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(57) ABSTRACT

The module comprises a first substmte and at least one chip
mounted on the first substrate A second substrate is mounted
to the first substrate and lms an opening therein. The openinvg
is lined tvith the at least onc chip. I'he second substrate is
ovennolded utd the first substrate ts electncally connected to
the second substrate by at least one first electrical connector.
At least one second electrical connector extends from the
second substrate tluough the overmold and has tts exposed
ends for electrtcal connection to an external module. 'I)te
extcmnl module may be mounted to the first module m order
to form a peel age an package assembly.
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MODULE FOR USK IN A MULTI PACKAGE
ASSFMBI.Y AND A YIETHOD OF YIAKING
THK MODULE AND THE MULTI PACKAGE

ASSKMBI,Y

1 L'('HNK'AI. FIEI.D

[0001] Tfie present invent«&n relates to package on package
(PoP) teclmology. In particular it relates to a module foruse u&

a nnilti-packavc assembly and a method of making thc mod-
ule and a mutt&-package assembly

BACKGROUND OI'IIE INVENTION

[0002] A package on package (PoP) compnses two elec-
tronic packages assembled in a vertical stack. It may use a

variety of packuge styles. but line-pitch ball gnd array
(FB()A) is tl&e most common.

[0003] A typical PoP assembly I is shown u& I'ICi. 1. It
comprises a first electronic package 5 mounted on top of a

second elec&rome package 10 Typically the top package 5 has
a memory dev&ce, wlule the bottom package has a processor.
[0004] Due to their compact nature, PoP assemblies are
used in many electronic dev&ces. 1&or example in a mobile
phone tlm top packnge n&ay have a n&emory device and thc
bottom package a baseband or apphcat&ons processor. hi a

digital camem the top package may have a men«iry device
and the bottom package an image processor. In a hm&dheld

computer or game system, the top package may have a
men«&n'evice and thc bottom package an audio or graphics
processor
[0005] rhe top pncknge in FICi I has n substrate 20 Typi-
cally the substrate will be a BT core substrate. A pa&r ofchips
3U. 31 are u&ountcxf to tl&e substrate ZU. Wires 16. 18 connect
the chips 30, 31 to electrmal contacts 11 of the substrate 20.
The top package is covered with a molding compound 3U

(over molded). I'his strengthens the assembly and helps to
protect the components from damage.
[0006] The lowerpackagc 10 also con&prises a substrate 40
and a clup 50 mounted to the substrate. 11&e chip 50 &s coll-
ncwted to electrical contacts 41 of the substrate by wires 45.
An ovennold 60 covers th'hip 50 and a smrounding part of
the substrate on which the chip is mounted.
[0007] The top package 5 is mounted to the bottom pact«&gc
10 by solder balls 7U. The solder balls 70 space the &wo

packages apart allowing room for the chip 50 of the lower
package. The solder balls 70 connect v;ith electncal contacts
on the lower side of the substrate 2U and electrical contacts on
tlm upper surf'acc oi'hc substrate 40. This allows electrical
signals to be passed benveen the upper and lower packages.
[0008] Solder balls 80 nre provided on the loiveI sillfaceof
the substrate 40 of the le&ver package IU. 1hey conncect with
electrical contacts (c g plates or lm&ds) on the lower surface
of the substrate 40. They ellov. the PoP to m&nunun&cute with
an external module. such as a motherboard.

SUMICL&&RY OI'I IF. INVENTION

[0009] Tlmre are certain prnblmns with the Pop shown in
FIG 1. Firstly as electronic devices increase in mimplcxity it

is necessmry to increase the density of connect&ons, which
requires very fi&w. pitch of m&nncmtors This is difiicult to
achieve.

[0010] Secondly, the space benveen the upper and lower
packages is limited. It would be desirable to increase the

veit&cal separation (stand off height) in order to make room
fhr morc and larger chips m&den«hie stacking oi'chips on the
lower substrate.

[0011] Thirdly. warpage of one or both substmtes 20. 40
can defi&nn tlm conn&ection m&d solder joints between the
upper and lower packages This is especially the case where
one of the substrate warps due to variations in tempemture.
Tlm response of the diffi.rent substrates and diffi.rent compo-
nents of the PoP to temperature &s rarely the same, wluch
exacerbates tl&e problem.

[0012] In one aspect of the present invention a (tirst) mod-
ule is proposed compos&ng a tirst substrate and at least one
chip mounted on the first substrate: a second substrate
mounted io the first substrate and havil&g afl opcllil&g &u

thereui; said openuig beu&g aligned w &th said at least one clup
on the first substrate; the second substrate being overmolded;
the first substrate being electrically connected to the sec&md

substrate by at least one first electncal connector: and at least
one scccond elcectrical connccctor extending from thc second
substrate through the overmofd m&d having m exposed end for
electrical connection to an external module.

[0013] Preferably the module is for use in a multi-package
assmnbly A 'nnihi-package assembly'* is mi assmnbly com-
prising two electmnic packages each of which has a chip
mounted to a substrate Tlm module may bc used as thc lnwer
package u& a PoP. A second (upper) module may be mounted
u& the first module to form the I'oP. The second module may
make

electrical

conmct w ith thc exposed end(s) ofdw second
electncal connector(s) in order to enable commuiucat«&n
between the nvo modules or packages.
[0014] As thc lower nxidule fuis a svmond substrate ivith
electncal connectors on e&ther s&de. the stand offheight may
be increased. Iiurther, the opeiung in the second substrate
makes room 1'or one or n«&rc chips mounted to the first sub-

strate. Overmolded means that mold&ng nuitenal covers the
second substrate. As the 'intern&edinte'econd substrate and
the secoml conn&«tora arc ovcnnolded. tfw. assembly is less
prone to warpage. I'referably the at least one chip is over-
n«sided Prcfi:rably thc tirst substrate is ovcnnolded. Prefer-

ably the overmoid extends over the fir t substrate at least as fiir
as the second substrate: more preferably the whole of the first
substrate is ovennoldkxk I'hc assembly is also relatively
cheap to manufacture compared to other arrangements ivluch
require Laser drilling or other complex maclfinery.

[0013] Preferably there are a plurality of first electrical
connectors and a plurahty ol second electncal connectors.
I'or example. there may be four or more first electrical con-
ncviors on tbc underside of the second substrate and four or
more second electncal connectors on the top s&de of the
second substmte. Preferably the first and second electrical
conncxtors are metal pillars. e.g copper pillars Preti:rably
the first and second electncal connectors are separate p&aces

(i C. not integral parts of the smne pilfer) Metal pillars allow
for fine pitch and nuiintain their shape at high processing
temperatures (e g. 2(&0'1), compared to solder joints which
melt and brcak down at such tcmpcraturcs. However, solder
lou&ts may be used to lou& the metal pillars to a sub atm &e above
or below (e.g. to tlm second substmte and to the finct substrate
ol io a substrate of an extenml module mounted to the first
module).

[UUI 6] The second substrate may have only a s&ngle layer.
1he single layer is preferably an insulating layer, c.g made of
polymer. Alternatively the second substrate may have plural
layers. For example. the second substrate may comprise a
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core insulator layer and conducting layers on either side of the
core layer There may be insulating layers (c.g. solder resists)
ouiu ud on. either side of the conductuig layers.

[Ut)17] One or more vins preferably extend througli said
second substrate The vias elenncally connect ihe at least one
first electrical connector with the at least one second electrical
connix:tor Pret'erably tlbe via and tlm tirst and sixond electn-
cal connectors uluch the via coiuiects are tluee separate
pieces

[0018] Each via typically composes first and second elec-
trically conducive side walls. The first and second side ssalls
are clcvinadly connected to nich otlmr by the tirst clcctrical
connector and said second electncal connector (at either end
of the via). The temi side 11 alls as used herein includes the
situation where the tun 'side us)is* are part ol'he same u all,
e.g. difierent puts of a circular wall. The via may have an
insulating core. Alternatively tlm via may imve natal side
walls and a mcsal core, or m insulating sidewalls uid a con-
ducting core.

[0019] The at laist one first electrical coniiector and ni least
one second electrical connector are preferably attyted with
each other (on opposite sides ut'the second substhutc).

[0020] A second aspect of the present invention provides a

multi-package assembly composing the module of the first
aspect of the present invention as the tirst module aiui a

second module comprising a chip mounted on a tlurd sub-
strate Tlm ssccond module may be ni&nmted to tlm first mod-
ule, preferably it is niountccd directly to the overmiild of the
first module.

[0021] The tlurd substrate is preferably mounted to the tirst
module. For cxatnptc the third substrate may be mounted to
thc second substrate ol'he lirst module via ovcnnold of tlm
second substrate anChor the second electrical connectors.

[0022] Preferably the at least one second electncal connec-
tor is in electrical contact with a conducting contact of the
third substrate. Preferably the at least one second connector is
in direct physical contact with the tlurd substrate.

[0023] The clnp of the second module is preferably
mounted to a first side of the third substrate and a second side
ol'he third substrate is preferably mountal to the first mod-
ule. F..g. the tlurd substrate may be mounted to the second
substrite via the oimmiold of the second substrate midhor thc
secmid electrical conncwtor

[0024] In onc arrangcnwnt thc chip of thc tirst mixiule is a

processor and the chip of the second module is a memory
C illp
[0025] A third aspect of the present uivention pnivides a

me livid o I'mnmifac turing a first module (preferably for use in
a muln-package ussembly). compnsin providing a second
substnite laving nt least hr. t clcctrical connector on a tirst
side thereot'and at least one second electrical connector on a
second side thereof and one or more openings: mounting the
second substrate to a firzt substrate: mounting one or morc
chips on the tirst substrate vui the space provided by the
opening in the second substmte; (optionally connecting the
chip to tlm substrate is itb onc or morc wires), adding molding
material to cover the first substrate and the second substrate
mid the chips. but preferably teasv ing exposed a surface of the
at least one second electncal contact. Alternatively the sur-

face of the at least one second electrical contact may be
covered by the molding material and the part of the molding
material coveruig the surface of the at least one second elec-
trical contact may later be removed.

[0026] lliemethodmay furthercomprisethe step ofadding
solder balls or otlmr electric contacts io tlm lower surface of
first substrate.
[0027] The method niay lhrthcr comprise Iuoillltlllg a sec-
ond module to the lirst moilulc, the second module compos-
ing a chip mounted on a third substrate. In this way a nnilti-
chip package (c g. a PoP) may be tiirnmd.
[0028] Preferably thcthirdsubstrateofathesevondmodule
has first side v;itis chip mounted to it and an opposite second
side with clcctrical contacts which placed in contact with mi

exposed surface of the at least one second el actn cat contact of
the first module.

BRII',I'ESCRIPTION OF TIIF, DRAWINGS

[UUZ9] Preferredembodimentsofthepresent invention will
now be describei( by ivay ot'example only, with refercncc to
111C 1ICConlpallylilg iilavhlilgs 111 u llmll
[003UJ FIG. 1 is a prior art PoP which has alrendy been
described,
[UU31] ll(i. 2 shoivs a module for use in a multiclfip pack-
age, according to the presait invention:
[0032] FIG. 3 shows another embodiment of a module for
use in a nudtichip package;
[t)t)33] I'l(i 4 shows another anbodimnit of a module liir
use in a multichip package;
[UU34] I'l(i. 5 shou:s another embodiment of a module for
use in a multichip package,
[0035] I'IG. 6 is a plan view of the second substrate;
[0036] Fki 7 is a plan vice ofmuither nnbodimen1 ol'thc
second substrate:
[0037] FIG. 8 is a plan view of another embodiment of the
sccolld silbstraic.

[UU38] FI(i. 9 is a plan view of another embodiillcllt of tile
second substrate:
[t)t)39] FI(i 10 is a plan viev'fanother cmbodimcnt of the
second silbs1raiix

[0040] FIG 11 is a plmi viav ol'another anbodimnit of the
second substrate:
[0041] Fki 12 is a sclmmatic view of a PoP asscinbly
comprising first and second modules, according to the present
inventiom
[004ZJ FI(i. 13 is a detailed illustration of the second sub-
strate and sumiunding componentg including vias extending
tlu ough the second substrate:
[0043] FIG 14 (a) shots s a pair ot'etal pillnrs used as
electncal connectors between two substnates:

[0044] FIG. 14 (6) shov,s a pair of solder balls used as
electncal connectors betws en two substrates:
[0045] FIG. 15 shows mi alternative multi-layer constnic-
tion of the second substrate; and

[0046] I'IG. 16 shows steps in the assembly of a PoP
according to thc present invention

DL'TAILED DL'SCRIPTION

[t)t)47] FI(i. 2 shows a module 100 fiir use in a multichip
packs c In particular a module tor usc in the lower p rd of a
PoP assembly. It comprises a first substrate 11)) v hich maybe
a P(.'B, preferably a BT core substrate. A (bismaleiinide tri-
azine) core substrate, is a substrate comprising a BT core
layer with a metal layer on either side. BT has the advantage
tlat it is a polymidc with higher thermal stability, bcttcr
chemical resistance and mechamcal properties compared to
the expoxy resin used in same other types of PCB. Solder
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balls 130 are prov&ded on the lower side of the first substmte
I I 0 to ciuible the module 100 to be mounted to an external
appantus. such as a motherboard. A clup 200, wluch may be
a menmry chip or a processor, is mounted to the first subsrrate
100 It nuiy be mounted by any appropriate method, for
example die attachment with wire bonding, flip chip etc.
Wires 220 con&mct a bonding pad 210 im top of the chip 200
w rth a bonding pad 240 on thc upper side ol'the lira& substrate
110.

[OU48] A second substrate 3UU is mountixf to the first sub-
strate 110 The second substrate has an openu&g therein for
accommodating the clup 200. The second substrate 300 has a

plurality of first connectors 32U for connecting the substrate
electrtcally v,ith the first substrate 110. The first connectors
are provided on a first (&u&derside) of the second substrate. A

pl

u &i&l&

&Y of aceonil ci&once&i&&'s 31 0 are prt) v&&le&I on lie &econ&I

(upper surface) of the second substrate 300. The first and
second connectors preferably take the form of metal pillars.
I'or ex unple copper pillars. The first connectors n&ay be elec-
trically connected to the electrical contacts of the first sub-
strate 110 by solder bonding or intcnnctallic bonding) 140

The assembly is overmolded w&th a moldu& malertal 120.
I'he molding material covers the chip 20U, the upper surface
ol'he lirst subslmtc 110 and lhc second substrate 300 This
ovem&olding helps to prov&de sol&dity and slab&l&ty to the
assembly and minimizes tlm occurrm&ce of warping. IJpper
m&ds 311 ol'lm second connectors 310 arc expi)scd mid arc
level with or extend above the upper suribce of the ovennold.
The upper ends 311 may n&akc contact w:ith an external mod-
ule. I'or example an upper POP module may be mounted on

top of the first module 110 and make electncal contact via the
second connecrors 311

[0049] I'IG. 3 ahois s another embodiment of the first nu)d-
ule. s&nular to FIG. 2. Like reference numerals are used to
dcscribc like parts mxf i&ill nol bc dcscribcd again. This
embodiment has two clups 500(a) and 500(h) stacked one on
top of the other. The first clup 500(a) is mounted to the first
substrate 110 by any suitable means Tlm second chip 500(h)
&s mounted on top of the first chip 500(a) u&d spaced apart
from tlm firsr chip by a spacra 530. Wires 520 connect bond-
uig pads on the chips 500(a), 500(h) to bonding pads on &he

first substrate I IU. The molding material IZU covers both the
first and second chips Thc first and second chips may be of
Ihe same type (e nvo processor clups), or may be of diff'er-

ent types (e g. one memory chip and one processor chip).
[0050] FIG. 4 is a third embodiment similar to the first tw o

ombodiments Il luis two chips 810 aml 820 mounted side by
side on the first substrate 110. The ovennolding material
covers both the first and second chips 810. 820.

[0051] FI(i. 5 shoivs a fourth embod&ment sunilar to the
first embodiment. I'he chip 8UU is n&ountsxf on the first sub-
strate 110 A wire 920 connects the chip 800 m&d Ihc second
substrate 3UU. 'I he moldmg material covers the chip 800 and
the first and second substmtes 110, 3UO.

[0052] I'I(i. 6 &s a plan view from above of the second
substmtc 300. fhc second substrate is also callsxf the inter-
mcdmte substrate as in lbc POP assembly it is mlermcdiatc the
first (main) substrate of the first nu)dule and the substrate of
the second module. 'I he second substrate 300 has a plurality
of second connectors 310 (e., metal p&liars) and m& opening
330. There is a plurality of first connectors (not shoivn) in the
corresponding location on thc other side of thc substrate. In
this embodunent the second substrate 300 has a square or
rectangular shape, the second connectors are arranged along

one s&de of the second substrate and the opening is also square
or rectangular in shape m&d in thc cmnlrc However, il is
poss&ble to have the second connectors at any locat&on on the
top surface of the second substrate Furthermore, the second
substrate may be miy su&labia shape and may have any shape
or locat&on of open&ng suitable for acconm&odating a clup
n&ounted on thc tirst substrate.

[0053] I'16. 7 is a plan view of a different armsngement for
ihc second substrate 300. In this arrangcmcnl lhe second
substmste has a 1&ne of second connectors 310 on &luce of &ts

sides. Firt t connectors (not shown) are pmvided in corre-

sponding locations on the other side
[0054] FI(i. 8 is a plan view of another arrangmnent. A
double row of second connectors 310 &s provided on each s&de

of the rectangular second substnte 3UU, surmunding the
opening 330 First corn&actors ure prrwidcd a& corresponding
locations on the other s&de. I'urther. there &s u& electriuuc
device 34U mounted on top of the second substrate on the
same side as the second connectors. The electronic dev&ca 340
could be. for example. a capacitor. res&stor or active compo-
nent

[0055] FI(i 9 showsyel another ammgcnwnt in which thc
secoiul substrate 300 is rectm&gular and has a rectm&gular

opening 340 in the middle. Second connectors 310 are pro-
videl in a linc one each side m&d corresponding Iirst conncc-
u)rs (not shoivn) are provided on the opposite face of the
substrate. I',ach side hns a gap 350 The gapa 350 are of
d&fferent shapes and Io&n the central ope&ung 340.

[0056] I'16. 10 is an alternauve arrangement in whch the
second substrate 3UU is circular in shape and has a circular
opemng 330. I'irst u&d second connectors (not shoivn) are
pmvided on each side of the substrate.

[0057] FI6. 11 is a further arrangement inwluch the second
substrate 330 bas a plumhty ol'openings 330a, 330h. 330c
and 330d of different slmpes. Bach may accommodate a d&f-

ferent chip mounted on a substrate below. First and second
connee&om (not shoivn) are prov&ded on the oppos&te aisles of
the substrate as discussed &n the prev&ous embodiments.

[UU58] FI(i. 12 is a schematic diagnm of a PoP assembly I
comprising a second module 5 mounted on a first module 10.
The first module 5 &s a module of the type descrtbed above.
e.ve. with reference to FI(i. 2. It fom&s a loii er module of the
PoP assembly In this example, it has two chips 200. 200a
stacked one on top of the other and connected to a first
substrate 110 by v ires 220 and 220a respectively. Both chips
are processors. Other embod&ments could have a different
number or type of claps and different method of connecting
tbc chips to the substrate 110.

[0059] The upper module 5 comprises spa&rof chips 30, 31

mounted to a first (upper) side of a tlurd substnte 20. The
third substrate may be a P( B, preferably a BT core substrate.
The ch&ps 30, 31 are electrtcally conncmted to the ilurd sub-
strate ZU by wires 16 or any other suitable means. Prefembly
the chips 30 anil 31 arc memory chips The scwond nxxiule 5

&s ovennolded w&th a moldu&g matertal 18 wluch covers the
chips 30. 31 and the third substrate ZU. The second (lower)
side of the third substrate 20 is moun&cd to the first module 10.

Specifically the tlurd substrate is mounted d&rectly to the
second connectors 310 of the first mudule 5. IJpper m&ds of
the second connectors 310 connect w&th a conductu&g electn-
calcontacts(notshown)ofthesecond(loiver) sideofthethird
substrate 20 in order to alloiv communication of electrical
s& nels between the two modules. While I'IG. 12 shows a gap
between the first and second modules, in other embodiments
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the overmold 120 of the first module niay extend flush with
the upper mids of the scvond connectors md tlm third sub-
strate 20 of the second module 5 may rest on the ovennold 120
of tlm fin t module That is the third substrate 20 may be in
direct contact with tlm ovemuild 120. In ibis emboduueni
there are no intervening PCBs or otlier electric circuits or
insulators betuvin the overmold 120 and second connectors
310 and the third substrnie 20 of the second module 5. In tlus
embodiment the two chips 31, 3U are memory chips, but in
other embodiments they may bc differen types of chips (c g
processors).

[0060] The first module I will nov, be described in more
detail. It comprises a first substmte 110 which may be a P('B,
prefembly a BT core substrate. Solder balls 130 are provided
on the lower side of the first substrate 110 to emible the
ni(xlule 100 ui be nuiuntcd to nn external apparatus. such tws a

motherboard. A pair ofclu ps 200. 20 0a may be memory chips
or a processor. are mounted to the first substrate 11U. They
may be mourned by miy appropnaie mctlmd, for cxmuple
wire bonding, die attaclmient etc Wires 220. 220a connect a

bonding pad on top of the chip 200 with a bonding pad on the

upper side of the first substrate 110.

[0061] A second substrate 300 is moluiliedl to the first sub-
stmte 110. The second substrate has an opening therein f(ir

accommodating Ih( clups 200. 200a The second substrate
300 has a plurality of first connectors 320 for connecting the
substmte electrically with tlm first substrate 110 'I he first
connectors are provided on a first (underside) of the second
substrate. A plurahty of second connectors 310 are provided
on the second (upper surface) ofthe second sub s tnt e 300. The
first and second connectors prefembly take the form ofmetal
pillars. for example copper pillars. Tile tirst connectors may
be electncafly coruiected lo lhe electncal conulcls of the first
substrate 110 by solder bonding 140. lite first module 10 is
ovenuofdcd with a molding material 120 The molding mate-
ruil covers the rlups 200, 200a. the upper surface ol the first
substrate 110 and the second substrate 300. This os ermolding
helps to provide soliduy and stability to the assembly and
nunimizes the occurrence ofwarping. Upper ends 311 of the
second connectors 310 are exposed above the overmold 120.

Thc upper'uds311 ulak(.'(illlilcl with clccil1CSI coutacL( ol
the second module 5.

[OU62] FIG. 13 allows the second substmte and surrounding
components in morc detail In particular, it illustmtcs the vias
390 extendinvg throuvJI the second substrate 300. Fust metal
connectors 320 are provided on a second (lower) side of the
smxmd substrate 300 Thcsc arc surrounded by the molding
compound 120 and moluited to the first substrate 110. Second
metal connectors 320 are provided on the first (upper) side of
the second substrate. They are surrounded by the moldin
compound IZU and have exposed upper ends 311. The second
metal coruiectors 310 are aligned u ifli correspoixling sccoiul
metal connectors 310 on the opposite side of the substrate
300.

[0063] Ptas 390 electncally connect each second metal
connector 31U with a corresponding first metal connector
320. The vias 390 extend through the second substrate 300
The via has first 391 and second 392 side walls. These side
walls391.392maybepartofthesmue(e g.circular) sidewall
or inay be separate side walls. The via 390 I'urther composes
a core 395 ben( een the side walls and extenduig betu een the
first aud sivond metal connectors 320. 310.

[0064] In the illustrated embodiment shovvn ui IIIG, 13 the
side walls 391, 39Z are electrically conducti(m (e.g. made of

metal) and put the first and second metal connectors 320, 310
iii electrical contact with each other. Tile core 395 of ihc via is
an insulator. In alternative embodiments the core could
instead by a conductive material (e.g. metal) or even n void. In
still further embodimenLS the side ((alla could be an insulator
and the core could be made of conductive material (e.g.
I lmla 1)
[0065] flic second substmste 300 in the FIC). 13 embodi-
ment is a simple msulator. e g. polymer Fhiv,ever, in other
embodiments It may be a PCB or It may compose a plurality
of layers. An example is shown in FI(i 15 u:here tlm second
substrate 300 comprises a core/prepreg insulating layer 301„

a metal layer 302, 303 on either side of the core layer and an
insulating solder resist layer 304, 305 ou either side of the
metal layers.
[0066] FIG 14 (a) illustrates a pair ol second connectors
310. They have the same structure as the first connectors 320.
They are formed ofmetal pillars. preferably copper pillars. it
can be seen Ihat the pillars hnve line pitch and a well defined
slmpe. 13y way ofcontrast FIG. 14 (b) sho(vs an arrangement
with a pair of solder halls 140 between a substrate 20 and a

substrate 300 It can be seen that the solder balls Irave a less
fine pitch and less well detined shape than the metal pillars.
Furtlmrnuirc, at typical processing temperatures (e g around
260 degrees Celsius) the solder balls v,ifl melt slid collapse
down, while the nmtal (c.g. copper) pillam (vill remain solid
and uefl dclincd. As a rcsulL lilr a gi(mn stand olf height,
metal pillars provide a superior solution to solder balls for
connivting flie upper mid lower surfaces ol'he second sub-
slmte to respective other substmstes. The metal pillars nlkiw
finer pitch and thus denser electrical connections. A small
amount of solder or bonding pads may usicd to connect tlm
metal pillars to the respective other substrates.

[0067] A niethod ol'manufacturing the first module 10 u ill
novv be described with reference to 11G. 16.

[0068] In a first step. sliown ui I'ICi. 16 (a), bondmg pads
140 are added to a first (upper) surface of a first substrate 300
al a location having electrical bonding pads or ol her electrical
contacts. Tile first substrate 100 is preferably a PCB.

[0069] ln a second step, slxiwn in FIG. 16 (b). a second
substrate 300 having second electrical connectors 310 on a

first (upper) side thereof'and first eleclncal connecuirs 320 on
a second (lower) side thereof, is mounted to the first substrate
100 Spimifically thc first electrical connivtors 320 arc
nxiiuited to the bonding pads 140. The second substmte 300
has one or more openings therein.

[0070] In a third step, shown in FICi. 16 (r), one or more
claps 200. 200a are mounted to the first substrate via the
space provided by the opening in the second substrate.

[0071] ln a fourth step. shown in FIG. 16 (a), the one or
more chips 200, 200a are eleclncally connected to the lirsl
substrute 1UU. Specifically one or more v;ires 220. 220a are
used to couilcct llm chips to bonding pads on the first (upper)
side of the first substrate 1 IIO. In other embodiments different
methods may be used to electrically connect the chips to the
first substrate. or tlm elictrimil connection nuiy be intrinsic ui

lllc lllouinllig fllus rcildci'lilg II scpieultc coililcctloil step
ulumc('.ssarv(

[fit)72] In a fifth step, shown in FI(i. 16 (c), the assembly is

overmolded. Specitically a molduig matenal is added to cover
the first substrate and the second substrate and the chips. but
leave exposed a surface of the second electrical connectors
310. Alternatively. the second electrical connectors may
extend above the surface of the molding material; or the
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molding matenal may cover the upper ends of the second
elcctrical connectors mxl later luiie a portmn renuived or
scmspped off to expose the upper ends of the second electrical
connixtors The molding niatcrinl may be any suitable mnte-
rial, I'or exanipie.. an epoxy nioiiling mimpound. a thenuosvt-
ting polymer (preferably witli particle filler, or a plastic mate-
rial etc
[0073] In a sixth step, shoivn ui FIHr 16 (/), solder balls or
other electric contacts 140 are added to a second (lower)
surface of first substrate 110 Specifically thc solder halls 140
are added to locations having conductive contacts on the
second (lower) surface of the first substrate 110.
[0074] A second module may then be mounted to the first
module shown in Fit k 16 (fl to tiirm a Pop assembly. The
second module may be a module 5 as shown in I'l(i 12 and
descnbed above, it composes a clup 30 mounted on a third
substmte 20. The chip 30 is mounted on the first (upper) side
ol'ihe third substrate, while electrical contacts (e g bonduig
pads or lands) present on the second (lower) side of the third
substrate are placed in contact with the exposed ends of the
secimd electrical conncmtor 310 iif the tirst module 10.

[0075] Wlule preferred embodiments of the present inven-
tion lmsvc been dcscribcd above, tlmy should not bc taken to
limit the scope oi'he imention, which is defined ui the
appended claims

Having dcscnbcd the im cntion, the folloiving is claimed
1. A module lor use ui a multi-p tclurge nssembly compos-

ing:
a first substrate mid at lemst one chip mounted on the tirst

substmte;
a second substrate mounted to tlm tirst substrate and having

an openin ui therein: said openuig being ahgtted with
said at least one chip on the first substrate:

the second substrate being ovennolded,
the first substrate being electrically connected to the sec-

ond substmte by at least one tirst electrical connector;
and

at least one second electncal connector extendm from the
second substmte through thc ovcnnold mxf luivuig an
exposed end Iiir electrical connection to an external
module.

2 Thc module of claim I whermn the first mid second
electncal connectors are metal pillars.

3 Tlm module of claim I wherein dw. second substrate has
only a smgle layer

4. 11ie nuxhi le of claim I wherein the s ceno nd sub atm te has
plural layers

5. The module of claim 3 ~herein the scecond substrate
comprises a core insulator layer and conducting layers on
either side of the coro layer

6. The module of claim 4 further comprising insulatin
layers outward of the conducting layers.

7. The module of claun I wherein the second sub stmste has
a via extending tluough said second substrate, amid via elec-
trically connecting said at least one first electrical conncmtor
with said at least one second electrical connector.

S. Tire module of claim 7 wherein said via is a separate
piece fnillt Rilci at lpaist (illa liras and at least one second
electncal connectors.

9. Tire module of claim 7 wherein the via comprises first
and second electrically conductiiv. side walls, said first and
second side w.elis being electrically connected to each other
by said tirst electrical connector mid said second electricnl
ci)litic:ctill

10. The module ofclaim 9 wherein the via has an insulating
core between the side walls.

11 Tlie module of claim 7 wherein thc via comprises first
and second insulatuig side walls and a conductive core for
electrically connecting said first electrical connector and said
second electncal connector.

12 111c fliodule of claim I wherein said at least one firsr

electncal connector mid said at least one second electncal
comicector are alivned w ith each other.

13. A multi-package assembly comprisin the module of
claim I as the first module and a second module comprising a

clup mounted mi a third substrate.

14 The assembly ofclaim 13 w herein the tlurd substrate is
mounted to and in direct contact with said ovemxild of the
first mixlule

15 Tlm assembly ol'laim 13 ivhcrcin thc at least mie
second electncal connector is in contact with a conducting
contact of the third substmtc

16 The assembly ol'laim 13 wherein the chip uf tlm
second module is mounted to a first side of the third substrate
and a second side of the third substmte is mounted to the
ovennold of the first niodule.

17. The assembly ofclaim 13 whereui the clup of the first
module is a processor and the clap of the second module is a
memory cfiip.

IS A method ofmanufacturing a first module liir use. in a

multi-pack ige assembly compnsing providuig a second sub-
strate having nt least one first electrical connccctor on a first
side Ihcreol'and at least one second electrical connector on a
second side thereof and one or more openings: mounting the
second substrate to a tirst substmte, mounting one or morc
clups on the tirst substrate via the space provided by the
opening in the second substrate: adding molding material to
cover tlm first sub stmte and the second . ubstmte mid thc onc
or more chips and ivherein a surface of the at least one second
electrical contact is left exposed.

19 The method ol'claim I S w herelll tile at Iemst iillii siiciilxl

electncal contact is covered by said moldin matenal and a

portion of the molding material is later removed to expose a
surface of the at lemsa one second electrical contact

20 The method of claim IS further comprisuig the step of
adding solder balls or other electric contacts to the lower
surface of first substrate

21 The method ofclaim IS I'urther comprising mounting a

second module to the first module; tire second module com-

prising a chip mounted on a third substrate
22 The method ofclaim 21 wherein the third substrate lias

first side w ith a clup mounted to it and an opposite second side
with electrical contacts whicli are placed in contact with an

expo sexi surface of the at I mat one second clcvtomil connector
of the first module.
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