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background is described in deui t packages, as
an exanple. Heretofore, in this field, ilnt egrated circuits have been forned
on sem conductor wafers. The wafers are separated into individual chips
and the individual chipseRIBGING MEPHROD coF AINTEROONNBEUs For packagi ng
process is one of the nbst criNTEGRATEDERIRCUIThPACKRERY ated circuit
fabrication process, both fromthe point of view of cost and of
reliability. Specifically, the packaging cost can easily exceed the cost of
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The present invention relates in general to the field of
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The present Lnvention r

integrated circuit. packages, and more specifically, to
bridging interconnects for electrically connecting integrated

circuit packages and a method for producing the same.



are packaging related. The integrated circuit nust be packaged in a
suitable nedia that will protect it in subsequent manufacturing steps and
fromthe environment of its intended application. Wre -bondi ng -and
encapsul ation are the two nmain steps in the packagi ng process. Wre bonding
connects the |leads fromthe chip to the termnals of the package. The
termnals allow the integrated circuit package to be connected to other

3 conponents. Following wre bonding, erfcapsul ation is enpl oyed to seal “the
surfaces from noisture and caontam 'oBFa Etfhv’ the w re bonding
and ot her conponents from corfoston—arrcfrechantTc sttock. Conventional |y,

t he packagi ng of |ntegrated circuits has involved attaching an individual
chip to. a | ead fr dHEDMer dimisingwi Hae wiseRSon8Engthfid tavenkitm i difs
designated parts of the |lead frane becone the term nals of the package.

The packagi ngbatkgrauagh dsedestrihad sithaennesbiomwilthednthgrated epiarauids
chips on a flexible board where, follow ng adhesion of the chip to the
surface of thgadkeyed) @sbaardxamﬁlwAre bondi ng, an encapsul ant is placed
over the chip and the '

Heretofore, in this fleld, integrated circuits have been

formed on semiconductor wafers. The wafers are separated into
individual chips and the individual chips are then handled and
packaged. The packaging process is one of the moét critical
steps in the integrated circuit fabrication process, both from
the point of view of cost and of reliability. Specifically,
the packaging cost’ can easily exceed the cost of the
integrated circuit chip, as the majority of device failures
are packaging related.

The integrated circuit must be packaged in a suitable
media that will protect it in subsequent manufacturing steps
gnd from the envi;onmenﬁ of its intended application. Wire
bonding -and encapsulatién are the.two main steps in the
packaging prﬁcess. Wire bonding connects the leads from the
chip to the terminals of the package. ' The terminals allow the

integrated circuit package to be connected to other



adj acent flexible board to seal and protect the chip and ot her conponents.
Unfortunately, current nmethods for wire bonding and encapsul ating silicon
chi ps have led to various problens, including cracking between the
encapsul ation material, the wire bonding and the integrated circuit
conmponents, as well as high failure rates due to the nulti-step nature of
t he process. Cracking has plagued the industry ‘because of 4
differences in the coefficient of therma} expansion of the different
conponents, f 95%5@&91&1 PELY&ERLd W8 rk %&Eciﬁitée,seﬁéa Bldidn 2BYemployed
non-netal |l i ¢ conponents. Cracki'ng 1s also frequent between the 'silicon
vater and the gneapsulal! o FRIE! 1Al WAUALLY ERAXLERrafitfad Qi L Hid O
variations in-Tefrpérature 1 n vari ous environments an etween peri ods of
operation and non-operatign. Therefore, need has arisen for
ol octrical | nPEPESRhCT ofide; RAPIEDE: eirteotliRr GEBBPBRELS EROT ARF I
multiple wiring and bonding steps within integrated circuit packages as
well as a proéé@sm$QhaQﬂQ§%:ﬁh@&ﬁhy i nt erconnecting integrated circuit
packages. A need has also arisen for _

Conventionally, the packaging of integrated circuits has

invqlved attaching an individual chip to- a lead frame, where,
following wire bonding and encapsulation, designated parts of
the lead frame become the terminals of the package. The
packaging of integrateci circuits has also involved the
placement of chips on a flexible board where, following
adhesion of the chip to the surface of the flexible board and
wire bonding, an encapsulant is placed over the c.hip and ﬁhe
adjacent flexible board to seal and protect the chip and other
components.

Unfortunately, current methods for wire bonding and
gncapsulating silicon chips have led to various problems,
including cracking between the encapsulatio_n material, the
wire bonding and the integrate;:l circuit components, as well as
high failu;e rates due to the multi-step nature .of the

process. Cracking has plagued the industry because of



materi als and nethods that lead to increased yield by nore closely matching
the coefficient of thernmal expansion of the materials used in the package.
Furthernore, a need has arisen for an integrated circuit package that

provi des protection during subsequent manufacturing and testing steps and
fromthe environment of its intended purpose. 5 The present invention

di scl osed herein is useful in providing ,electrical - bridging for
interconnections wthin integrated circCuit packages and a process

for produci ngigirecihiceal inbrtk,ggic@gfﬁe@%n% NLer eARPRSE | esag?n%!h&b! 8t the

integrated circuit packages that protec he conponent s e integrated

circuit packa ring manufacturi and testi st eps, . .and fromthe

envi r onment Ogﬁf%garlerr% eﬁalgﬁo’ﬁﬂﬁﬁjsggrAEt?aV‘Hfﬁgrg%t“ée%} e dnserfages: e

present invention, there is provided an integrated circuit package an

i ntegrated ci MarALigSckayt BoRpResahiic f cPEPORRRtE econdrpraltng isaj alser st

and second | ayers each having first and second surfaces; a chip disposed

bet ween sai d F&eanensurtietweesf the dsilicon| wpéeramhdsathle f ienstpsulétiten of

sai d second | ayer, said chip having a bondi ng pad; a conduit having
materials, usually epoxies, due to. the extreme variations in

temperature in various environments and between periods of
operation and non-operation.

Therefore, a need has arisen for electrical
interconnections that overcome the problems associated with
multiple wiring and bonding steps within integrated circuit
packages as well as a process for electrically interconnecting
integrated circuit packages. A need has also arisen for
materials and methods that lead to increased yield by more '
closely matching the coefficient of thermal expansion of the
materials used in the package. Furthermore, a need has arisen
For an integrated circuit package that provides protection
during subsequent manufacturing and testing steps and from the

environment of its intended purpose.



first and second ends, said first end electrically connected to said
bondi ng pad, said conduit partially disposed on said second surface of said
first layer and partially disposed on said first surface of said first

| ayer; and a pad electrically connected to said second end of said conduit;
and a solder ball located on said pad. O her aspects of the invention

I ncl ude those as defined in the clains. 5§ 5a The electrical bridging for

i nterconnecting integrated circuit packages of the present invention
conprises a first layer havin ' e C pces and a plurality of
routi ng pads di sposed on the second surface of the first layer. A

prural ity of conduvies 3h@ulkeposs it blie (iEsoBRd SRERInSULaEes At (he

first layer. The conduits on the second surface are electrical connect ed

to the routi __Vias:that are integral _with.the first |ayer '
electricalInggﬁﬁggfayhgﬁggﬁgﬂ?t5%5hJE SHOPEEC h??%cglgﬁfﬂ ﬁﬁgegﬁﬁaﬁgts on
the second surfacgs of the first layer. The present invention_also includes
a second | ay & TN PRFFAEeS N8R de BN BTOGRFS c SO anreduaing yelacsrical ity

of pads are disposed on the second
bridging for interconnections within integrated circuit

packages that. protects the components of the integrated
circuit package during manufacturing and testing steps, and
from the environment of its intended purpose.

The electrical bridging for interconnecting integrated
circuit packages ;f the present invention comprises a first
layer having first and second surfaces.and a plurality of
routing pads disposed on the second surface of the first
layer. A plurality of conduits are disposed on the first and
second surfaces of the first layer. The conduits on the
second surface are electrically connected to the routing pads.
Yias that are integral with the first layer electrically
connect the conduits on the first surface with the conduits on
the second surfaces of the first layer. The present invention
also includes a second layer having first and second surfaces

and a cavity. A plurality of pads are disposed on the second

Pd
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6 surface of the second |ayer. These pads are electrically connected with
.at least one of the conduits on the second surface of the first |ayer by,
for exanple, a via. A chip having bonding pads on the surface facing the
first layer, is adhered in the cavity. The bondi ng pads on the chip are
el ectrically connected to the routing pads on the second surface of the
first layer, thereby interconnecting the chip with-the first and second

| ayers. The layers may be, for exanpleg FR-4 or FR-5 printed circuit board
Iayers The integrated circuit package nay further include at | east one bus

b tegral _with the first t d surf Th b
e ol ect 1 cafty EBRn i o PR donBVRG pARESen HAE CFFD. SRECHALERTKtod

circuit package naé further include a third | ayer disposed on the first
surface of tkePPPFEed| WHER 85 ilegsht @qeh@fcoqrnﬁu@%n%tt%@rh%? ggEPake of
the first layer fromthe environnent. Solder balls or solder colums may be
| ocat ed on tisaérfade. ofhshpafisrstylapedi bpostor oexanmld,i ratviaw f akechbipt he
first layer, on the second surface of the second | ayer or on

having bonding pads on the surface facing the first layer, is
adhered in the cavity. The bonding pads on the chip are
electrically connected to the routing pads on the second
surface of the first layer, thereby interconnecting the chip
with the first and second layers. The layers may be, for
example, FR-4 or FR-5 printed circuit board layers.

The integrated circuit package may further include at
1eas§ one bus bar being integral with the first layer on its
second surface. The bus bar is electrically connected to the
bonding pads on the chip. The integrated circuit package may..
further include a third layer disposed on the first surface oﬁ'
the first layer to isolate the conduits on the first surface
of the first layer from the environment.

Solder balls or solder columns may be located on the

pads. The 'pads may be dispoéed-on the first surface of the

first layer, on the second surface of the second layer or on

rd



7 bot h. The pads on the two surfaces nmay be electrically connected using
vias. The present invention also conprises an integrated circuit package

‘produced by a process conprising the steps of obtaining a first |ayer -

having first and second surfaces and extending a plurality of routing pads
on the first {ayer. A plurality of conduits are al so disposed on the first
and second surfaces of the first layer .and are electrically connected to
the conduits on the first and second surfaces. Next, a second layer is "

obt ai ned havigati.i r sthangercall sHEf 3RS Ak LAVdY - beAleleRest cangypad
I's placed on the second surface of the second layer and is electrically

connected to af, Qognsodui t on the second surface of the first Iayer.
Finally, a chip Fgﬂgghegeﬁg' the cavity, the chip having at |east one

bondi d. Th di the chip is electrically cc ted to.the
ol g Do, Tre 080 BEeBtt Ol B TP ared® BOULEGEs) it nLeRtAb Sy

al so include the steps of disposing a bus bar on the second surface of the
first |ayer &iF¥LEcPRFiage pProgimedt Py iRrqassst CrRRsis e engtagspad on

the chip. Sol der balls may
obtaining a first layer having first and second surfaces and

extending a plurality of routing pads on the first layer. A
plurality of conduits are also disposed on the first and
second- surfaces of the first layer and are electrically
connected to the conduits on the first and second surfaces.
.Next, a second layer is obtained having first and second
surfaces and a cavity. At least one pad is placed on the
" second surface of thé second layer and is electrically
connected to at least one conduit on the second surface of the
first layer. Finally, a chip is adhered in the cavity, the
chip having at least one bonding pad. The bonding pad on the
chip is electrically connected to the routing pads.
The process of producing an infegrated circuit package
may also include the steps éf disposing a bus bar on the
second surface of the first layer and electrically.connecting

it to at least one bonding pad on the chip. Solder balls may



8 also be attached to at | east one of the pads on the second surface of the
second | ayer, on the first surface of the first |layer or on both. 9

"BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conpl ete understanding of the
features -and advantages of the present invention, reference is now nade to
the detail ed description of the invention along wth the acconpanyi ng
figures, in which correspondl ng nunerals in the different figures refer to
correspondi ng parts and in which: Fi gurg& 1 is a si er|Ifled top vi ew of an

electrical brid far onn t|on W|th| in e ir

package of ttﬁl%rgg% tharﬁ?‘gg % 20 g glﬂﬁp %ﬁ h @g%
cross-sectional view taken al on I|ne A- A of % ure 1; and E%ﬁr
sinplified erfdassesofctlis g b3¥etip QR Eheoft éPEé?F?C %d‘lrﬁﬁ for .
i nterconnections within an integrated circuit package of the present

i nventi on. layer or on both.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Wi | e the nmaki ng and using of various
enbodi ments of the present invention are discussed in detail below, it
shoul d be appreciated that the present invention provides nany applicable

i nventive concepts, which can be enbodied in a wide variety of specific
cont exts. The specific enbodi nents di scussed herein are nerely
illustrative of specific ways to make and use the i'nvention and do not
delimt the scope of the invention. The $resent invention is related to

hi gh frequency el ectrical i dgi QL LBlCHEO SANGAY thin integrated
circuit packages which is ' perfor mance and
meeting the space constraint requirenments of nodern seniconductors. The
principles of tHPY R 8¥E ¢ Q%H"F%Fsﬁénidﬂ@@r ﬁ&rat[gé‘d SRtresyand .

exanpl e, a synchronous DRAM ( SDRAM) silicon chip. The ‘present invention,
however, is add@niigdesc@fl the prasgnt isRentiEPRAwEARenssy ist ey madeedoat ed
circuit conponents. Referring to Figure 1, electrical bridging for
i nterconnectitdns dethibedndestefpeienl ofr thd jaedmgieon Sakdmynwith the
accompanying figures, in which corresponding numerals in the
different figures refer to corresponding parts and in which:
Figure 1 is a simplified top view of an electrical
bridging for interconnections within an integrated circuit
package of the present invention;
Figure 2 is a simplified end cross-sectional view taken
along line A-A’ of figure 1; and
Figure 3 is a simplified end cross-sectional close-up

view of an electrical bridging for interconnections within an

integrated circuit package of the present invention.



and is generally designated 30. Pads 100 are |ocated on a printed circuit
_board 70 and are electrically connected to a silicon chip 50 by |ower
conduits 118. In order to avoid the planar intersection of electrically
conductive |l ower conduits 118, leading to short circuits, electrical
bridging is constructed using vias 84 and upper conduits 18. A second via
84 is used to connect the upper conduit, 18 to a |lower conduit 118 for
contact with a bonding pad 120 on silich chip 50. It should be understood

by one skilled in the aiEﬂé&iﬁgéﬂﬁ§%§%$fugigﬁilﬁ%dIﬁbﬁﬁf" 4 as well as the
terms "side", "end", "upper  an re used 1or 1rrustrati on purposes
only, as the integrated circuyit package, 30 of the present..inventian_can be
assenbl ed and usegﬁfieaFQﬁuW%gﬁ?ggﬁnéo T YRa* ?é?ékﬁﬁiqﬁq%ﬁc8 Eﬁ?p 50 .
depicted in Figure 1 has bonding pads 120 |ocated generally in the central
area of sili GF§sSeRtpimentyanepxg: fieryssehdnsperadbh kedqy 56 tnERoHAGebe
bondi ng pads that are | ocated along the perineter of the silicon chip 50,
wherei n the lppagicigtedt etbatnechs opreklenpr esswent imment poovivdes d bany

adjusted to conformwi th the positioning of the
applicable inventive concepts, which can be embodied in a wide

variety of specific contexts. The specific embodiments
discussed herein are merely illustrative of specific wdys to
make and use the invention and do not delimit the scope of the
invention.

The present invention is related to high £frequency
electrical bridging for interconnections within integrated
circuit packages which is capable of achieving high speed
performance and meeting the space constraint requirements of
modern semiconductors. The principles of the present
invention may be incorporated into, for example, a synchronous
PRAM (SDRAM) silicon chip. The present invention, however, is
alsoc applicable to LOGIC, SRAM, EPROM and any other integrated
circuit components.

Referring to Figure 1, electrical bridging for

interconnections within an integrated circuit package is shown



12." bondi ng pads 120, as wll be known to those of skill in the art in
light of the present disclosure. Figure 2 is a sinplified cross-sectional
view of electrical bridging for interconnecting integrated circuit packages
along the A-A'. line of Figure 1. The integrated circuit package 30

I ncludes a silicon chip 50, which can be, for exanple, any integrated
circuit conponent such as a DRAM an EPREN[ a SRAMor a LOG C chip. Silicon
chip 50 is attached to prlnted circuit 6 rd 70 in cavity 88 by an adhesive

| ayer 60. The adhesjye 5¥§%d§01- t% Y de of 5 eé@%p@%ba$ﬁd on a

doubl e- si ded ¥ elSSIV%e esive g ue or €époxy

integrated circuit acka e 30 conS|sts of thr e a top layer an
intermedi ate ¥ d?é’lr& tabBaTE ofl Iaeﬁf’erar%e ﬁ ﬁi}yb‘ép t& racw t

board 70. Botton1|ayer 78 has a cavity 88 for pIaC|ng t he adheS|ve | ayer 60
and the sili cohtigenpchdp Fatky aiean eondyets 7Blthas Tpprfer obellavaid ghe
di sposed on, or integral with, first surface 92. Internediate |ayer 76 has
| ower conduitpiéhH} dhsp@sedtiwn off ellptegiedly tdonduetdnd SowdnmardiitsUpper
conduits 18 and | ower conduits 118 are
118, -leading to short circuits, electrical bridging is
constructed using vias 84 and upper conduits 18. A second via
84 is used to connect the upper conduit 18 to a lower conduit
118 for contact with a bonding pad 120 on silicon chip 50. It
should be understood by one skilled in the art that the terms
“top” and “bottom” as well as the terms “side”, “end”, “upper”
and “lower” are used for illustration purposes only, as the
integrated'circuit package 30 of the present invention can be
assembled and used in a variety of positions and ways.
The silicon chip 50 depicted in Figure 1 has bonding pads
120 located generally in the central area of silicon chip 50.
Alternatively, the silicon chip 50 may have bonding pads that
are located along the perimeter of the silicon chip S50,

wherein the bridging interconnects of the present invention

would be adjusted to conform with the positioning of the



13 electrically connected by vias 84. The |lower conduits 118 ternminate in
routing pads 82 that are positioned to cone in electrical contact with
bondi ng pads 120 on silicon chip 50. Upper conduits 18 and | ower conduits
118 are electrically connected to pads 100 | ocated on top |ayer 72 or
bottom |l ayer 78 by vias 84. The printed circuit board 70 may be constructed
froma material such as FR-4 which is available fronj for exanple, Mtorola
Inc., US A Alternatively, the printied circuit boards 70 can be nade of

an FR-5 substrate, available fromH tachi, Japan. FR-4 is an_epoxy resin
rei nforced wi bandingeadsyl29s asowhll benksevaces rghesr afasiiildl ipgithe
printed circuit board 70, one skilled in the art will recognize that four
par anet ers shaut ditbel ightsiofiethd, preseity diduloeuges, di el ectric constant,
glass transition tenperature and the coefficient of thermal expansion.

Thi ckness is depeneliafiireon 2t hgsnuabesimdl i ey S ciregsi-seck torth) heriaousie of
reinforcenent used in a given layer. The reinforcing glass cloth can range

int ;" ckness {106 AdH1 HagHHEPledd VG dABndR AR irfk eBirhBET clBRR(tYPe
packages along the A-A’.line of Figure 1. The integrated
circuit package 30 includes a silicon chip 50, which can be,
for example, any integrated circuit component such as a DRAM,
an EPROM, a SRAM or a LOGIC chip. Silicon.chip 50 is attached
to printed circuit board 70 in cavity 88 by an adhesive layer
60. The adhesive layer 60 may be made of, for example, a
double-sided adhesive polyamide tape, adhesive glue or epoxy.
The integrated circuit package 30 consists of three layers, a
top layer 72, an intermediate layer 76, and a bottom layer 78,
which may be printed éircuit board 70. Bottom layer 78 has a
cavity 88 for placing the adhesive layer 60 and the silicon
phip 50.
Intermediate layer 76 has upper conduits 18 disposed on,
or integral With, first surfacé 92. Intermediate layer 76 has
lowe£ conduits 118 disposed on, or integral with, second

surface 94. Upper conduits 18 and lower conduits 118 are



14 Dielectric constant is determ ned by a conbination of the resin used and
the thickness and type of reinforcenent used. Standard FR-4, for exanple,
has a dielectric constant of about 4.5. This constant can.be reduced to
about 3 by replacing the epoxy resin with a cyanate ester resin. The
greater the thickness, however, the greater the problens associated with

t hi ckness control, rough surfaces, excessive drill-reflection and poor
resin refill. The tenperature at whi ch d3resin changes froma glass- |ike
state into a "rubbery" state is generally deS|gnated as T[err] St andar d
FR-4 i s nmade SeREBELER¥ N GIMIRAEef py yidS Béng SRS R FRIGUitE & of
about 110 [err]C. Higher T[err] tenperatures, such as 125-150 [err] C may be
Wi t hst ood by teFmipate ein mm#dmgomldSepaxyhaFoarﬁimtiF[r@d]tQ/adqm,in' n
the range of 150 to 200 [err]C a cyanate ester:epoxy blend can be

used. Addi ¢lertatiosl pentactdesthrbondindg @gader LRvedncsiTikdn emilsohavi ng
a T[err] above 250 [err]C. The coefficient of thermal expansion for FR-4 is
about 16 ppm {gpéd Ceotadifd eigneaal Ndwae %&hhﬁbeatlaofaﬁéﬁeér@ét%w on

between the printed circuit board 70 nade from FR-4 and t
connected to pads 100 located on top layer 72 or bottom layer
78 by vias 84.

The printed circuit board 70 may be constructed from a
material such as FR-4 which is available from, for example,
Motorola Inc., U.S.A. Alternatively, the printed circuit
boards 70 can be made of an FR-5 'substrate, available from
Hitachi, dJapan. FR-4 is an epoxy resin reil;lforced with a
woven glass cloth. In selecting the material for printed
circuit board 70, one skilled in the art will recognize that
four parameters should be considered, namely, thickness,
dielectric constant, glass transition temperature and the
.coefficient of thermal expansion.

Thickness is dependant on the ﬁumber of layers required
and the amount of reinforceme;nt used in a given layer. The

reinforcing glass cloth can range in thickness from 2 mil per

sheet (type 106) to about 8 mil per sheet (type 7628).



15 silicon chip 50 can lead to failure of the integrated circuit package 30
during, not only the assenbly of the integrated circuit package 30, but

al so during the use of integrated circuit package 30. The adhesive |ayer
60 may be Htachi HML22u. Alternatively, the silicon chip 50 can be
adhered to a printed circuit board 70 with a die bonding filmsuch as

HI ATTACH 335 (DF-335) nenufactured by H tachi Chem-cal Conpany of Tokyo,
Japan. HI ATTACH 335 (DF-335) is S|Iver fl141 ed thernDsettlng type resin film
for die-atta .The bondi enerally inv attac the
1 mon the. etesy=aFr GrRetaREr 48 clbeindeg: By & 1 Srblel B 350, fe,
applied force of, 1000-3000 gr foll owed by the attachnent of S|I|con
chip 50 on tFesin pegd 2‘2@[%?‘? |théckaess apdohvRe P deintrsrenest ¥sedo00

grans. 16 DF-335 has the follow ng properties Test Remar ks -
Units StandpEd3BR-4Ap feur exanple, has\agdikglectric constant of about
silver film Solid Content 200[ err] G 2h wt %

[err] 96 4.5. This constant can be reduced to about 3 by replacing the
epoxy resin with a dyanate ester resin. The greater the
thickness, however, the greater the problems associated with
thickness control, rough surfaces, excessive drill reflection
and poor resin refill.

The temperature at which a resin changes from a glass-
like state into a “rubbery” state is generally designated as
Tg. Standard FR-4 is made with a bifunctionally polymerizing
epoxy that has a Ty of about 110 °C. Higher T, temperatures,
such as 125-150 °C may be withstood by using a tetrafunctional
epoxy. For higher T values, in the range of 150 to 200 °C a
cyanate ester:epoxy blend can be used. Additionally,
polyimides'provide for printed circuit boards having a T,
above 250 °C.

The coefficient of thermal expansion for FR-4 is about 16
ppm/°C. A difference in the coefficient of thermal expansion

between the printed circuit board 70 made from FR-4 and the



Ash Cont ent 600[err] C-1.5h W% 40 Ash Content/

600[err]C1.Sh wt % solid 42 Sol i d Thi ckness D al
gauge [err]m 25 Tensile R T.

kgf / m{ err] 7.1 Strength Tensile R T.

kgf frmierr] - 271 Modul us Di e shear 4x4mm chi p/ Ag kgf/chip
strength pl at ed aIon 42 R T. -

10 250[err]C - 0.9 Peel strength

LT B o o R S i

123 cured Mdul us Vi scoel asti c 1300
spect r onet er PREkagar a0 durlng,ggqugg¢¥1th@hassthéy of the integpayedx her

exanpl es of adhesives include thernosetting adhesives, such as epoxi es,
pol yi m des aqarsmitcpnekagheaﬁnpbaStbdsadwgsﬁnesUﬂqnuSEEDﬁoinnegrambdin
the formof sheets or as a pressure sensitive adhesive tape may al so be
circuit package 30.
The adhesive layer 60 may be Hitachi HM122u.
Altefnatively, the silicon chip 50 can be adhered to a printed
circuit board 70 with a die bonding f£ilm such as HIATTACH-335
(DF-335) manufactured by Hitachi Chemical Company of Tokyo,
Japan. HIATTACH-33% (DF-33§Y is silver filled thermosetting
type resin film for die-attaching. The bonding process
generally involves attaching the film on the printed circuit
board 70 at 160° C for S seconds with an applied force of
1000-3000 grams, followed by the attachment of silicon chip S50

on the f£ilm at 220° C for S seconds under a force of 150-200

grams.



used to adhere silicon chip 50 to the printed circuit board
Commonly used are adhesive tapes based on el astoners,

17 70.

because of their ease of use and easy incorporation into production.
Internediate | ayer 76 may include a pair.of bus bars (not depicted).

bus bars may serve,
preferred that one. _
t he second bus bar serve another functi &6,

bus bar

for exanple, as power supplies or grounds,
serve one function,

and it

silicones or acrylics

The

s

such as a power supply,
such as a ground. Sol-der balls

and

150 are located on pads 100 fQ allowin

attached to ot her conponents,
menory nodul e__Even though Figure 2 depicts integrated circuit

Suc

WTHER A S

gackage 30 to be
gingle in-line

parkagp 30

as having thregstayers 72, Tfewapkk 78, it'_ skeidsd be under stroxsd by one
mul ti -1 ayer ed BB @ ffavi ng a%s&f‘]t ernate nuiiber of |ayers3¥fF §Her balls
150 used W th dhgs ReMsapt | NYRPEIEN My beygd tached to tRhggpads 100 using

skilled int

conventi onal

sol der refl ow
Ash Content §00°C-1.5h wtd 40
Ash Content/ 600°C-1.5h wt¥/solid 42
Solid
Thickness Dial gauge g 25
Tensile R.T. kgf/mm? 7.1
Strength
Tensile R.T. kgf /mm? 271
Modulus
Die shear 4xamm chip/Ag kgf/chip
strength plated alloy 42
R.T. 210
250°C 0.9
Peel strength 8x8mm chip /bare kgf/chip 23.0
240°C {after/ alloy 42
85°C 85%,48h)
Tg TMA, 180°C-1h °c 123
cured
Modulus Viscoelastic Mpa 1300
spectrometer
Moisture 85°C/8S%RH, 48h wt% 0.1
Other examples of adhesives include thermosetting
adhesives, such . as epoxies, polyimides and silicone.

Thermoplastic adhesives that are hot-melted,

in the form of

sheets or as a pressure sensitive adhesive tape may also be

-

used to adhere silicon chip 50 to the printed circuit board



systens. For exanple, a vapor phase solder refl ow system may 18 be used,
whi ch condenses vapor to surround the integrated circuit package. 30 and the
printed circuit board 70 with a cloud of steam A liquid, such as a

nonchl ori nated (non CFC) fluorocarbon "is first heated with enough energy
to forma vapor and to sustain a vapor cloud. When the integrated circuit
package 30 is then passed through the vapor, the vaporized |iquid condenses
thereon and gives off the |atent heat of7 vaporization. This energy is then
transferred tg the,integrated circuit.package 30. As .| ang as the

i nt egr at ed ci';r%)c'ui tc?f”élé‘?éﬁ'e Lﬁ?q?é?%ﬁ i er?"tvﬁe%\?gﬁgr baggd Qgpﬁiaé%ﬁﬂeﬁﬁés ‘to
give off enerqy at a repeatable fixed rate and tenperature, until the

i ntegrated cisiddicongscREgECEY! eacheeaysr fe et gescoPrLt HECY 3PS 2TKe
advant age of using a nonchlorinated fluorocarbon is* that it is extrenely
thermal | y st dbicorpoghbibrsintedurddstiszmd nonfl ammable. In addition, it has
a lowtoxicity, |ow surface tenperature, |low boiling point, and | ow heat of

vapori zation. Becanserhddidteuilleyépr 76 Giayt Qachade Ghipaitnef ashd Ihssodashon i s
inert, it does not react with fluxes or conponent materials,

depicted). The bus bars may serve, for example, as power

supplies or grounds, and it is preferred that one. bus bar
serve one function, such as-a power supply, and the second bus
bar serve another function, such as a ground.

Soclder balls 150 are 1located on pads 100 to allow
integrated c¢ircuit package 30 to be attached to other
components, such as a motherboard or a single in-line memory
wmodule.

Even though Figure 2 depicts integrated circuit package
30 as haviﬁg three layers 72, 76 and 78, it should be
understood by one skilled in the art that integrated circuit
package 30 may consist of a multi-layered board having an
alternate number of layers.

The solder balls 150 useé with the present-inveﬁtion may
be attached to the pads 100 using conventional solder reflow

systems. For example, a vapor phase solder reflow system may



nor does it absorb oxygen or other gases that cause reactions 19 during
the solder reflow Mbost commercially available fluorocarbons used
for vapor phase reflow are fornulated to vaporize at precisely stable

reflow tenperatures for different solder materials, as wll
those skilled in the art. The vaporization tenperature wll

be known to
depend on the

sol der type being used. A brief |ist of the tenperatures at which
non-chl ori nated fl uorocarbons are used %%)generate vapor fluids, and the

rature

omer ot bahe dhed, CRRROR| Lbfieh oML CL8 Y surrofla VRRE" ibgRired

Tenper at ures and ypes

37 Sn/ 38 Pb/ 55

6, 80, 97, 1Q%#ﬁ%%% ac) Cé?g% and thelggiLEeQSEEEEng:b9ﬁn%n7a8w;%¢1§ In

cloud of steam. A liquid, such as a nonchlorinated (non CFC)
fluorocarbon 'is first heated with enough energy to form a
vapor and t§ sustain a vapdf cloud. When the integrated
circuit package 30 is then pagsed through the wvapor, the
vaporiéed liquid condenses thereon and gives off the latent
heat of vaporization. This energy is then transferred to the
integrated circuit package 30. As long as the integrated
circuié package 30 remains in the vapor, the vapor continues
to give off energy at a repeatable fixed rate and temperature,
until the integrated circuit package 30 reaches the
temperature of the wvapor.

The advéntage of using a nonchlorinated fluorocarbon is-
that it is extremely thermally stable, colorless, odorless and
ponflammable. In addition, it has a low toxicity, low surface
temperature, low boiling point, and iow heat of vaporization.
Because the flgid form of the-non-chlorinated fluorocarbon is
inert, it does not react with fluxes'or.component materials,

nor does it absorb oxygen or other gases that cause reactions



7.0°1n/30 Pb 174[err]C 60 1 n/40 Pb 190[err]C
90 In/10 Ag 50 In/50 Pb 63 Sn/37 Pb 70 Sn/30 Pb 60 Sn/40 Pb 215[err] C and

230[err]C .60 Sn/40 In 60 Sn/40 Pb 63 Sn/37 Pb 70 Sn/ 30 Pb
62 Sn/ 36 Pb/2 Ag 240[err]C and 253[err]C . 75 Pb/25 In 81 -
Pb/19 In 260[err]C and 265[err]C 96.5 Sn/ 3.5 Ag

Alternatively, infrared or radi ant heated sol der -refl ow nmay be used. In
such a system each conponent of the sold@ring .systemis directly exposed to

radi ati on froEggaﬁgaghﬁg elSHERt . Lf, f  omybhe Qggh@ggﬁ%ggggyaegfigg&eiS

absorbed by t ferent conponents according to 1ts no | ar structure.
Convent | o0 il BBbaEate AUEAE Tart ARRS, Bipbe! DEcEYl oLrs VELBRERaELa S
vaporize at precisely stable reflow temperatures for different
solder matefials, as will be known to those skilled in the
art.
The vaporization temperature will depend on the solder
type'being used. A brief list of the temperatures at ﬁhich
non-chlorinated fluorécarbons are used to generate vapor

fluids, and the corresponding solder composition is shown

below.



21 reach interior areas as efficiently as with vapor saturated heating

et hods as descri bed above. The present invention, however, is not affected
by this typical problem because of the use of solder balls 150 instead of

| eads. In fact, due to the reduced overall size either nethod, vapor phase
sol der reflow or radiant heated sol der reflow, may be effectively used with
the present invention-. The present invention al so solves other problens
associated with soI der refl ow systens. 2fhese probl ens include the <creation

or failure due p jOII’ltS
conponent cracki ng, Y%égrq]%ath% lr% ggkég‘?ﬁ% rmﬁesm ng. gure 3is a
sinplified CWWWWMm an
integrated ci Ftuid Tagea@euek t he present ingebdéeprrygwt is generally ,
desi gnat ed 49—+H+epﬁ=eéka+e4—aye+-¥6+s—dep1—e+ed—ha«ﬂ—ﬁg—aﬁ—u-p-pe+—5tﬁ4 ace 92
and a | ower sBffa®® ®F. Bi0dpoded°alamd | ower 180r¥mce 94 is a | ower conduit
118 that is elBst¢ically connected to a via 382, SnfagPh/2%lIactrically

connected to an per conduit 18. Upper conduit 1 trav | s aI ong upper
surface 92 untf? é) reaches 70 ? /e
70 In/30 Pb

174°C _ . 60 In/40 Pb

190°C 90 In/10 Ag
' S0 In/S0-Pb
63 Sn/37 Pb
70 Sn/30 Pb
60 Sn/40 Pb

215°C and 230°C 60 Sn/40 In
60 Sn/40 Pb

63 Sn/37 Pb
70 Sn/30 Pb
62 Sn/36 Pb/2 Ag

240°C and 253°C 75 Pb/25 In
81 Pb/19 In

260°C and 265°C ' 96.5 Sn/3.5 Ag

Alternatively, infrared or radiant heated solder reflow
may be used. In such a system each component of the soldering
system is directly exposed “to radiation from a heating
element.' Heat from the radiant energy element is absorbed by
the different components according to its molecular structure.

Conventional radiant heat systems expose only the outer

surfaces of the components to the radiant heat, which may not



22 another via 84 that electrically connects upper conduit 18 to a | ower
conduit 118 on | ower surface 94. ‘The types of vias 84. that nmay. be used
with the present invention include small holes drilled through the prlnted
circuit board material that are lined or filled with electrically
conductive material. Alternatively, blind or buried vias 84 may be used
with the bridging interconnections of the present invention, depending on
t he nunber of |ayers and type of sequerdlial |amination used to produce the
printed circuit board 70. The present_invention achi eves an overal

reducti on i n jeRcdyriaterierr aupes paekabEigiendinyas Mith yapey srsusptedon
chip 50 between printed circuit board |layers. The silicon chip 50 is
attached to ezniingy n@8hodki 6 deébonmbbddraliesy .casie fpridsent duwenbiohe
elimnation of wire bonding. The present invention further reduces the

overal | nunbgfowdfvreit, els nbtt BEfascedby tHis fOfpiaARrobleRnBeyaustt £bY
stream ining the assenbly process not only in reduced nunber of steps, but

al so by el i mdal 4,38 LP&AHEa $1EPSAIRRELAE &k \metalasencw%&tl Bde to
integrated circuit. The present invention further reduces
the reduced overall size either method, vapor phase solder
reflow or radiant heated solder reflow, may be effectively
used with the present invention..

The present invention also solves other problems
associated with solder reflow systems. These problems include
the creation or failure due to voids, coplanarity,
tombstoning, open joihts, coumponent cracking, thermal shock
and thermal st;essing.

Figure 3 is a simplified cross-sectional close-up of
bridging interconnections within an integrated circuit package
of the present invention that is generally designated 40.
Intermediate layer 76 is depicted having an upper surface 92
and a lower surface 94. Disposed aléng lower surface 94 is a
lower conduit 118 that is eleétrically connected to a via 84,
which is electrically connected to an upper conduit 18. Upper

conduit 18 travels along upper surface 92 until it, reaches



23 anmount of material used in producing integrated circuit packages 30,

t hereby saving tine, noney and the environnment. Furthernore, the nethod of
the present invention takes advantage of the cavity 88 at the center of the
printed circuit board 70 for connecting the silicon chip 50 and the |ayers
of a bottomlayer 78. in a single step. By placing an adhesive |layer 60 in
the cavity 88 of -bottomlayer 78 the silicon chip 50 is generally protected
fromthe environment and, nore particul a2y, is protected from noi sture due

to the hernetic nature of th n sul.ati The resent i nvent L on. al so

el i ni nates th&™ ?ll[e}é%r 5§t f‘ﬁﬁg ﬁg$ ti’lil'é“l"’lﬁgr 83?’11?/ d’t?(?eﬁgcf’ﬁg ee}'il
profile of the integrated circuit package 30. By elimnati'ng the need for
potting mat er RatOWRThEFFREENt 1S Rrelrier BieiRcs ?ﬂﬁ nat ¥ tymescofs Yies &t of

expansi on of potting material as one of the variables that affects
i nt egrat ed ci thakt magl bgbiusedy wilthe tree sprssanty einvent igns olrreldidse ssndid
probl ems of coplanarity by using solder balls 150 to attach the integrated
circuit packapeléd drilard khropgh nfled priihesdt choarit wacd asterial hehatboar d
or sister board, because there are no | eads
are lined or filled with electrlcally conductlve material.
Alternatively, blind or buried vias 84 may be used with the
bridging interconnections of the present invention, depending
on the number of layers and type of sequential lamination used
to produce the printed circuit board 70.

The present invention achieves an overall reduction in
integrated circuit package 30 height by placing the silicon
chip 50 between printed circuit board layers. The silicon
chip 50 is attached to a cavity 88, which allows for decreased'
failure due to the elimination of wire bonding. The present
invention further reduces the overall number of steps in the
gssembly of, for example, memory units by streamlining the
assembly- process not only in reduced number of steps, but also

by elimination the curing steps associated with encapsulating

integrated circuit. The present invention further reduces the



24 that may bend and there are no deviations fromthe plane of the board to
which the integrated circuit package 30 is being connected. Additionally,
reduced environnental inpact is obtained using the nethod and apparatus of
the present invention due to the overall decrease in the size of the
integrated circuit package 30, and the reduced nunber of conponents. Wile
this invention has been described in reference to illustrative enbodi nents,
this description is not intended to be aGnstrued inalimting sense.

R s L

wel | as ot her

skilled'in the ﬁ upo ference to the descrlptlon Is therefore
i nt ended t haP2FRRISH d SERY nEARhES by AAreyueRd nBﬁ?f?%%&?Qﬂﬁ??ﬁ
enbodi nent s. 25 Cains 1. An integrated circuit package conprising:

first and second Fayehermoygi dther sethod oécbhe Pﬁ?’é‘?@t ebrvrertdamgdkesst and

second surfaces;
advantage of the cavity 88 at the center of the printed

circuit board 70 for connecting the silicon chip 50 and the
layers of a bottom'layer 78 in a single step. By placing an
adhesive layer 60 in the cavity 88 of bottom layer 78 the
silicon chip 50 is generally protected from the environment
and, more particularly, is protected from moisture due to the
hermetic nature of the encapsulatioa..

The present invention also éliminates the need for
potting material, greatly reducing the overall profile of the
integrated circuit package 30. By eliminating the need for
potting material, the present invention also eliminates.the
coefficient of expansion of_potting material as one of the
yariables that affects integrated circuit reliability.

The present invention also fedgces the problems of
coplanarity by using solder bails 150 to attach the integrated
circuit package 30 to another printed circuit board, such as

a mother board or sister board, because there are no leads



a chip disposed between said second surface of said first |ayer and said
first surface of said second |ayer, said chip having a bonding pad; a
conduit having first and second ends, said first end electrically connected
to said bonding pad, said conduit partially disposed on said second surface
of said first layer and partially disposed on said first surface of said
first layer; a pad electrically connectgg to said second end of said
conduit; and a solder ball |ocated on s&aFfd pad. 2. The integrated circuit

package as regited in cla m mgerein said conduit further inclydes a.via
et ondi g bet ot T BT SRt AHSER cBRE B0 FEERE AR 4o 8 PLApE oF3.
The integrated circuit package as recited in claim1 further including a
third | ayer ditsdoagdohosuhirh ithe: ighegrredicigsudts package\dd is bejipgy,
An integrated circuit package conprising: first and second | ayers, said
first and seommthdciedr.s each having first and second surfaces; a chip
di sposed between said second surface of said first
' Additionally, reduced environmental® impact is obtained
using the method and apparatus of the present invention due to
the overall decrease in the size of the integrated circuit
' package 30, and the reduced number of components.

While this invention has been described in reference to
illustrative embodiments, this description is not intended to
be construed in a limiting sense. Various modifications and
combinations of the illustrative embodiments, as well as other
embodiments of the invention, will be apparent to persons
skilled in the art upon reference to the description. It is

therefore intended that the appended claims encompass any such

modifications or embodiments.



| ayer and said first surface of said second | ayer, said chip having a
bondi ng pad; a conduit having first and second ends, said first end
electrically connected to said bonding pad, said conduit partially disposed
on said second surface of said first |ayer and partially disposed on said
first surface of said first layer; and a pad electrically connected to said
second end of said conduit; wherein said pad is disposed on said second
surface of said second | ayer. 5. The PRtegrated circuit package as
recited in claim4 further conprising a via extending through said second
| ayer el ectri &daityigonbaimedhd.ssai d conduit with a said pad. 6. The
integrated circuit package as recited in claim 1l further including a pad
di sposed on said f#rst Aurinkegrgtedaicdrrrisipagage compyising: The
integrated circuit package as recited in claim1l wherein said conduit has
first, second and €hrstl sedtseosnd sdagefs s ssabdcfiwst dirshosmrbreh kayars
second surface of said first |ayer, said second section disposed on said
first surfaceeakthsBa®ing first and second surfaces;

a chip disposed between said second surface of said first
layer and said first surface of said second layer, said chip
having a bonding pad;

a conduit having first and second endé, said first end
electrically connected to said bonding pad, said conduit
partially disposed on said second surface of said first layer
and partially disposed on said first surface of said first
layer; and

a pad electrically connected to said second end of said

conduit.

2. The integrated circuit package as recited in claim
1 wherein said conduit further includes a via extending

between said first and second surfaces of said first layer.
. * [ L M S *
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second |l ayer, and said third section disposed on said second surface of
said first |ayer. 8. The integrated circuit package as recited in claim1l
“further including a routing pad di sposed on said second surface of said
first layer, said routing pad electrically connecting said conduit with
sai d bondi ng pad. 9. A integrated circuit package conprising: first and
second | ayers, said first and second | ayers each having first and second
surfaces, and said second |ayer having cavity; a plurality of routing

pads being integrgl w sal ; ' LSt yer; ip
adhered in said chﬁ t y{rﬂgal d&c%%%%hﬁg\??#gageg?%}éﬁét %Jofre%%ﬁélangﬁp% sm ’
electrically copnected to said routing. steips; .plurality of conduits,

sai d condui t & haWY % i }%‘f’f‘é gse?:ohgg’é‘idé,aggsi gh%gﬁ’ﬁﬁiit %arsiar’éfl gl’a?%posed
on said second surface of ,said first |ayer and said first surface of said
second , | ayesurfarg Pfr&ridnfixdtedf¥PEal |y connected to said routing 28

vias electrically connecting said conduits partially disposed on said
second surface of said first |ayer and said

4. The integrated circuit package as recited in claim

1 further including a solder ball located on said pad.

S. The integrated circuit package as recited in claim
1 wherein said pad is disposed on said second surface of said

second layer.

6. The integrated circuit package as recited in claim
S further comprising a via extending through said second layer

electrically connecting said conduit with said pad.

7. The integrated circuit package as recited in claim
1 further including a pad disposed 6q said first surface of

| L]

-
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conduits partially disposed on said first surface of said second | ayer; a
plurality of pads di sposed on said second surface of said second |ayer,
said pads electrically connected with said second ends of said conduits;
and a plurality of solder balls |ocated on said pads. 10. An integrated
circuit package conprising: first and second |ayers, said first and second
| ayers each having first and second surfaces, and'said second |ayer

havi ng a-cavity; a plurality of routing pads being integral with said
second surface of said fhd SntearatedacLhti i gkedel assabdicedi L1y, claind
chip having a plurality of bonding pads electrically connected to said

routing pads; 1%@&1—@%'&&’1&3%&‘&&%' his PRtk CUUMBINGS aRBY EAIrd ! s&de £,

second ends sald conduits parti all dlsposed on sai d second surface of
said first |ayerqapd, gaidoLiish a4 o%ced Un B SE600h | RS L1
end el ectricalTy conhect 8d-to sard ¥ outl n pa S, V|as i ca

connecting | SBLdaecqugts ST RS B

surface of said second layer, and said third section disposed

on said second surface of said first layer.

9. The integrated circuit package as recited in claim
1 further including a routing pad disposed on said second
surface of said first layer, said routing pad electrically

connecting said conduit with said. bonding pad.

\\II\I\\ \\\l\\ |||\\ I | \ll\
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29 ‘conduits partially disposed on said first surface of said second |ayer;
a plurality of pads disposed on said second surface of said second | ayer,
said pads-electrically connected with said second ends of said conduits;
and a plurality of pads disposed on said first surface of said first |ayer.
11. The integrated circuit package as recited in claim10 further
including a plurality of .solder balls |lgcated on said pads di sposed on said
first surface of -said first layer and a plurality of solder balls |ocated

on said pads di speged gnisaida3ee0ed reul tapsckigs aichpreesnd: | ayer. 12. A
integrated circuit package produced by a process conprising the steps of:

bt ai ni first , id fi i
frret and second Curfocand sEYShE 18pLfe; bala SRELSCCOM sduaid ffSraRilNO

second | ayer, said_chi avin bondi ng pad; disposj ng.g condui.t, havi ng
Frret and sesgnd Brutd FEe 4ed 223hd0e aoce BN FRLAFREOH 1908 |
di sposed on said first surface of said first layer and partially disposed
on sai d secoR@vdngfacePB¥t%aid first |ayer;

a plurality of routing pads. being integral with said
second surface of said first layer;

a chip adhered in said cavity, said chip having a
plurality of bonding pads eiectrically connected to said
routing strips;

a plurality of conduits, said conduits having first and
second ends, said conduit partially disposed on said second
surface of said first layer and said first surface of said
second layer, said first end electricallﬁr connected to said
routing pads;

wvias electrically connecting said conduits partially
disposed on said second surface of sé.id first layer and said
.conduits_ partially disposed on said first surface of said

second layer; and e

This Sheet Has Been Replaced
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30 electrically connecting said first end of said conduit to said bonding
pad; electrically connecting said second end of said conduit to a pad on
sai d second surface of said second |layer; and disposing a third | ayer on
said first surface of said first layer. 13. The process ‘as recited in claim
12 wherein said conduit further includes a via extending between said first
and second surfaces of said first layer.,,14. The process as recited in
claim12 further including the step of agpositing a solder ball on said

pad. 15. An integraiqd,chieyl bepg 599'?1%&%%3; @ Y266 ssamgeswg the

steps of: obtaining®*firs sal rst and second”l ayers
each having fir, and cond surf gces; to

surface of szfiar}%SEESﬂﬂg & 8318 BRSD %Qﬁﬁ 3§BX 9@6%?? g‘pﬁgﬁi\g a
conduit having first and second ends on said flrst | ayer, said condU|t

bei ng parti al9egcadsgadadobreaid Fmdtssurface of said first Iayer and
partially di sposed on said second surface of sald | ayer;

11. The integrated circuit package as recited in claim
.10 further including'a plurality of solder balls located on

said pads.

12. The integrated circuit package as recited in claim
10 further including a plurality of pads disposed on said

first surface of said first layer..

13. The integrated circuit package as recited in claim
12 further including a plurality of solder balls located on
said pads disposed on said first surface of said first layer
and a plurality of solder balls located on said pads disposed

on said second surface of said second layer.

L
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31l electrically connecting said first end of said conduit to said bonding
pad; electrically connecting said second end of-said conduit to a pad on
sai d second surface of said second |layer; and electrically connecting said
conduit with a via extending through said first and second | ayers. 16.

The process as recited in claim12 further including a pad di sposed on said
first surface of said first layer. 17. 35 The process as recited in
claim 12 wherein said conduit has first, second and third sections, said

first section di spasedaointsatjrhterr eidcuit! packafe TRicdukedsby! ayprocess d
second section di sposed on said first surface of said second |ayer, and
said third segmp?RsdhgPOse ki psyed second surface of said first |ayer.
| obtaining first and second layers, said first ;nd second
layers each having first and second surfaces;
adhering a chip to said first surface of said second
layer, said chip having a bonding pad;
disposing a conduit having first and second ends on said
first layer, said conduit being partially disposed on said
first surface of said first layer and partially disposed on
said second surface of said first layer;
electrically connecting said first end of said conduit to
said bonding pad; and
eleétrically connecting said second end of said conduit

to a pad on said second surface of said second layer.

15. The process as recited in claim 14 wherein said

conduit further includes a via extending between said first

P e e o S
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31
16. The process as recited in claim 14 further including

the step of disposing a third layer on said first surface of

said first layer.

17. The procéss as recited in claim 14 further including

the step of depositing a solder ball on said pad.

18. The process as recited in «claim 14 further
comprising a via extending through said first and second

layers and electrically connecting said conduit with said via.

19. The process as recited in claim 14 further including

a pad disposed on said first surface of said first layer.

20. The process as recited in claim 14 wherein said

conduit has first, second and third sections, said first

section disposed on said second surface of said first layer,

said second section disposed on said first surface of said
second layer, and said third section disposed on said second

* c L M S *

surface of said first layer.
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