L ]

200003551-9
24 JUN 2O

1
ELECTRONIC PACKAGE FOR ELECTRONIC

COMPONENTS AND METHOD OF MAKING SAME
TECHNICAL FIELD

The present invention relates, in general, to an electronic package for mounting of

integrated circuits, and in particular, to an organic multi-layered interconnect structure for use in
such a package.

BACKGROUND OF THE INVENTION

Organic substrates for example printed circuit boards and chip catriers have been and
continue to be developed for many applications. These are expected to displace ceramic
substrates, in particular in many chip carrier applications, because of reduced cost and enhanced
electrical performance. The use of a multi-layered interconnect structure such as an organic chip
carrier for interconnecting a semiconductor chip to a printed circuit board in an electronic
package introduces many challenges, one of which is the reliability of the connection joints
between the semiconductor chip and the organic chip carrier and another of which is the

reliability of the connection joints between the organic chip carrier and the printed circuit board.

As semiconductor chip input/output (I/O) counts increase beyond the capability of
peripheral lead devices and as the need for both semiconductor chip and printed circuit board
miniaturization increases, area array interconnects are the preferred method for making large
numbers of connections between a semiconductor chip and an organic chip carrier and between
the organic chip carrier and a printed circuit board. If the coefficient of thermal expansion (CTE)
of the semiconductor chip, the organic chip carrier, and the printed circuit board are substantially
different from one another, industry standard semiconductor chip array interconnections to the
organic chip carrier can exhibit high stress during operation (thermal cycling). Similarly, the

industry standard ball grid array (BGA) interconnections between the organic chip carrier and
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printed circuit board can also exhibit high stress during operation. Significant reliability

concerns may then become manifest by failure of the connections or even failure of the integrity
of the s_emiconductor chip (chip cracking). These reliability concerns significantly inhibit design
flexibility. For example, semiconductor chip sizes may be limited or interconnect sizes, shapes
and spacing may have to be customized beydnd industry standards to reduce these stresses.
These limitations may limit the electrical performance advantages of the organic electronic
package or add significant cost to the electronic package. Typically a semiconductor chip has a

CTE of 2-3 parts per million per degree Celsius (ppm/°C) while a standard printed circuit board
has a much greater CTE of 17-20 ppm/°C.

It is therefore desirable to reliably interconnect a semiconductor chip to a printed circuit
substrate or board in a fashion that significantly improves electrical performance . An electronic
package that includes a multi-layered interconnect structure, an organic chip carrier that is
relatively compliant and made by selecting the materials and thickness of the materials to yield a
chip carrier CTE of only about 10-12 ppm/°C, can substantially prevent failure of the -
interconnections between the semiconductor chip and the organic chip carrier and between the
organic chip carrier and the printed circuit board. Furthermore, it can enable design of the
electronic package to significantly improve electrical performance. It is believed that such a

structure and method for making same would constitute a significant art advancement.
OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, it is an object of this invention to enhance the art of electronic packaging by

providing an electronic package with significantly improved electrical performance.

Another object of this invention is to provide a multi-layered interconnect structure for
use in an electronic package, the multi-layered interconnect structure including a thermally
conductive layer comprised of a material having a thickness and coefficient of thermal expansion

to substantially prevent failure of solder connections between a semiconductor chip and a



circuitized substrate.

Yet another object of this invention is to provide an electronic package having a

semiconductor chip with a plurality of contact members connected by solder connections to a
multi-layered interconnect structure.

Still yet another object of this invention is to provide a method of making such an
electronic package having a multi-layered interconnect structure that is relatively compliant and
includes a CTE so as to substantially prevent failure of solder connections between the
semiconductor chip and the multi-layered interconnect structure.

-

Another object is to provide such a method and structure that are both adaptable to mass
production, thus assuring lower costs.

According to one aspect of the invention, there is provided a multi-layered interconnect
structure adapted for electrically interconnecting a semiconductor chip and a circuitized substrate
using solder connections, the multi-layered interconnect structure comprising a thermally
conductive layer including first and second opposing surfaces and first and second dielectric
layers positioned on the first and second opposing surfaces, respectively. The multi-layered
interconnect structure includes first and second pluralities of electrically conductive members
positioned on the first and second dielectric layers, respectively, each of the first and second
pluralities of the electrically conductive members being adapted for having solder connections
thereon, for being electrically connected to a semiconductor chip and a circuitized substrate,
respectively. The thermally conductive layer is comprised of a material having a selected
thickness and coefficient of thermal expansion to substantially prevent failure of the solder
connections between the first plurality of electrically conductive members and the semiconductor

chip and between the second plurality of electrically conductive members and the circuitized
substrate.
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According to another aspect of the invention there is provided a method of making a
multi-layered interconnect structure adapted for electrically interconnecting a semiconductor chip
and a circuitized substrate using solder connections, the method comprising the steps of
providing a thermally conductive layer including first and second opposing surfaces and
positioning first and second dielectric layers on the first and second opposing surfaces of the
thermally conductive layer, respectively. The method further includes the step of positioning
first and second pluralities of electrically conductive members on the first and second dielectric
layers, respectively, each of the first and second pluralities of the electrically conductive
members being adapted for having solder connections thereon for being electrically connected to
a semiconductor chip and a circuitized substrate, respectively. The thermally conductive layer is
comprised of a material having a selected thickness and coefficient of thermal expansion to
substantially prevent failure of the solder connections between the ﬁrét plurality of electrically

conductive members and the semiconductor chip and between the second plurality of electrically
conductive members and the circuitized substrate.

According to yet another aspect of the invention, there is provided an electronic package
comprising a semiconductor chip having a first surface, the first surface including a plurality of
contact members, and a multi-layered interconnect structure adapted for electrically
interconnecting the semiconductor chip to a circnitized substrate. The multi-layered interconnect
structure includes a thermally conductive layer having first and second opposing surfaces, first
and second dielectric layers positioned on the first and second opposing surfaces, respectively,
and first and second pluralities of electrically conductive members positioned on the first and
second dielectric layers, respectively. The first plurality of electrically conductive members
includes a plurality of solder connections electrically connected thereto, respective ones of the
soider connections being electrically connected to respective ones of the plurality of contact
members on the semiconductor chip. The thermally conductive layer being comprised of a
material having a selected thickness and coefficient of thermal expansion to substantially prevent

failure of the solder connections between the first plurality of electrically conductive members

and the semiconductor chip.
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According to still yet another aspect of the invention, there is provided a method of
making an electronic package comprising the steps of providing a semiconductor chip having a
first surface, the first surface including a plurality of contact members thereon and providing a
multi-lé.yered interconnect structure adapted for electrically interconnecting the semiconductor
chip to a circuitized substrate, the multi-layered interconnect structure including a thermally
conductive layer, héving first and second opposing surfaces, first and second dielectric layers
positioned on the first and second opposing surfaces, respectively, and first and second pluralities
of electrically conductive members positioned on the first and second dielectric layers,
respectively. The method further includes the step of providing a first plurality of solder
connections on the first plurality of electrically conductive members and connecting respective
ones of the first plurality of solder connections to ;'espective ones of the plurality of contact
members on the semiconductor chip. The thermally conductive layer being comprised of a
material having a selected thickness and coefficient of thermal expansion to substantially prevent

failure of the solder connections between the first plurality of electrically conductive members
and the semiconductor chip.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a much enlarged partial sectional view, in elevation, of the electronic package of
the present invention illustrating a semiconductor chip assembled to a multi-layered interconnect

structure and the multi-layered interconnect structure assembled to a circuitized substrate; and

FIG. 2 is a process flow diagram showing the method for making the electronic package
according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides an electronic package which includes a multi-layered
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interconnect structure (an organic chip carrier) and a semiconductor chip, the multi-layered
interconnect structure being relatively compliant and baving a CTE of about 10 to about 12
ppmy°C which can substantially prevent failure of interconnections between the semiconductor

chip and a printed circuit board to which the package can be assembled.

Referring td FIG. 1, a partial sectional view, in elevation, of one embodiment of the
electronic package 10 of the invention is shown. The electronic package 10 includes a
semiconductor chip 12 having a first surface 14, the first surface including a plurality of contact
members 16, thereon. The plurality of contact members are preferably Controlled Collapse Chip
Connection (C4) solder balls, each coupled to respective contact (not_shown) on the chip’s first
surface 14r Other contact member shapes that can be used in this invention are columns and
cylinders. C4 solder balls are comprised of solder material preferably having a composition of
about 97% lead and about 3% tin with a melting point of about 310 °C. The electronic package
includes a multi-layered interconnect structure 18, preferably an organic chip carrier, adapted for
elecfrically interconnecting the semiconductor chip 12 to a circuitized substrate 100 (e.g., printed
circuit board) by means of a plurality of solder connections 20 , preferably solder balls. The
multi-layered interconnect structure 18 (which will be described in detail below) includes a
thermally conductive layer 22 having first and second opposing surfaces 24 and 26, respectively.
A first dielectric layer 28, which may include sublayers 29,30,31 and 32, is positioned on the ﬁrs-t
opposing surface 24 and a second dielectric layer 34, which may include sublayers 35, 36, 37
and 38, is positioned on the second opposing surface 26. Layers 29, 30 and 32 of first dielectric
layer 28 and layers 35,-36 and 38 of second dielectric layer 34 are composed of an organic
polymeric material, preferably filled with a particulate material. The dielectric constant.of these
dielectric layers is preferably from about 1.5 to about 3.5, more preferably from about 2 to about
3. The thickness of the filled dielectric layers can vary according to the desired design
performance characteristics of structure 18. Preferably, the thickness of each of the dielectric
layers 28 and 34 is from about .001 inches (1 mil) to about 9 mils. Significantly, the dielectric
material does not contain conventional woven fiberglass; such absence of woven fiberglass

enabling through holes to be closely spaced. Indeed, spacing less than 100 mils, preferably less
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than 50 mils, more preferably 25 mils, most preferably less than 10 mils between centers, is
achievable without electrical shorting between adjacent conductive through holes. The.
coefﬁc_ient of thermal expansion of each of the dielectric layers 28 and 34 is preferably from
about 2 to about 8 ppm/°C, more preferably from about 2 to about 3 ppm/°C. Preferably, the
particulate filler has a diameter less than about 10um, more preferably from about 5 to about
8um. Preferably, the particulate filler is present from about 30 to about 70 percent by weight,
more preferably from about 40 to about 60 percent by weight of the material. Preferably, the
particulate filler is silica. Suitable materials for the dielectric layer include, for example, cyanate
ester and polytetrafluoroethylene. A suitable silica filled polytetrafluoroethylene is available as
HT 2800 from Rogers Corporation (Rogers, Connecticut). First dielectric layer 28 and second
dielectric Jayer 34 can also include first and third electrically conductive layers 31 and 37,
respectively, within the dielectric layers for serving as power and/or ground connections. The
first dielectric layer 28 and the second dielectric layer 34 can further include second and fourth
electrically conductive layers 39 and 41, respectively. Electrically conductive layers 39 and 41
are preferably signal carrying conductors. The second electrically conductive layer 39 is
positioned between the first electrically conductive layer 31 and the thermally conductive layer
22. The fourth electrically conductive layer 41 is positioned between the third electrically
conductive layer 37 and the thermally conductive layer 22. Electrically conductive layers 31, 37,
39, and 41 can be comprised of a suitable metal such as copper or aluminum, (preferably copper)
and can have a thickness of from about 0.20 to about 1.0 mils, preferably about 0.50 mils. An
important aspect of the current invention is that each of the signal carrying layers 39 and 41 is
shielded on either side by an electrically conducting layer which significantly reduces signal
noise. Signal carrying layer 39 is shielded by electrically conducting layers 31 and 22, while
signal carrying layer 41 is shielded by electrically conducting layers 37 and 22.

A first plurality of electrically conductive members 40 is positioned on the first dielectric
layer 28 and a second plurality of electrically conductive members 42 is positioned on the second
dielectric layer 34. These electrically conductive members are preferably comprised of a metal,

the preferred metal being copper. The first and second pluralities of electrically conductive
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members 40 and 42 can have thicknesses ranging from about 0.25 to about 1.5 mils. A plurality
of solder connections 47 positioned on a plurality of microvias 55 and in electrical contact with
the first plurality of electrically conductive members 40 are electrically connected to respective
ones of the plurality of contact members 16 on the semiconductor chip 12. The microvias 55 are
a first plurality of openings with internal walls formed in a third dielectric layer 46 that expose at
least portions of the first plurality of electrically conductive members 40. Each of the first
plurality of openings includes a layer of electrically conductive material 45, preferably copper,
positioned on the internal walls of the first plurality of openings and on portions of selected ones
of the plurality of first electrically conductive members 40. The plurality of solder connections
47 are comprised of a low melt solder (melting temperature below about 230 °C) , preferably
eutectic solder, comprised of a composition of about 63% lead and about 37% tin

The thermally conductive layer 22 is comprised of a material having a selected thickness
and coefficient of thermal expansion to substantially prevent failure of the solder connections 47
between the first plurality of electrically conductive members 40 and semiconductor chip 12.
Thermally conductive member 22 can be a suitable metal comprised of nickel, copper,
molybdenum, or iron. Preferably, the thermally conductive layer also functions as a ground
plane. The preferred thermally conductive layer (which has a CTE of close to zero) is a three
layered structure comprised of a first layer of copper, a second layer of an alloy of about 34% to
about 38% nickel ( preferably about 36% nickel) and about 62% to about 66% iron (preferably
about 63% iron), and a third layer of copper. The overall CTE of thermally conductive layer 22
is from about 4 to about 8 ppm/°C. Preferably, about 72% to about 80% of the thickness of the
thermally conductive layer is the nickel-iron alloy and about 20 % to about 28% of the thickness
* of the thermally conductive layer is copper. A suitable 36% nickel-63% iron alloy is available
from Texas Instruments Incorporated (Attleboro, Massachusetts). Alternatively, the thermally
conductive layer can be formed solely of a single metal alloy such as a about 36% nickel- about
63% iron alloy. The thickness of the thermally conductive layer is preferably from only about 1
mil to about 3 mils. The thickness and choice of material for the thermally conductive layer will
determine the CTE of the thermally conductive layer and, significantly, can be used to control the

CTE of the multi-layered interconnect structure when used in combination with the other
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elements defined herein. When the overall CTE of the multi-layered interconnect structure is

controlled to a value of about 10 to about 12 ppm/°C, a significant advantage is achieved. Strain
control on the solder connéctions 47 of the electronic package is realized and localized regions of
high strain are avoided during operation of the package (when assembled to a circuitized
substrate and in field operation). The overall strain between the semiconductor chip 12, with a

CTE of about 2-3 ppm/°C, and the circuitized substrate, with a CTE of about 17-20 ppm/°C, is

thus significantly reduced in magnitude.

Layers 29, 30, 32 of first dielectric layer 28 and layers 35, 36, and 38 of second
dielectric 1ayer 34 are preferably comprised of a filled organic polymeric material having an
effective rx}_odulus from about 0.01 to about 0.50 Million pounds per square inch (Mpsi),
preferably, the effective modulus is from about 0.03 to about 0.10 Mpsi. The dielectric material
is material which can deform in an elastic manner under stress, and with sufficient stress can
deform in an elastic-plastic manner. The effective modulus is defined as a secant modulus which
in tumn is defined as a relation of the tensile stress to total strain of an elastic-plastic stress-strain
material test stress response curve (see, for example, A. Blake, "Practical Stress Analysis in
Engineering Design", Marcel Dekker: 270 Madison Ave., New York, NY 10016, 1982.) Itis
useful to employ a dielectric material having a measured tensile secant modulus within the range
of 0.01 to 0.5 Mpsi, measured at room temperature, with a strain rate between the values of
0.01/min and 0.6/min, with the test conducted at a temperature between 10 and 30°C.

When the first and second dielectric layers are comprised of a material with this effective
modulus, the multi-layered interconnect structure is relatively compliant and warpage during
operation of the electronic package is greatly reduced. This unique combination of the reduced
CTE thermally conductive layer and the compliant (during operation) dielectric layers assures the
substantial prevention of failure of the solder connections between the semiconductor chip and
structure 18 and between structure 18 and the circuitized substrate. As a result, semiconductor
chip 12 will experience much less warpage than would occur with laminates made of typical
organic materials. Multi-layered interconnect structure 18 is capable of absorbing a modest

amount of internal shear strain under the die. If an encapsulant is applied between the
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semiconductor chip 12 and the multi-layered interconnect structure 18, the compliancy of the
structure will result in significantly less stress within the encapsulant. The combination of the
strain control on the solder connections 47 and the reduced tendency for the electronic package to

warp both contribute to preventing failure of the solder connections 47 between the first plurality

of electrical conductive members 40 and semiconductor chip 12.

A first plated through hole 50 is positioned under semiconductor chip 12 and is
electrically connected to at least one electrically conductive member of the first plurality of
electrically conductive members 40 and to at least one electrically conductive member of the
second plurality of electrically conductive members 42. First plated through hole 50 is also
electrically connected to at least one of the first plurality of shielded signal conductors which
comprise conductive layer 39. A second plated through hole 52 is poéitioned under
semiconductor chip 12 and is also electrically connected to at least one electrically conductive
member of the first plurality of electrically conductive members 40 and to at least one
electrically conductive member of the second plurality of electrically conductive members 42.
Second plated through hole 52 is also electrically connected to at least one of the second plurality
of shielded signal conductors which comprise conductive layer 41. First and second plated
through holes 50 and 52 respectively, have a unplated diameter from about 1.5 to about 3.0 mils
and can be formed by mechanical or laser drilling, preferably by laser drilling with a
commercially YAG or excimer laser. The plated through holes include a layer of about 0 .15 to
about 1.0 mils of a suitable plated metal, preferably copper. It is preferable that each contact site

of the semiconductor chip be electrically connected to no more than one plated through hole.

A third dielectric layer 46 is positioned on the first dielectric layer 28 and on at least a
portion of selected ones of the first plurality of electrically conductive members 40. The third
dielectric material can substantially cover (tent) the first plated through hole 50 and partially fill
the plated through hole. A fourth dielectric layer 48 is positioned on the second dielectric layer
34 and on at least a portion of selected ones of the second plurality of electrically conductive

members 42. The dielectric material can be a suitable organic polymeric material. One
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dielectric material that can be used is a polyimide material. Another material that can be used is
a resin material coated onto a copper foil. The preférred polymeric dielectric, being both photo-
imageable and laser ablatable, has solids which are comprised of from about 10% to about 80%
(preferébly about 30%) of phenoxy polyol resin which is the condensation product of
epichlorohydrin and bisphenol A, having a molecular weight of from about 40,000 to about
130,000; from about 20% to about 90% (preferably about 25%) of an epoxidized multifunctional
bisphenolA; a formaldehyde novolac resin having a molecular weight of from about 4,000 to
about 10,000 (preferably about 5,000 to about 7,000); from 0% to about 50% and preferably
about 45%, of a halogenated, preferably brominated, deglycidyl ether of bisphenolA having a
molecular weight of from about 600 to about 2,500; and from about 0.1 ‘to about 15 parts
(preferably./_ about 5 parts) by weight of the total resin weight as cationic photo-initiator. The
solvent component of the dielectric is preferably comprised of propyléne glycol monomethyl
ether acetate and about 0% to less than about 10% propylene carbonate, the propylene carbonate

being the preferred carrier for the preferred photo-initiator.

Third dielectric layer 46 includes the aforementioned plurality of microvias 55. The first
plurality of microvias 55 are a first plurality of openings defined by internal walls formed in
third dielectric layer 46 that expose portions of selected ones of the first plurality of electrically
conductive members 40. Each of the first plurality of openings includes a layer of electrically
conductive material 45 positioned on the internal walls of the first openings and, preferably, also
on the exposed portions of the first plurality of electrically conductive members 40. Selected
ones of the first plurality of microvias 55, preferably, electrically couple to respective ones of
solder connections 47. Each of the solder connections 47 are designed to efficiently match the
pattern of contact members 16 on semiconductor chip 12. Preferably, there is a match of no
more than one contact member 16 with one of the plated through holes 50 or 52 under the
semiconductor chip providing a direct electrical path from each of the contact members 16 to
either the signal carrying second electrical conductive layer 39 (through one of the solder
connections 47, one of the first electrically conductive members 40 and plated through hole 50)

or to the signal carrying fourth electrically conductive layer 41 (through one of the solder
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connections 44, another first electrically conductive member 40 and through plated through hole
52). The direct electrical path from a contact member 16 to a shielded signal conductor. provides
a relatively short and efficient electrical path for signals to be transmitted from the semiconductor

chip 12 through the multi-layered interconnect structure and to the outside environment through
solder connections 20. '

The fourth dielectric layer 48 includes a second plurality of microvias 54. The second

' plurality of microvias are a second plurality of openings with internal walls formed in the fourth

dielectric layer that expose portions of electrically conductive members 42 that each may also be
connected to a respective plated through hole: Each of the second plurality of openings includes a
layer of electrically conductive material positioned on the internal walls of the openings and on
the exposed portions of the second plurality of electrically conductive members 42 to form a
plurality of bonding pads 56. The conductive material on the internal walls of the first and
second pluralities of openings and on the exposed portions of the first and second pluralities of

electrically conductive members 40 and 42 in the third and fourth dielectric layers is preferably
plated copper.

The electronic package can further include a circuitized substrate 100 having a plurality
of contact pads 103 on a first surface 104, which pads are electrically connected to respective
ones of solder balls 20 on multi-layered interconnect structure 18. Typically, the solder balls are
arranged in a ball grid array (BGA) arrangement to efficiently allow electrical signal
transmission and power distribution out of and into the electronic package. The solder balls can
also be comprised of columns or other shapes to provide the appropriate stand off and
appropriate strain relief between multi-layered interconnect structure 18 and circuitized substrate

100. Typically the solder balls are comprised of a low melt solder metallurgy, preferably a
eutectic solder material.

Referring to FIG. 2, a method 60 of making a multi-layered interconnect structure is

shown. The resulting multi-layered interconnect structure, as defined herein, is adapted for
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electrically interconnecting a semiconductor chip and a circuitized substrate using solder

connections. ‘The first Etep 62 in this method is proViding a thermally conductive layer having
first and second opposing surfaces. The multi-layer interconnect structure has been previously
described in detail above and includes a thermally conductive layer material having a selected
thickness and coefficient of thermal expansion. Next, step 64 includes positioning first and
second dielectric layers on the first and second opposing surfaces of the thermally conductive
léyer. This step is performed by laminating copper clad, silica filled PTFE layers in a laminating
press at a pressure of about 1000 to about 2000 pounds per square inch (psi.) and at a temperature

of about 600 to about 750 degrees Fahrenheit (°F) to the first and second opposing surfaces of
the thermally conductive layer.

Stgp 66 includes forming a plurality of through holes in the mﬁlti-layered interconnect
structure by laser drilling with a YAG or excimer laser. Other suitable means of drilling are
possible, such as mechanical drilling. The through holes formed are from about 0.5 to about 2.0
mils in diameter. The holes and the internal walls of the holes are then cleaned in preparation
for the addition of a conductive layer. The copper cladding on the first and second dielectric
layers and the internal walls of the plurality of through holes are then electrolessly seeded and
plated with a continuous layer of a metal. The walls are plated with a thickness of metal from
about 0.1 to about 1.0 mils. Suitable metals are copper and aluminuin, with copper being the
preferred metal. Step 68 illustrates positioning first and second pluralities of electrically
conductive members on the first and second dielectric layers. To achieve this, a photoresist is
applied on the surfaces of the plated copper clad dielectric layers. The photoresist tents the
plurality of plated through holes to protect.the plated internal walls of the plated through holes
from subsequent etching steps. The photoresist is then exposed and developed. A pattern of first
and second pluralities of electrically conductive members is then formed by étching the exposed
portions of the plated metal and the copper cladding on the surface of the first and second
dielectric layers with a cupric etch. The photoresist is then stripped with a caustic stripper, such
as sodium hydroxide, resulting in first and second pluralities of electrically conductive metal

members on the surfaces of the first and second dielectric layers. The first plurality of
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electrically conductive members are preferably formed as substantially dog bone shaped

segments. Each segment includes at least two metal pads; one end of the substantially dog bone
shaped segment, the first metal pad, being connected to the metal plating on the internal walls of
one of .the plurality of plated through holes at the surface of the first dielectric layer and the other
“end of the substantially dogbone shaped segment being a second metal pad adapted for having a
solder connection thereon and being electrically connected to a semiconductor chip. The first
and second metal pads of each substantially dogbone shaped segment are preferably connected by
a substantially straight conductor segment. The second plurality of electrically conductive
members are also formed of substantially dogbone shaped segments, each segment including at
least two metal pads; one end of the substantially dogbone shaped segment, the third metal pad,
being connected to the metal plating on the walls of one of the plurality of plated through holes
at the surface of the second dielectric layer and the other end of the substantially dogbone shaped
segment being a fourth metal pad adapted for having a solder connection thereon for connecting
to circuitized substrate 100. The solder connection can be a solder ball, solder column, or a land.
Third and fourth metal pads of the substantially dogbone shaped segments are also connected by

a substantially straight conductor segment. Even though substantially dogbone shaped segments
are described, many other pad shapes are possible.

Step 70 includes positioning third and fourth dielectric layers on the first and second
dielectric layers and on the first and second pluralities of electrically conductive members using
conventional coating processing. The dielectric material can be either the preferred fmlymeric
dielectric, the polyimide or the epoxy coated on a copper foil, all described above. The dielectric
material can also be applied by a process such as laminating or spraying and can flow into the

plurality of plated thorough holes to partially fill the holes and tent the opening of the holes at the
surfaces of the first and second dielectric layers.

Step 72 includes forming first and second pluralities of microvias in the third and fourth
dielectric layers by a process of removing portions of the third and fourth dielectric layers to form

first and second pluralities of openings and exposing at least portions of selected ones of the first
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and second pluralities of electrically conductive members, respectively. The microvias can be

formed by a process of mechanical drilling, etching, or preferably laser ablating the third and
fourth dielectric layers. The resulting openings are then plated with a suitable metal, preferably
copper, forming electrical connections from the surfaces of the third and fourth dielectric layers
to selected ones of the exposed first and second pluralities of electrically conductive members
respectively. A solder paste is then applied to the plated first and second pluralities of microvias,
the preferred solder paste being a low melt solder paste, preferably a eutectic solder paste. An

examples of suitable eutectic solder paste that can be used is Alpha 3060 from Alpha Metals
(Jersey City, N.J.).

Referring to step 74, the solder paste can then be reflowed to form part of the first and

second pluralities of solder connections on the first and second pluralities of electrically
conductive members 40 and 42, respectively.

A method of making an electronic package comprises the following steps. First a
semiconductor chip is provided having a first surface which incudes a plurality of contact
members. The plurality of contact members can be pads, columns, or balls of high melt solder.
Hight melt solder is defined as a solder having a melting point above about 230 ° C. Preferably,
the plurality of contact members comprises C4 solder balls. Next, a multi-layered interconnect
structure, as described above, is provided. The multi-layered interconnect structure includes a
first plurality of solder connections, a plurality of plated microvias including a layer of reflowed
solder paste thereon. A layer of low melt solder paste, preferably eutectic solder paste, is next
applied to the first plurality of solder connections and the semiconductor chip’s contact members
are each bought in contact with respective ones of the first plurality of solder connections by
positioning respective ones of the contact members of the sem_icoriductor chip against respectivé
ones of the first plurality of solder connections. .This is done by positioning and aligning the
semiconductor chip contact members onto the solder paste. The solder paste is then reflowed
and molten solder covers the exposed area of the plurality of microvias and partially wicks up the

external walls of contact members 16 of the semiconductor chip. Upon cooling, the molten
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solder solidifies and forms an electrical connection between the semiconductor chip and the -

multi-layered interconnect structure. Referring to FIG. 1, this electrical connection is illustrated

| by nun_lcral 47. The fact that the semiconductor contact members 16, have a higher melting point
than the solder paste results in a solder standoff as well as an electrical connection between the
semiconductor chip and the multi-layered interconnect structure. This aides in reducing a portion

of the strain between the semiconductor chip and the multi-layered interconnect structure during
operation of the package.

The electronic package of the present invention can be assembled to a circuitized
substrate 100 having a plurality of contact pads103 on one of its surfaces. As described, these
contact pads can be comprised of copper or aluminum or another suitable metal and can be
coated with a layer of solder paste (not shown). The second plurality of solder connections of the
multi-layered interconnect structure, previously described as solder balls or columns 20, are
placed in contact with the solder paste on the contact pads of the circuitized substrate. The solder
paste and second plurality of solder connections are reflowed and cooled forming an electrical
connection between the multi-layered interconnect structure and the circuitized substrate. The
sequence of assembly of the semiconductor chip to the multi-layered interconnect structure,
followed by assembly of the multi-layered interconnect structure to the circuitized substrate, can
easily be modified so that the multi-layered interconnect structure without th'e semiconductor
chip can be assembled to the circuitized substrate followed by assembly of the semiconductor
chip to the multi-layered interconnect structure-circuitized substrate assembly.

The electronic package described herein provides signz:ﬂ and power distribution
characteristics which complement high perfon'nénce electrical demands of future semiconductor
chips and is particularly suited for interconnecting high I/O (greater than 400 I/O)
semiconductors. A low impedance power distribution is achieved using the solid copper power
planes and high density plated through holes under the semiconductor chip which allow multiple
vertical power feeds to the semiconductor chip. Further electrical performance benefits and

preservation of signal integrity (fast signal propagation, low signal capacitance and coupled
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noise, and matched characteristic impedance) are achieved in the electronic package by use of

low dielectric constant PTE material (Er < 3), the signal carrying conductors being arranged

internally in a shielded arrangement, and a direct short path length for the semiconductor chip

contact members to the signal carrying conductors.

While there have been shown and described what are at present considered the preferred
embodiments of this invention, it will be obvious to those skilled in the art that various changes

and modifications can be made therein without departing from the scope of the invention as
defined by the appended claims.
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CLAIMS

What is claimed is:

1.

A multi-layered interconnect structure adapted for electrically interconnecting a

semiconductor chip and a circuitized substrate using solder connections, said interconnect

structure comprising:

a thermally conductive layer including first and second opposing surfaces;

first and second dielectric layers positioned on said first and second opposing surfaces,
respectively; and

first and second pluralities of electrically conductive members positioned on said first
and second dielectric layers, respectively, each of said first and second pluralities of said
electrically conductive members adapted for having solder connections thereon, for being
electrically connected to.a semiconductor chip and a circuitized substrate, respectively,
said thermally conductive layer being comprised of a material having a selected thickness
and coefficient of thermal expansion to substantially prevent failure of said solder
connections between said first plurality of electrically conductive members and said

semiconductor chip and between said second plurality of electrically conductive members

and said circuitized substrate.

The multi-layered interconnect structure of claim 1 wherein said thermally conductive

layer comprises a metal layer.

The multi-layered interconnect structure of claim 2 wherein said metal is selected from

the group consisting of nickel, copper, molybdenum, and iron.
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The multi-layered interconnect structure of claim 3 wherein said nickel eomprises from

about 38% to about 44% of said metal.

The multi-layered interconnect structure of claim 3 wherein said iron comprises from
about 56% to about 62% of said metal. '

The multi-layered interconnect structure of claim 2 wherein said metal layer is comprised

of a layer of nickel and iron having a copper layer with a first thickness positioned
thereon.

The multi-layered interconnect structure of claim 6 wherein said first thickness of said

copper layer comprises from about 10% to about 14 % of said thickness of said material
of said thermally conductive layer.

The multi-layered interconnect structure of claim 1 wherein said thickness of said

material of said thermally conductive layer is from about 1.0 to about 3.0 mils.

The multi-layered interconnect structure of claim 1 wherein said coefficient of thermal

expansion of said material of said thermally conductive layer is from about 4.0 to about
8.0 ppm/degree C.

The multi-layered interconnect structure of claim 1 wherein said first and second

dielectric layers are each comprised of a layer of non-cloth dielectric material.

The multi-layered interconnect structure of claim 10 wherein said non-cloth dielectric

material comprises polytetrafluoroethylene having a filler material therein.
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The multi-layered interconnect structure of claim 11 wherein said filler material is silica.

The multi-layered interconnect structure of claim 1 wherein each of said first and second

dielectric layers have a thickness from about 1.0 to about 9.0 mils.

The multi-layered interconnect structure of claim 1 wherein at least one of said first and

second dielectric layers includes a layer having an effective modulus to assure sufficient

compliancy of said interconnect structure during operation.

The multi-layered interconnect structure of claim 14 wherein said effective modulus is
from about 0.01 to about 0.50 Mpsi.

The multi-layered interconnect structure of claim 1 wherein said first and second

pluralities of electrically conductive members are comprised of copper.

The multi-layered interconnect structure of claim 1 wherein selected ones of said first

plurality of electrically conductive members each include a thickness of from about 0.25
to about 1.5 mils.

The multi-layered interconnect structure of claim 1 wherein selected ones of said second

plurality of electrically conductive members each include a thickness of from about 0.25
to about 1.5 mils.

The multi-layered interconnect structure of claim 1 further including a first electrically

conductive layer within said first dielectric layer.
The multi-layered interconnect structure of claim 19 further including a second

electrically conductive layer within said first dielectric layer and positioned between said

first electrically conductive layer and said thermally conductive layer.
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The multi-layered interconnect structure of claim 20 wherein each of said first and second

electrically conductive layers has a thickness from about 0.20 to about 1.0 mils.

The multi-layered interconnect structure of claim 20 wherein said first and second

electrically conductive layers are comprised of a metal selected from the group consisting
of copper or aluminium.

The multi-layered interconnect structure of claim 20 wherein said second electrically

conductive layer comprises a first plurality of shielded signal conductors.

Tl-;e.invention of claim 23 wherein said multi-layered interconnect structure further
includes a first plated through hole adapted for being positioned under said
semiconductor chip, said first plated through hole electrically. connected to at least one
electrically conductive member of said first plurality of electrically conductive members,
to at least one of said first plurality of shielded signal conductors and to at least one

electrically conductive member of said second plurality of electrically conductive
members.

The multi-layered interconnect structure of claim 24 further including a third dielectric
layer positioned on said first dielectric layer and on portions of said first plurality of

electrically conductive members, said third dielectric layer substantially overlying said
first plated through hole.

The multi-layered interconnect structure of claim 25 wherein said third dielectric layer

comprises a layer of laser ablatable dielectric material.
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The multi-layered interconnect structure of claim 26 wherein said third dielectric includes

an internal wall defining an opening therein, said opening exposing at least a portion of at

least one of said first plurality of electrically conductive members, said internal wall

including a conductive layer thereon.

The multi-layered interconnect structure of claim 27 wherein said conductive layer on
said internal wall of said opening is also positioned on said exposed portion of said at

least one of said first plurality of electrically conductive members.

The multi-layered interconnect structure of claim 28 wherein said conductive layer on
said internal wall of said opening and on said exposed portion of said at least one of said

first plurality of electrically conductive members defines a first microvia.

The multi-layered interconnect structure of claim 29 wherein said first microvia is

electrically connected to said first plated through hole.

The multi-layered interconnect structure of claim 1 further including a third electrically

conductive layer within said second dielectric layer.
The multi-layered interconnect structure of claim 31 further including a fourth electrically
conductive layer within said second dielectric layer and positioned between said third

electrically conductive layer and said thermally conductive layer.

The multi-layered interconnect structure of claim 32 wherein each of said third and fourth

electrically conductive layers has a thickness from about 0.20 to about 1.0 mils.

The multi-layered interconnect structure of claim 32 wherein said third and fourth

electrically conductive layers are each comprised of a metal selected from the group

consisting of copper and aluminium.
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The multi-layered interconnect structure of claim 32 wherein said fourth electrically

conductive layer comprises a second plurality of shielded signal conductors.

The invention of claim 35 wherein said multi-layered interconnect structure further
includes a second plated through hole adapted for being positioned under said
semiconductor chip, said second plated through hole electrically connected to at least one
electrically conductive member of said first plurality of electrically conductive members,
to at least one of said second plurality of shielded signal conductors and to at least one

electrically conductive member of said second plurality of electrically conductive
members.

The multi-layered interconnect structure of claim 36 further including a fourth dielectric
layer positioned on said second dielectric layer and on portions of said second plurality of

electrically conductive members, said fourth dielectric layer substantially overlying said
second plated through hole.

The multi-layered interconnect structure of claim 37 wherein said fourth dielectric layer

comprises a layer of laser ablatable dielectric material.

The multi-layered interconnect structure of claim 38 wherein said fourth dielectric layer
incudes an internal wall defining an opening therein, said openings exposing at least a

portion of at least one of said second plurality of electrically conductive members, said

internal wall including a conductive layer thereon.

The multi-layered interconnect structure of claim 39 wherein said conductive layer on
said internal wall of said opening within said fourth dielectric layer is also positioned on

said exposed portion of said at least one of said second plurality of electrically conductive
members.
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The multi-layered interconnect structure of claim 40 wherein said conductive layer on

said internal wall of said opening within said fourth dielectric layer and on said exposed

portion of said second plurality of electrically conductive members defines a second
microvia.

An electronic package comprising:

a semiconductor chip having a first surface, said first surface including a plurality of
contact members; and

an multi-layered interconnect structure adapted for electrically interconnecting said
semiconductor chip to a circuitized substrate, said multi-layered interconnect structure

including a thermally conductive layer having first and second opposing surfaces, first

. and second dielectric layers positioned on said first and second opposing surfaces,

respectively, and first and second pluralities of electrically conductive members
positioned on said first and second dielectric layers, respectively, said first plurality of
electrically conductive members having a plurality of solder connections electrically
connected thereto, respective ones of said solder connections being electrically connected
to respective ones of said plurality of contact members on said semiconductor chip, said
thermally conductive layer being comprised of a material having a selected thickness and
coefficient of thermal expansion to substantially prevent failure of said solder

connections between said first plurality of electrically conductive members and said
semiconductor chip.

The electronic package of claim 42 wherein said contact members comprise C4

connections.
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The electronic package of claim 43 wherein at least one of said first and second dielectric

layers includes a layer having an effective modulus to assure sufficient compliancy of

said multi-layered interconnect structure during operation.

The electronic package of claim 44 wherein said effective modulus is from about 0.01-to
about 0.50 Mpsi.

The electronic package of claim 42 further including a first electrically conductive layer
within said first dielectric layer.

The electronic package of claim 46 further including a second electrically conductive

lay;r within said first dielectric layer and positioned between said first electrically

conductive layer and said thermally conductive layer.

The electronic package of claim 47 wherein said second electrically conductive layer

comprises a first pluré\lity of shielded signal conductors.

The invention of claim 48 wherein said multi-layered interconnect structure further
includes a first plated through hole adapted for being positioned under said -
semiconductor chip, said first plated through hole electrically connected to at least one
electrically conductive member of said first plurality of electrically conductive members,
to at least one of said first plurality of shielded signal conductors and to at least one

electrically conductive member of said second plurality of electrically conductive
members.

The electronic package of claim 49 further including a third dielectric layer positioned on
said first dielectric layer and on portions of said first plurality of electrically conductive

members, said third dielectric layer substantially overlying said first plated through hole.
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The electronic package of claim 50 wherein said third dielectric layer comprises a layer of
laser ablatable dielectric material.

The electronic package of claim 51 wherein said third dielectric includes an internal wall
defining an opening therein, said opening exposing at least a portion of at least one of

said first plurality of electrically conductive members, said internal wall including a
conductive layer thereon.

The electronic package of claim 52 wherein said conductive layer on said internal wall of

said opening is also positioned on said exposed portion of said at least one of said first

plurality of electrically conductive members.

The electronic package of claim 53 wherein said conductive layer on said internal wall of
said opening and on said exposed portion of said at least one of said first plurality of

electrically conductive members defines a first microvia.

The electronic package of claim 54 wherein said first microvia is electrically connected to
said first plated through hole.

The electronic package of claim 42 wherein said plurality of solder connections includes

a layer of eutectic solder material positioned on said first microvia.

The electronic package of claim 42 further including a third electrically conductive layer
within said second dielectric layer.

The electronic package of claim 57 further including a fourth electrically conductive layer
within said second dielectric layer and positioned between said third electrically

conductive layer and said thermally conductive layer.
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The electronic package of claim 58 wherein said fourth electrically conductive layer

comprises a second plurality of shielded signal conductors.

The invention of claim 59 wherein said multi-layered interconnect structure further

includes a second plated through hole adapted for being positioned under said
semiconductor chip, said second plated through hole electrically connected to at least one
electrically conductive member of said first plurality of electrically conductive members,
to at least one of said second plurality of shielded signal conductors and to at least one

electrically conductive member of said second plurality of electrically conductive
members.

The electronic package of claim 60 further including a fourth dielectric layer positioned
on said second dielectric layer and on portions of said second plurality of electrically

conductive members, said fourth dielectric layer substantially overlying said second
plated through hole.

The electronic package of claim 61 wherein said fourth dielectric layer comprises a layer
of laser ablatable dielectric material.

The electronic package of claim 62 wherein said fourth dielectric layer includes an
internal wall defining an opening therein, said openings exposing at least a portion of at

least one of said second plurality of electrically conductive members, said internal wall

including a conductive layer thereon.

The electronic package of claim 63 wherein said conductive layer on said internal wall of
said opening within said fourth dielectric layer is also positioned on said exposed portion

of said at least one of said second plurality of electrically conductive members.
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The electronic package of claim 62 wherein said conductive layer on said internal wall of

said opening within said fourth dielectric layer and on said exposed portion of said at

least one of said second plurality of electrically conductive members defines a second

microvia.

The electronic package of claim 42 further including said circuitized substrate, said
circuitized substrate having a first surface including a plurality of contact pads thereon,
said second plurality of electrically conductive members of said multi-layered
interconnect structure including a second plurality of solder connections electrically
connected thereto, respective ones of said second plurality of said solder connections

being electrically connected to respective ones of said plurality of said contact pads on
said circuitized substrate.

The electronic package of claim 66 wherein said second plurality of said solder

connections are solder balls and/or solder columns.
The electronic package of claim 66 wherein said solder comprises eutectic solder.

A method of making a multi-layered interconnect structure adapted for electrically
interconnecting a semiconductor chip and a circuitized substrate using solder

connections, said method comprising the steps of:
providing a thermally conductive layer including first and second opposing surfaces;

positioning first and second dielectric layers on said first and second opposing surfaces of
said thermally conductive layer, respectively; and
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positioning first and second pluralities of electrically conductive members on said first

and second dielectric layers, respectively, each of said first and second pluralities of said

electrically conductive members adapted for having solder connections thereon for being

electrically connected to a semiconductor chip and a circuitized substrate, respectively,
said thermally conductive layer being comprised of a material having a selected thickness
and coefficient of thermal expansion to substantially prevent failure of said solder
connections between said first plurality of electrically conductive members and said

semiconductor chip and between said second plurality of electrically conductive members
and said circuitized substrate.

The method of making the multi-layered interconnect structure of claim 69 wherein said
step. of positioning said first and second dielectric layers on said first and second
opposing surfaces of said thermally conductive layer, respectively, comprises laminating
said first and second dielectric layers onto said first and second opposing surfaces at a

pressure of from about 1000 to about 2000 psi and at a temperature of from about 600 to
about 750 °F.

The method of making the multi-layered interconnect structure of claim 69 wherein said
positioning said first and second pluralities of electrically conductive members on said

first and second dielectric layers, respectively, comprises the steps of:
laminating a copper foil onto said first and second dielectric layers; and

etching selected portions of said copper foil to produce first and second pluralities of said

electrically conductive members.
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The method of making the multi-layered interconnect structure of claim 69 further

including the steps of:

positioning a third dielectric layer on said first dielectric layer and on said first plurality of

electrically conductive members;

removing portions of said third dielectric layer to expose portions of said first plurality of
electrically conductive members; and

forming a first plurality of microvias within said third dielectric layer to expose at least a
portion of atleast one of said first plurality of electrically conductive members.
The method of making the multi-layered interconnect structure of claim 72 wherein said

removing of said portions of said third dielectric layer is performed by laser ablating.

The method of making the multi-layered interconnect structure of claim 69 further
including the steps of:

positioning a fourth dielectric layer on said second dielectric layer and on said second

plurality of electrically conductive members;

removing portions of said fourth dielectric layer to expose portions of said second

plurality of electrically conductive members; and

forming a second plurality of microvias within said fourth dielectric layer to expose at

least a portion of at least one of said second plurality of electrically conductive members.

The method of making the multi-layered interconnect structure of claim 74 wherein the
step of removing portions of said fourth dielectric layer is performed by laser ablating.
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A method of making an electronic package comprising the steps of:

providing a semiconductor chip having a first surface including a plurality of contact
members thereon;

providing a multi-layered interconnect structure adapted for electrically interconnecting
said semiconductor chip to a circuitized substrate, said multi-layered interconnect '
structure including a thermally conductive layer, having first and second opposing
surfaces, first and second dielectric layers positioned on said first and second opposing
surfaces, respectively, and first and second pluralities of electrically conductive members

positioned on said first and second dielectric layers, respectively;

providing a first plurality of solder connections on said first plurality of electrically

conductive members; and

connecting respective ones of said first plurality of solder connections to respective ones
of said plurality of contact members on said semiconductor chip, said thermally
conductive layer being comprised of a material having a selected thickness and
coefficient of thermal expansion to su'bstantially prevent failure of said solder

connections between said first plurality of electrically conductive members and said
semiconductor chip. -
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The method of making the electronic package of claim 76 wherein said step of providing

said first plurality of solder connections on said first plurality of electrically conductive

members includes:

forming a plurality of openings in said third dielectric layer, each of said openings

including an internal wall and exposing a portion of at least one of said first plurality of
electrically conductive members;

plating a conductive layer on said internal wall of said plurality of openings and on said

exposed portion of said at least one of said first plurality of electrically conductive

members to define a plurality of microvias;
applying a first solder paste onto said conductive layer; and
reflowing said first solder paste to form a first plurality of solder connections..

The method of making the electronic package of claim 77 wherein said step of connecting
respective ones of said first plurality of solder connections to respective ones of said
plurality of contact members on said semiconductor chip further includes the steps of
applying a second solder paste onto said respective ones of said first plurality of solder
connections, positioning said respective ones of said contact members of said
semiconductor chip against said respective ones of said first plurality of solder
connections, and reflowing said second solder paste and said respective ones of said first
plurality of solder connections to electrically connect said semiconductor chip to said

multi-layered interconnect structure.
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The method of making the electronic package of claim 76 further including the steps of:

providing a circuitized substrate having a first surface including a plurality of contact

pads thereon;

providing a second plurality of solder connections on said second plurality of conductive

members of said multi-layered interconnect structure; and

connecting respective ones of said second plurality of said solder connections to

respective ones of said plurality of contact pads on said circuitized substrate to make
electrical connections therebetween.
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