlg (CDMPeaid etns.
[ 0030] The sém conductor die 102 has a backsi de 106

havi rah :t RE i TRGEHAGT 6 esvn
proce?ﬁr%{é‘%htﬁgl}ﬂ%s@f?%ﬂﬁ%@égvhtvhgg@%%pgﬁig?gri&%al 8 onnelg}{ z:ﬁ%)yn on
t he .backsi 0 t.he .di g AR i) ] -
techniglg dnghdioh & dgtireagie iah b R oAb helfs REHAGEe o i1
formed by first thinning the die 102. A sem conductor
the befe avithopcangdpetéve materid SUFlk #CORPER hi ckness of bet ween 700
and 800 gmto facilitate the processing steps of
[0031] rlationgedtldevicexct i0veze siuptedroith therthrpugh wias 605 feeregie an
connections with the active side of the die 104
electidal esfecRén Witk abacksidedmckdgetshistriee] 10. HEhethaeksideypdsage
thinned to a thickness of approximately 75-175 m5 WD
substélg@ 3l ggé&ﬁggﬁ B@gﬁ%ﬁ% QR Bt coisiubEv@liRaGkaitibledi defiver

In I ng, em cal nechani cal polishing (CW), and
etc r SS,. ' ' i .
poucf g DL UGB 18 5, B0 0, gt v

i ncl udi ng a deep r. ' [ tch (R f
114 5 ey Wsmﬁhaﬁwﬂf%? q 15 ot e foewets Td R Be”
materi a . 5 [0031 [
connaondavea it dation S48 HHeolth SRRESr doa Pang ey erade
el ectrical connection with a backsi de package

g
packsuthsibstadte 1 16 OTheTinerdmmoka ideeicgraliteayd 1 1$unast beatlip ahip splder
added to increase the nunber of conductive |ines

bumsath aPCentkdlicdtdIMBEe Clip\@dhnéc (Chiporditkerifiercantictd The
transport signals to and fromthe die 102.

. I n (o i : '

e SRR G el S shpechar gy o
connectj on t he devi ide 104 of th

bum g O NS SOBTRG t ho frontside

[0032] Underfill layers 118 and 120 provide insulation and protection for the

interconnects 110 and 114. The underfill layers 118 and 120 also create adhesion between
the package substrates 112 and 116 and the semiconductor die 102. The substrate balls
122 allow for communication between the backside package substrate 112 and the
frontside package substrate 116. The substrate balls 122 ring the package substrates 112
and 116, and allow for communication between the two. This is shown in Figure 2B.
Figure 2B illustrates an overhead view of the package 100. The packagé 100 is shown
with the backside substrate 112 removed. As can be seen, the substrate balls 122 ring the
edge of the package substrate 116 and couple with pads on the package substrate 116.
[0033] Figure 3 illustrates a process of forming a dual substrate semiconductor package.

Figures 4A through 4M illustrate the process described in Figure 3. Process 200 starts in
6
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package substrate 116. The interconnect devices 110
and 114 may be, flip chip solder bunps such as
w@eovsoad2bed Col | apse Chip Connect (C4) or ot hePCT/US2004/032451
i nterconnects. The interconnect devices 110 and 114
may be formed by stencil printing, electroplating,
start B1bak020 UM, 208 1 sehfiendiebl whapisprodddtdi Bigase 44 Sllustrates a
[0032] Underfill Iayers 118 and 120 provide insul ation

proceggr%g g%ﬁoﬁ&ﬁﬁd‘c%e{@f 36 giéne‘fcﬁ% B&ALSside Sopnth 2 B4tksiib806.

ayers 11 20 al so create adhesion

e SRk GG L PB4 e

aor conmunication between the bac .
createyGisaiis Aeh GG Aert ML REHOSH 4B poREiauiee SUBapd it formed
116. The substrate balls 122 ring the ckage
usingsydbkltnostnetschimiqueg @ndipepcesses. Hirbag $1@¢/\?>Q£‘i10€éélﬁﬁmﬂf@ﬁtapﬁ Active
between the two. This is shown in Figure 2B. Figure
elemedy, ahd tiRtdfateran da nwdefiddewithoni effeaingttiefupathmdiey dbe IC. The
The package 100 is showmn wth the backside substrate
waferl362 Ha 'ﬁﬁ\ﬁﬁgal tﬁﬁkﬁ@@ oPBetHReN 700 11 000 5h vk dabddméridn order
ring the edge of the package substrate 116 and coupl e

1Df@%wﬁﬁIﬁggﬁ%?QO%ESWBﬁgkage substrate 116. [0033] Figure

S a process of formng a dual substrate

oosq %@é’ KB B @P%rﬁ}@gg%th&gg@@'ﬁ%ﬁ%t%@&?f§%§%% Boean

starts in 6 WO 2005/034203 PCT/ US2004/ 032451 start
ﬂlustr@re@ eRvaton302 fathag SRop g ds Sy baskadenls ofhdearatps302 may be

provided. Figure 4A illustrates a processed
thinnsewiing fouetompleyabeck SHrdihgspimgtehing SINP candesit. peocsby eSince
304 and a backside 306. The device side 304 contains

all of SRNAERB QUsicdls (TeNd BRFoprocesysh or@titer A0 aresdontdned in the device
resistors, etc. to create circuits for a CPU,

side 3@3{' ﬂl% cksitR 566 dﬁﬁ@ﬁf)ifer 8bE canEhARNH GethhctE 3ty the

5 u3|ng wel | known techni ques and processes.

s R £ 000 T e

side 3%f4foef%1tlel vggfer t3182 El%ge%tté the f{gl de 3t 06t ohﬁhe wafer 982 in order to facilitate

the through vias. The wafer 302 is thinned to a thickness of 75-175um in one
embodiment.

[0035] In block 208, through vias are bored and metallized. Figure 4C illustrates a wafer
302 having through vias 308 formed in it. The through vias 308 provide an electrical
connection between the backside 306 and the active or device side 304. The through vias
308 may be formed using a reactive ion etch (RIE) or other appropriate process. The
through vias 308 are formed by first masking and then boring through the backside of the
wafer 302 to provide a channel to the semiconductor devices in the active layer 304. The
channel may connect with the first metal layer in the active side 304. In another

embodiment, the channel may connect with the surface of the active side of the die. Once
7
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waf er 302 has an initial thickness of between 700 and
800 min one enbodinent in order to facilitate
wee@seseing of the wafer. [0034] In bl ock 206, PCTES2004/032451
wafer 302 is thinned to facilitate a through via.
Figure 4B 10 illustrates a wafer 302 that has been
a botdis igratd 13 fevilaehsd tieoudd&inod, AR MAfugh vaPR I BYndlized in order
thinned using, for exanple, a back grinding, S?Ln
i | 0 e.
o ¢ AR e R S Bl 4B 366 gfhc{eeglcle g of
{1 i.n_the devi.ce .side 304, the backsi X o]
the R Tl obhe iRy e s el Ao g PR Erer g such as
functionality of the IC. In one enbodi nent, the wafer
electé‘ﬁgati% glestplassiiating fg Arronductiveanataal sheleass@pperfortalieninum
waf er 302 cl oser to the backside 306 of the wafer 302
is depesiige dre thethoré uiing the plasingtphecesd roditie thioagh viBa08viaf@med.
302 is thinned to a thickness of 75-175min one
[0036philbeiet, thd BEBS]delof Y wakr 20Bis philérAL@WithifAS cRipPads and is
bored and netallized. Figure 4C illustrates a wafer

bumpdR I"lgﬁi"enﬂ) SINfsRHEH a \Wals h%@i%ggcl@ﬁcmégvé Buthbs. . %-IE[? gﬁelp &gfgs%ﬂe

vias 308 provide an electri 20 connecti

o BASKEY 05390 05 DRSS g Pl e
s g E D sl o e R DA 301 B Bt sy v
bori ng through the backside of the wafer 302 to

soldes 0p thgecepdupaymaimpss 10 meayshapationed ondhe pralsi dibs bumps BEO are
active layer 304. The channel nmay connect with the

condfi¢tivstantetmbonmmyicthe padst el thetefore tis sdmiGMiucton dévigdsherthe
25 enbodi ment, the channel nmay connect with the

outsigeof the erafcohetaGid e 02 dieYuniph 8 10/csh b&Mfsifed ¥ the flip chip
2005/ 034203 PCT/ US2004/ 032451 a bore is forned to

s T e A
The @%%ggkg%rf l?ee&x\%re gthgrhﬁip%ﬁﬁ) Sulngpes. 306 and the device

[0037] In block 212, the wafer 302 is diced. Figure 4E illustrates a wafer diced into
several semiconductor dies. The wafer 302 may be diced, or singulated, into several
semiconductor dies 312. The semiconductor dies 312 contain the semiconductor elements
required for a single integrated circuit or microprocessor. The wafer 302 typically
contains several dozen or more semiconductor dies 312. In order to form individual ICs,
the dies 312 are diced, or singulated, from the larger wafer 302 using a wafer saw, laser,
etc. After singualtion, several semiconductor dies 312 are formed.

[0038] In order to distribute signals and power to and from a semiconductor die, a package
substrate is typically used. As described above, package substrates comprise several

conductive lines, and can distribute signals from the bumps 310 to outside the

semiconductor die 312. The package substrate can spread the power and signals out to a
8
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the wafer 302. The through via 308 may be netallized
using a plating technique such as electroplating,
web@spsabess plating, etc. A conductive nateriBCT/E81904/032451
as copper or alumnumb5 is deposited in the bore using
the plating process, and the through via 308 is
largdrardmtan the @B@Aondictéd @6 B12dkbonipassel.” RIdlo&E SRt gﬁ uh&fill
wafer 302 is patterned with f||p chip pads an

matePidMRWspeicdWro é@oh st ﬁ‘@eféﬁf i1N8¥4189 1 underfill material
bt el

conductlve bunps. Flip c are or med

: h
aispGLd B0 2 s Bl &eniw“ﬁw %pa% SRR b disedute
n . the front side 304. Once the pads have been

POWWPH&%H%O 2B fem tB? fignher 2¢Rditei0f of ermsmicanguetay die 312.
patterned on the pads. The bunps 310 are conductive

An uaderfill gnatedal3d 6t such @s padeoxyaisdlisttibuted onte thdpackage substrate 314.
sem conductor devices, to the outside of the

The srlerfilbnriteriab8 | ednerdhdRahe Sdngicontiip®r dik® 1088 tikepackage substrate
deposited on the flip chip pads using a stencil

314 Brwéll aWectBEABEANIR ddrowitig ﬁb&g&idﬁ%%&{ 8%‘1@)@ 3 10, The

wel | - known process. ~ Thé bunp

undef‘ﬁll B’]I,C?C e é&l%}’%ﬁ?&gt tilg bhﬁﬁ?ﬂo }" m thggé\:%%%?f t&fegi rpl?hc(c_}eé‘%lents

seni waf er. 302 may
of fh%'g%:iaxpagﬁwg.@ﬁﬁf 468 dlqdiﬁoanéé@%\vas Whila oRa Hepadimgne he
The, sem conductor dies 312 contain the
undegféﬁme@ﬁah% ki adyoetlawy paderfid austerésd thabis depesitedlon the substrate 314
integrated circuit or mcroprocessor. The wafer 302
before yhsi diaBILY is gtmhed. s alfemetivd erdbatiments, n@pélary or other underfill
sem conductor dies 312. In order to forn1|nd|V|dua

matetiflanayZbk dépesithdesfied i dié 81TisG@dchedlto HeGbitak€ s 4. flrl&%ver in
the | arger wafer 302 u5| ng a wafer saw, |aser, etc.

one eﬁ{Uoﬁfmeﬁit NgHAL HE Q8va er o ugg HleGRDA. tuﬂ&erﬂilqﬁatgr}aé b&ldtse it

formed. [0038] In or Istribute na
may %ﬁ{eﬂ d1§]|5] s% [hglﬂ]@a a{yslgglgﬁﬁg Lefc‘if:ﬁg)g) i %‘\Pgl,xelr .types of
bstrates conprlse several conductive |ines,
undm%ﬂdn@gﬁsﬂggPﬁ? dute signals fromthe bunps 310 to
tside the 25 sem conductor die 312. The package
[003951 G’é black2d 6ctha fioptsidecsubsieatpdlieis atached itgythal foond side 364 af e die

312 using a flip chip interconnect. Figure 4G illustrates a semiconductor die 312 attached
to a package substrate 314. The underfill material 316 adheres the semiconductor die 312
to the package substrate 314. The bumps, or interconnects 310 penetrate the underfill
material 316 until they contact pads on the package substrate 314. Using well known flip
chip interconnect methods, the interconnects 310 can be heated using a furnace or other
technique, to reflow the solder or other material to create a connection with the pads on the
package substrate 314. After the solder is reflowed, the interconnects 310 will cool and
form a connection between the bond pads on the semiconductor die 312 and the package

substrate 314 to facilitate power and signal distribution.
9
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WO 2005/ 034203 PCT/ US2004/ 032451 | arger area than the
sem conduct or die 312 enconpasses. In block 214, an
waeasns42bd material is di spensed onto a frontBCTES2004/032451
substrate. Figure 4F illustrates an underfill materia
di spensed onto a package substrate. The frontside
[004pp Tk Blvek 2URSip @hB biktps\hd prirlédén thRWabksiRAYRhe 8135 12. Figure
signals to and fromthe front, or active side 304|of
: j i . ial. .
ARG RANCVIRROhr e 12 havigR BB 215 BRREH o i1 pagiice
S ' The .underfi.ll. mater.ial 316, can re
306.7 RELEAIER ST ps o foe st B bR e g ﬁ%?534 o the
314, as Il as electrically isolating and providin
Semlﬁ%‘l%&lr}ﬁg# Yo rlntqﬁief&?ﬁi@e@\ffb@ thypugh wgmmw pf the @e@%ﬁnductor
al so protect the bunps 310 fromthe effects of the
die 3P finterconnectn engh asi fipchip bumps RéB e patiguastsimthe GETIE)idobf the
the die 312 and the bunps 310. In one enbodi nent, the
die 310. Thedli chip buatpe Bi SbreFlBtricalla cogpléd @whe agendt Vibs 308. The
material that is deposited on the substrate 314

flip @%Bﬁlﬁpi BER hinetherbBy brdalelc@GREMeonhBetfink ?Iroﬁ?fhie\ﬁ‘ﬁckside 306 to the
enbodi nents, a capillary or other underfil mat er1 al

devi dpgygﬁﬂgigkgﬁggfter the die 312 is attached to the

substrate wever, in one enbodinent, it may be

t s e the no-flow upderfill material
ro0afEHERBOF: Syols s 8 afives ot BPidiick nubsVat i 1Migpng 41
underfill. It is understood that other types of 15
showisaeprsqndugtay pagkage hwingsabstratobabB20rn senside substits 314.
frontside substrate 314 is attached to the front side
The gb4trage balie3 2l ean Bavidusi elgetacdllcopnastipp betwteen denfhedside
Figure 4G illustrates a sem conductor die 312 attached

substraie 319 ankagacksidestbsaiat: WBHidh willbe winetaidtied fo tHBpesliagh. 6
adheres the seniconductor die 312 to the package

substS4D BhI LR Iﬁéﬁhav-@”'aethlk&% 56 %r%?gpﬁgfﬁf g?% ﬁ%l?] ?tl?lﬂlelgR etl;/e thickness

penetrate the undert _
GRS\ BBl 50 L0 BRSAESE, OR300
comnighElo TR BT R B P o S BE s erHgp substate 314
(see Fr‘rl?gtule'é I21%)I Itnqchi%rv?a?ft, ?igr?alg gr?dn;o%st/eir(?:gn \1/3VIe tdQli\Eerr]eed tF(J)aagcsi froorr]n ‘Ehr;%ackside
substrate into the frontside substrate 314. In one embodiment, only the frontside substrate
314 will be electrically coupled to the outside of the package 300. Therefore, if the
backside substrate is not connected to the outside of the package 300, the substrate balls
320 can be added to deliver signals between the backside substrate and the frontside
substrate 314. In one embodiment, as can be seen in Figure 41, the substrate balls 320 are
substantially larger than the bumps 310 and 318. Therefore, even though there may be

fewer substrate balls 320, since they are larger they can deliver more current. In other

embodiments, the frontside substrate 314 and the backside substrate are electrically
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package substrate 314. After the solder is reflowed,
the interconnects 310 will cool and forma connection
wheddes203 he bond pads on the sem conduct or di BCBU20841082451

t he package 25 substrate 314 to facilitate power and

signal distribution. 9 WO 2005/ 034203
couplé’&?ﬂlhg%gl@é}ﬂa{tﬁ%%&%olo@fb@ﬁgkluhmétahq@érp&& .anfl laippn/@ftbweh hole

bunps~are printed on the backside of the die 312.
re 4H illustrates a sem conductor die 312 having

aﬁad??%% chip bunps 318 printed on its backside 306. The

o0 525 AR5 S e SPRBESS 80l

. order to connect the throu h vias ugf i de of

Figureedi iluyienirstagenicagiductgy gie i3|11 BAUEBE Hég‘i I mgierpl §§2 S}Spﬁnsed
chip bunps 318, are patterned on the back S|de of the

thereat, dnh2 embhdinfeni, phemdsrilimpterial 822isa netibew undefillynaterial
coupled to the through vias 308. The flip chip bunps

such asldh GRRy ! MBS eilerfll aateiabb2I; tike ciad uisrfilbombiecins3 f6 movidoe
back5|de 306 to the device side 304 of the die 312.

mech%rggzﬁ %Jeh RbRsKirefi8n ﬁ%’@tﬁ)ﬁa&ﬁ 19%‘1‘4)\%3 gﬁﬁ(agé AAROGIRN 1héhe

Strate |gure shows a

- coneBS AT éﬁBlgﬁ?f%@afg%iﬁﬁ%@?%Se&ﬁﬁ%%%‘?é@e“Eé LIRS

provide an el ectrical connecti e fro si de
backs RN A ORI SRR SRRt e ML RSP PIoTR

| ater added to the package. The substrate balls 320
dispenseya ¢raillarpon othemgeslost majspielboacdiebaskside syjishate has been

al t hough the thickness may vary dependi ng on the size
attaclefd. t he die 312, etc. The substrate balls 320 may be 15
connected to pads in the frontside substrate 314, and

[004321" iThlan ralt&%at‘é RenbtRRdS tHe fronRRlk lsabrateli 4 if sR&hEd guithe die 312
hi s way, S|gnals and power can be delivered

w1tho'i.19 Bﬂﬁg t}{ rﬁ%@eﬁ 1BGkPL Oftksi gé‘ Rttt 24ri§ udcBEd ev'itﬁ{?ﬁts’dsgx% the

n’one e Iment, only the frontsid
ErEIE TR X T AT .
attached, mold material can then be forced between the frontside 314 and backside 324
substrates to underfill both substrates in a single step.
[0044] In block 224, a backside substrate is placed on the package 300 and the flip chip
bumps 318 are reflowed to form backside interconnects. Figure 4K illustrates a
semiconductor package 300 having a backside substrate 324 attached. A backside
substrate 324 is placed on top of the package assembly 300. The backside substrate 324
distributes signal and power to and from the semiconductor die 312. The flip chip bumps
318 and the solder balls 320 are reflowed in order to create a connection between pads on
the backside substrate 324 and the respective bumps 318. The substrate balls 320 and the

flip chip bumps 310 and 318 are reflowed in a furnace to heat the metal and cause it to

11
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backsi de substrate is not connected to the outside of

t he package 300, the substrate balls 20 320 can be
w@dwen3«aes del i ver signal s between the backsi dePCT/US2004/032451

substrate and the frontside substrate 314. In one

enbodi nent, as can be seen in Figure 41, the substrate

boncpt% aﬁs %%e%a@k fg%%ﬁ%tﬁ%s'ﬁh ld B@[ atFaEl'% ttlﬁ},ﬁbﬁgﬁaé stbstate

318. Therefore, even though ere na

o SR L 28ume e
o0 BB 36 s Sl R SR e

coupl ed using alternative technologles i ncl udi ng an
for bperddeysd indercemnech Bignre #k dinghatas heinvartecassmieonducicd@ackage
In block 222, underfill materials are di spensed onto
havinghBGlAalcdlsi3de atificlede Iiddbeler toRallgurthe dik 300/t sbmatu@scage with the
sem conductor die 312 having underfill material 322

devichs DRBNRAHe 5&1{5@@3@@ Rlectaldtnstions hiiBe mﬁcﬁ\zewftﬁ @%ﬁdokﬁge
mat eri al 2|sanoflowunderflll mat eri al such

substi4te g??..xﬁle B, yaeey 2?; @ hbg%&g)éc‘? tﬁg% tt&ﬁllg?t} tJf"che fro?tmde

und mat er1 al prov an ca

wosGEFSOE TR AR5 P e Wb e

ial 322 is dlspensed onto the die 312 before a
The %Q&‘%ﬂ”& 828 affaghed e thepadytpsmed ppyiahatton sideetibe frontside
enbodi nents, it may be possible to 10 di spense a
substgaip Bl 4,augh & thoschehowarid FigureWDndh ené ambodineent, ke package
backsi de substrate has been attached. [0043] In an

asserably @00 atat berflippedbafore the BA A ballssi Mbears biosdhedt Assthibly f
attached to the die 312 without using the underfill

packskfoleréifls BpRank deslfs HYRSHE Blnsid3 %i* a@f(a{ Cj@ge 1 cﬁriﬁ’é't

using the “underfill 322. After t fro n
ol SRR R R b RS
balls 358 nthe pac agél éub%tqgte tﬁﬁ lfnsus%j ge f?lpped. Once the Rackage assembly 300 is
flipped, the BGA balls 326 can be attached as described above. It is understood that other
well-known interconnect technologies, such as Pin Grid Array (PGA), Land Grid Array
(LGA), etc. may also be used.

[0046] The process 200 is finished in finish block 228. Figure 4M illustrates a finished
package assembly 300. Once the BGA balls 326 are attached, the package assembly 300
is complete and the packaging process can be finished in order to provide a working IC or
MiCroprocessor.

[0047] One skilled in the art would recognize that several variations may be made to the
embodiments described herein without departing form the broader spirit of the invention.

For example, the BGA interconnects 326 may be mounted on the backside substrate 324

12



substrates to underfill both substrates in a single

step. [0044] In block 224, a backside substrate is
w@bk@smsh2an t he package 300 and the flip chip BPCHPS2084@32451

are reflowed to form backside interconnects. Figure 4K

illustrates a sem conductor package 300 having a
instQRGKSHGGe SRSitE 314 ARG, AR REhniGudapicetdss, 2R mater'a}s may

substrate 324 is placed on top of the package asse y
beusdP. The backside substrate 324 distributes signal

and power to and fromthe sem conductor die 312. The

i-p.chip bunps. 318 and . the sql der balls. 320 are
L0043 ThisBueon Foaibren s e e Ture e e SRS IS FBBITp ads
on, the backside substrate 324 and the respective )
embgdimppntshereofy Hb willhomiesere bp ayident 30 persoms haing the benefibopthis
bunps 310 and 318 are reflowed in a furnace to heat
discldserertedtadariomsdnodifis&idns ahd clahgWOm20 B8 hiadd ROBese embodiments
PCT/ US2004/ 032451 bond to pads on the package
withoubadpaingSrodd thet6add2 dpiriB¥hdPdchpés bf the idvRBtiBACKISd $Rcification

substrate 324, a dual substrate package has beén

o BETRE, 08B o PySEeaTE Lty ] P

goard | evel interconnect. Figure 4L illustrates an
I'nverted sem conductor package 5 having BGA balls 326
attached. In order to allow the die 300 to comuni cate
with the devices outside the package 300, electrical
connections nust be made with the package substrate
'314. The BGA balls 326 can be attached to the bottom
side of the frontside substrate 314. The BGA balls
may be applied using a stencil printer, ball shooter,
etc. The BGA balls 326 attached to the pads fornmed on
the bottom side of the frontside 10 substrate 314,
such as those shown in Figure 1D. In one enbodi nent,
the package assenbly 300 nust be flipped before the
BGA balls 326 are attached. Assenbly of package

el ements typically occurs fromthe topside of the
package 300. Since the frontside substrate 314 is on
the bottom side of the package, in order to attach the
BGA

sens
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bal | s 326, the package substrate 314 nust be fli pped.
Once the package assenbly 300 is 15 flipped, the BGA
whaiosm3286 can be attached as descri bed above.PCT/UBR04/032451
understood that other well-known interconnect
technol ogies, such as Pin Gid Array (P&), Land Gid
Array (LGA), etc. may al so be used. [0046] The
crLAamasess 200 is finished in finish block 228. Figure 4M
illustrates a finished package assenbly 300. Once the
BGA balls 326 are attached, the package assenbly 300
wh#Gs tRik&dRL €t € and the packagi ng process can be
finished in order to provide a working I C or
m croprocessor. [0047] One skilled in the art woul d
recogni ze that several variations may be made to the
en‘godi ments descri bed herein w thout departing form
th BHARYS: CPPRHYNEf the invention. For exanple, the
BGA interconnects 326 may be nmounted on the backside
suBsemigpadutor die hiwingo iBrueiuio Hreet tlyseinn4/ 032451
i nstead frontside substrate 314. Also, different
t ee tinst quteconprod feaed on adruhtsidd @i thalik amdy sebendisegconnect
[0048] This invention has been described with

fornfe@loB A6 ks dPo SR diel dotipled ARl tBE throHAgisant s t her eof .

It will, however, be evident to persons having the
b , . L o ' .
e byt s AUBELIS RN R ot and

secof BB ot et ieo i Braned Wik VB Reboi Blsfegmecng

drawi ngs, are accordingly, to be regarded in an
illustrative rather than in a restrictive sense. 13
WD 2005/ 034203 PCT/ US2004/ 032451 CLAI M5

2. The apparatus of claim 1, further comprising a first underfill layer between the

front side of the die and the first substrate and a second underfill layer between the

backside of the die and the second substrate.

3. The apparatus of claim 1, further comprising a substrate ball electrically coupled

between the first and second substrates.

4, The apparatus of claim 1, wherein the first and second interconnects comprise
solder balls.
5. The apparatus of claim 1, wherein the semiconductor die is thinned using one

selected from the group consisting of a backgrinding process, a chemical mechanical

polishing (CMP) process, and a spin etching process.
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What is clained is: 1. An apparatus, conprising: a
sem conduct or die having a through via forned therein;
W@2G0503£203 nt er connect fornmed on a frontside of PATTESWN4032451
and a second interconnect 5 forned on a backsi de of
the die coupled wth the through via; and a first
6. Pagkaaspaembsbf dhith Bvaidréih ¢ dndenHRLEd c¥inblisd DBolio%Sinderfill
i nterconnect and a second package Substrate
matdlafCtrically coupled with the second interconnect. 2,
e apparatus of claim1, further conprising a first
underfill |ayer between the 10 front side of the die
and the first substrate and a second underfill |ayer
bet ween the backside of the die and the second o
7. subbe ppragatusof chym hppherein ke Gontsidgiofthe dig gpmpwses an active side
conprising a substrate ball electrically coupl ed
of thealieneen the first and second substrates. 15 4. The
apparatus of claim1l1, wherein the first and second
i nterconnects conprise solder balls. 5. The apparatus
of claim1l, wherein the sem conductor die is thinned

S 'I‘EQ aP3atuldr daher itedih prB st;ulaﬁrﬂ%sgdgﬁ g%c%gg‘% ﬁlﬁggﬁﬁeg EQI ﬁg

8. U
backgrindi ng process, a chem ca

. : oce nd a_spin.etchi.ng process. 14 WO

dlsug)g@%%iﬁ%f%agfﬁt@f651%?0(%5%%?dl%. The appar at us of
claim 2, wherein the underfill |ayers conprise a
no-flow underfill material. 7. The apparatus of claim

1, wherein the front side of the die conprises an
9. actheappgrates of adgim § avhgirein signals comprise an input/output (I0) signal and

a power signal.

10. A method, comprising:

forming a through via in a back side of a semiconductor die and attaching a first
interconnect to the through via;

attaching a second interconnect to a device side of the die;

electrically coupling the first interconnect to a first substrate; and

electrically coupling the second interconnect to a second substrate.
11.  The method of claim 10, wherein the through via connects with the device side.

12, The method of claim 10, further comprising:
dispensing a first underfill layer on the first package substrate; and

dispensing a second underfill layer on the backside of the semiconductor die.
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8. The apparatus of claim 1, wherein the substrates
are package substrates to distribute signals to and

w0 e@s0s42e¢3 seni conductor die. 10 9. The appar at BGT/082004/032451
claim8, wherein signals conprise an input/output (10
signal and a power signal. 10. A nethod, conprising:

13. T OTH RBtHAdRERUAN2ViudhbicondiRElg: S| de of a
sem conductor di e and attachi ng a first 15

' n%t@arcﬁﬂx%%esﬁbstl"a?e bdiEodeatal o g\fét%]nd @%&oﬁg I?)'aagag@ s&l%‘t:rg{ég
ercoinect to a device Si
electrlcally coupling the first |nterconnect to a
first substrate; and electrically coupling the second
i nterconnect to a second substrate. 20 11. The net hod
14. of T miethod of claie A8; wherpa thefiest grd sacand sriereennscigicomprisfe
device side. 12. The nethod of claim 10, further

solderdalds.i si ng: di spensing a first underfill | ayer on the
first package substrate; and dispensing a second
underfill layer on the backside of the sem conductor

die. 25 15 WD 2005/ 034203 PCT/ US2004/ 032451 13. The
15. ”E’tfiléﬁﬁleﬁlfod%kéla{ﬁllé fubtHEd Rprfs Binii he @éngfapac Ebr%ie.

substrate ball between the f|r t an eco age
substrates. 14. The nmethod of claim 10, wherein the
first and second interconnects conprise 5 solder

16. ¢ pbAGio! REC iR DoRuBRGhe Bisbandisconhundretil facarompise &

cI aim 10, wherein the first and second underfill
no-flogymderfdbnpri se a 10 no-flow underfil | .

17.  The method of claim 10, wherein the first and second substrates comprise a first

and second package substrate to distribute signals to the semiconductor die.

18.  An apparatus, comprising:

a semiconductor die having a through via formed in a backside of the die, the
through via to provide a path to a device side of the die;

a first solder ball coupled with the through via, and a second solder ball coupled
with the device side;

a first package substrate electrically coupled with the first solder ball to distribute
signals to the through via and the back side c;f the die;

a second package substrate electrically coupled with the second solder ball to

distribute signals to the device side of the die.

16



17. The method of claim 10, wherein the first and

second substrates conprise a first and second package
wGeasosade to distribute signals to the sem coPdiiUsmN4/032451

die. 15 18. An apparatus, conprising: a sem conductor

die having a through via fornmed in a backside of the

19. di &he bpsarathboDelgiin V8, avHeeein HRWeARoRIRGbINIE & RirdRY & form the

side of the die; a first solder ball coupled with the
ﬂno@%f@ggh via, and a second solder ball coupled wth
the device side; 20 a first package substrate
electrically coupled with the first solder ball to
distribute signals to the through via and the back

Si of the dje;. a second package substrate
20. g ig? PPR%W%/O@%}B} b3y witerain thedirstemd secongisalder ball aretcgntrolled

di stribute signals to the device side of the die. 16

collapgy clop spwBeRoB((GURHUERIDL. 032451  19. The apparatus of
claim18, wherein the sem conductor die is thinned to
formthe through via. 20. The apparatus of claim 18,
wherein the first and second sol der ball are

21. COThé ShaefuoCMihP S Surel eozﬁpﬁélﬁga k@ phfeball to

_ electrically coupl
attachnments. 21. The apparatus of claim 18, urtger y couple

the f{}ﬁe@agiségogggn%lga Q%ﬁﬂ%‘a&s.ba' | to electrically couple

irst econd package substrates. 17
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