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STRESS RESISTANT MICRO-VIA STRUCTURE FOR FLEXIBLE CIRCUITS 
 
BACKGROUND OF THE INVENTION 

[0001] Embodiments of the invention relate generally to chip packages and, more 

particularly, to chip packages having vias formed through dielectric and adhesive layers 

down to die pads of an electronic chip, with the vias having stress-resistant metal 

interconnects formed therein having an increased thickness. 

[0002] Advancements in integrated circuit (IC) chip packaging technology are driven 

by ever-increasing needs for achieving better performance, greater miniaturization and 

higher reliability. Most semiconductor devices, such as bare chips, have electrical 

contact pads or “die pads” located on a top-side or active surface of the device to 

provide input/output (I/O) connections.  IC chips first packaging technologies such as 

the embedded chip build-up process (ECBU), generally apply a first dielectric layer 

(e.g., polyimide film) over a chip top surface, form vias in the dielectric layer such that 

they abut the die pads on the chip, and then form metal interconnections to the die pads 

along the vias and metal cover pads about the via openings on a top surface of the 

dielectric layer.  For yield and reliability issues, the metalized cover pad generally 

extends beyond the opening of the via.  This additional level of interconnection 

redistributes the peripheral bonding pads of each chip to an area array of metal pads that 

are evenly deployed over the chip's surface.  The solder balls or bumps used in 

connecting the device to the application circuit board are subsequently placed over these 

metal pads. 

[0003] As functionality on ICs/chip packages continues to increase, the number of 

die pads on the chip is increased and the pad pitch (i.e., the center-to-center distance 

between adjacent die pads) is reduced, such as to 50 micrometers or less.  This reduces 

the space available for via interconnect to the device, forcing smaller vias to be used 

(i.e., vias having a smaller diameter). Often, the thickness of dielectric layers applied to 

the chip cannot be reduced, either because of impedance requirements between high 

frequency layers or due to dimension rigidity needed for pattern overlay alignment.  

Thus, while the diameter of the vias is reduced, the height/thickness of the vias 

extending through the dielectric layer remains somewhat constant, thereby resulting in 

STRESS RESISTANT MICRO-VIA STRUCTURE FOR FLEXIBLE CIRCUITS BACKGROUND OF
THE INVENTION [0001]Embodiments of the invention relate generally to chip packages and, more
particularly, to chip packages having vias formed through dielectric and adhesive layers down to die
pads of an electronic chip, with the vias having stress-resistant metal interconnects formed therein
having an increased thickness. [0002]Advancements in integrated circuit (IC) chip packaging
technology are driven by ever-increasing needs for achieving better performance, greater
miniaturization and higher reliability. Most semiconductor devices, such as bare chips, have electrical
contact pads or "die pads" located on a top-side or active surface of the device to provide input/output
(I/O) connections. IC chips first packaging technologies such as the embedded chip build-up process
(ECBU), generally apply a first dielectric layer (e.g., polyimide film) over a chip top surface, form vias in
the dielectric layer such that they abut the die pads on the chip, and then form metal interconnections
to the die pads along the vias and metal cover pads about the via openings on a top surface of the
dielectric layer. For yield and reliability issues, the metalized cover pad generally extends beyond the
opening of the via. This additional level of interconnection redistributes the peripheral bonding pads of
each chip to an area array of metal pads that are evenly deployed over the chip's surface. The solder
balls or bumps used in connecting the device to the application circuit board are subsequently placed
over these metal pads. [0003]As functionality on ICs/chip packages continues to increase, the number
of die pads on the chip is increased and the pad pitch (i.e., the center-to-center distance between
adjacent die pads) is reduced, such as to 50 micrometers or less. This reduces the space available for
via interconnect to the device, forcing smaller vias to be used (i.e., vias having a smaller diameter).
Often, the thickness of dielectric layers applied to the chip cannot be reduced, either because of
impedance requirements between high frequency layers or due to dimension rigidity needed for
pattern overlay alignment. Thus, while the diameter of the vias is reduced, the height/thickness of the
vias extending through the dielectric layer remains somewhat constant, thereby resulting in  vias
having an increased aspect ratio (i.e., height-to-diameter ratio). Smaller diameter vias, however, are
harder to fill with metal during electroplating, and the total volume of metal present within such vias
may be less for a given thickness compared to larger vias. That is, while the metal cover pads about
the via openings on the top surface of the dielectric layer may be of a given thickness, the thickness of
metal present within a smaller diameter via may be less than the given thickness based on the smaller
diameter and an increased aspect ratio, thus reducing the volume of metal in the via below what is
desired. [0004]This reduced volume of metal present in a reduced diameter via can lead to durability
issues with the metal interconnect. That is, during thermal cycling reliability testing, stress from
coefficient of thermal expansion (CTE) mismatch between the metal in the vias and the surrounding
dielectric material eventually causes metal fatigue and cracking, resulting in loss/failure of the metal
interconnect. This happens more quickly if there is less total metal present to minimize fatigue.
[0005]Accordingly there is a need for a system and method of chip packaging that 
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vias having an increased aspect ratio (i.e., height-to-diameter ratio).  Smaller diameter 

vias, however, are harder to fill with metal during electroplating, and the total volume of 

metal present within such vias may be less for a given thickness compared to larger 

vias. That is, while the metal cover pads about the via openings on the top surface of the 

dielectric layer may be of a given thickness, the thickness of metal present within a 

smaller diameter via may be less than the given thickness based on the smaller diameter 

and an increased aspect ratio, thus reducing the volume of metal in the via below what 

is desired.   

[0004] This reduced volume of metal present in a reduced diameter via can lead to 

durability issues with the metal interconnect.  That is, during thermal cycling reliability 

testing, stress from coefficient of thermal expansion (CTE) mismatch between the metal 

in the vias and the surrounding dielectric material eventually causes metal fatigue and 

cracking, resulting in loss/failure of the metal interconnect. This happens more quickly 

if there is less total metal present to minimize fatigue.  

[0005] Accordingly there is a need for a system and method of chip packaging that 

provides for reliable metal interconnect connection to die pads on a chip.  There is a 

further need for such metal interconnects to resist fatigue caused by thermal stress, 

especially in high density interconnect (HDI) IC packages that include vias with a 

reduced diameter and increased aspect ratio.  

provides for reliable metal interconnect connection to die pads on a chip. There is a further need for
such metal interconnects to resist fatigue caused by thermal stress, especially in high density
interconnect (HDI) IC packages that include vias with a reduced diameter and increased aspect ratio.
BRIEF DESCRIPTION OF THE INVENTION [0006] Embodiments of the invention overcome the
aforementioned drawbacks by providing a system and method of chip package fabrication in which
vias are formed through dielectric and adhesive layers down to die pads of an electronic chip, with the
vias having stress-resistant metal interconnects formed therein having an increased thickness.
[0007]In accordance with one aspect of the invention, a chip package includes an electronic chip
having a plurality of die pads formed on a top surface thereof and a polyimide flex layer positioned on
the electronic chip, with the polyimide flex layer having a plurality of vias formed therein such that each
of the plurality of vias corresponds to a respective die pad. The chip package also includes an
adhesive layer deposited between the electronic chip and the polyimide flex layer and a plurality of
metal interconnects formed on the polyimide flex layer, with each of the plurality of metal interconnects
further including a cover pad covering a portion of a top surface of the polyimide flex layer, a sidewall
extending down from the cover pad and through the via along a perimeter thereof, and a base
connected to the sidewall and forming an electrical connection with a respective die pad, wherein a
thickness of each of the base and the sidewall is equal to or greater than a thickness of the adhesive
layer. [0008]In accordance with another aspect of the invention, a method of forming a chip package
includes the steps of providing a silicon wafer having an integrated circuit (IC) thereon and a plurality
of die pads formed on a top surface thereof, applying an adhesive layer to the top surface of the silicon
wafer, adhering the silicon wafer to a free-standing polyimide flex layer by way of the adhesive layer,
and forming a plurality of vias through the free-standing polyimide flex layer and the adhesive layer,
with each of the plurality of vias extending to a respective one of the plurality of die pads. The method
also includes the step of forming a plurality of metal interconnects on the freestanding polyimide flex
layer such that each of the plurality of metal interconnects extends through a respective via to
electrically connect to a respective die pad, wherein forming the plurality of metal interconnects further
includes determining a desired metal interconnect thickness based on a thickness of the adhesive
layer, depositing a metal  material on the free-standing polyimide flex layer and in the plurality of vias
having the desired metal interconnect thickness, and patterning and etching the metal material to form
the plurality of metal interconnects having the desired thickness. [0009]In accordance with yet another
aspect of the invention, a chip package includes a silicon wafer having a plurality of die pads formed
on a top surface thereof, an adhesive layer deposited on the silicon wafer, and a free-standing
dielectric layer affixed to the adhesive layer and having a plurality of vias formed therethrough each
extending through the adhesive layer to a respective one of the plurality of die pads. The chip package
also includes a plurality of metal interconnects formed on the freestanding polyimide flex film such that
each of the plurality of metal interconnects extends through a respective via to form an electrical
connection with a respective die pad. Each of the plurality of metal interconnects further includes a
cover pad covering a portion of a top surface of the free-standing polyimide flex film, a base forming an
electrical connection with a respective die pad, and a sidewall extending between the cover pad and
the base along a perimeter of the via, with each of the base and the sidewall being constructed to have
a thickness equal to or greater than a thickness of the adhesive layer. 
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BRIEF DESCRIPTION OF THE INVENTION 

[0006] Embodiments of the invention overcome the aforementioned drawbacks by 

providing a system and method of chip package fabrication in which vias are formed 

through dielectric and adhesive layers down to die pads of an electronic chip, with the 

vias having stress-resistant metal interconnects formed therein having an increased 

thickness. 

[0007] In accordance with one aspect of the invention, a chip package includes an 

electronic chip having a plurality of die pads formed on a top surface thereof and a 

polyimide flex layer positioned on the electronic chip, with the polyimide flex layer 

having a plurality of vias formed therein such that each of the plurality of vias 

corresponds to a respective die pad.  The chip package also includes  an adhesive layer 

deposited between the electronic chip and the polyimide flex layer and a plurality of 

metal interconnects formed on the polyimide flex layer, with each of the plurality of 

metal interconnects further including a cover pad covering a portion of a top surface of 

the polyimide flex layer, a sidewall extending down from the cover pad and through the 

via along a perimeter thereof, and a base connected to the sidewall and forming an 

electrical connection with a respective die pad, wherein a thickness of each of the base 

and the sidewall is equal to or greater than a thickness of the adhesive layer. 

[0008] In accordance with another aspect of the invention, a method of forming a 

chip package includes the steps of providing a silicon wafer having an integrated circuit 

(IC) thereon and a plurality of die pads formed on a top surface thereof, applying an 

adhesive layer to the top surface of the silicon wafer, adhering the silicon wafer to a 

free-standing polyimide flex layer by way of the adhesive layer, and forming a plurality 

of vias through the free-standing polyimide flex layer and the adhesive layer, with each 

of the plurality of vias extending to a respective one of the plurality of die pads.  The 

method also includes the step of forming a plurality of metal interconnects on the free-

standing polyimide flex layer such that each of the plurality of metal interconnects 

extends through a respective via to electrically connect to a respective die pad, wherein 

forming the plurality of metal interconnects further includes determining a desired metal 

interconnect thickness based on a thickness of the adhesive layer, depositing a metal 

[0010]These and other advantages and features will be more readily understood from the following
detailed description of preferred embodiments of the invention that is provided in connection with the
accompanying drawings.  BRIEF DESCRIPTION OF THE DRAWINGS [0011]The drawings illustrate
embodiments presently contemplated for carrying out the invention. [0012]In the drawings: [0013]FIG.
1 is a top-side planer view of a bare electronic chip for use with embodiments of the invention.
[0014]FIG. 2 is a cross-sectional view of an electronic chip package incorporating a laminate layer
attached to a bare electronic chip according to an embodiment of the invention. [0015]FIG. 3 is a
cross-sectional view of an electronic chip package incorporating 



 

 4 

material on the free-standing polyimide flex layer and in the plurality of vias having the 

desired metal interconnect thickness, and patterning and etching the metal material to 

form the plurality of metal interconnects having the desired thickness. 

[0009] In accordance with yet another aspect of the invention, a chip package 

includes a silicon wafer having a plurality of die pads formed on a top surface thereof, 

an adhesive layer deposited on the silicon wafer, and a free-standing dielectric layer 

affixed to the adhesive layer and having a plurality of vias formed therethrough each 

extending through the adhesive layer to a respective one of the plurality of die pads.  

The chip package also includes a plurality of metal interconnects formed on the free-

standing polyimide flex film such that each of the plurality of metal interconnects 

extends through a respective via to form an electrical connection with a respective die 

pad.  Each of the plurality of metal interconnects further includes a cover pad covering a 

portion of a top surface of the free-standing polyimide flex film, a base forming an 

electrical connection with a respective die pad, and a sidewall extending between the 

cover pad and the base along a perimeter of the via, with each of the base and the 

sidewall being constructed to have a thickness equal to or greater than a thickness of the 

adhesive layer. 

[0010] These and other advantages and features will be more readily understood 

from the following detailed description of preferred embodiments of the invention that 

is provided in connection with the accompanying drawings. 

additional laminate layers according to an embodiment of the invention. [0016]FIG. 4 is a
cross-sectional view of a partial electronic chip package illustrating via diameter and metal
interconnect thickness according to an embodiment of the invention. [0017]FIG. 5 is a cross-sectional
view of a partial electronic chip package illustrating via diameter and metal interconnect thickness
according to another embodiment of the invention. [0018]FIGS. 6A and 6B are graphs illustrating a
relationship between metal interconnect failure percentage and metal interconnect base and sidewall
thickness.  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS [0019] Embodiments
of the present invention provide for a system and method of forming a chip package. The chip package
includes vias formed through a dielectric layer down to die pads of an electronic chip, with the vias
having stress-resistant metal interconnects formed therein having an increased thickness.
[0020]Referring to FIG. 1, a top-side planar view of a bare or unpackaged electronic chip 10 that may
be used with embodiments of the invention is shown. As shown, bare electronic chip 10 includes a
substrate 12 (e.g., silicon wafer) and a plurality of die pads 14 thereon. Die pads 14 may be placed on
substrate 12 by a variety of techniques. For example, a metallization process or the like may be
implemented to deposit die pads 14 onto substrate 12. Alternative techniques such as etching or
photolithography may also be implemented. Die pads 14 may have a composition that includes a
variety of materials such as, for example, aluminum, copper, gold, silver, and nickel, or combinations
thereof. As shown in FIG. 1, die pads 14 are arranged on substrate 12 such that they are spaced
relative to one another. As such, each consecutive die pad 14 has a pitch 16 therebetween. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The drawings illustrate embodiments presently contemplated for carrying out 

the invention. 

[0012] In the drawings: 

[0013] FIG. 1 is a top-side planer view of a bare electronic chip for use with 

embodiments of the invention.  

[0014] FIG. 2 is a cross-sectional view of an electronic chip package incorporating a 

laminate layer attached to a bare electronic chip according to an embodiment of the 

invention. 

[0015] FIG. 3 is a cross-sectional view of an electronic chip package incorporating 

additional laminate layers according to an embodiment of the invention. 

[0016] FIG. 4 is a cross-sectional view of a partial electronic chip package 

illustrating via diameter and metal interconnect thickness according to an embodiment 

of the invention. 

[0017] FIG. 5 is a cross-sectional view of a partial electronic chip package 

illustrating via diameter and metal interconnect thickness according to another 

embodiment of the invention. 

[0018] FIGS. 6A and 6B are graphs illustrating a relationship between metal 

interconnect failure percentage and metal interconnect base and sidewall thickness. 

[0021]Embodiments of the invention may use bare electronic chips having their die pads arranged in a
manner different than that shown in FIG. 1. For example, other bare electronic chips may have
multiple perimeter rows of die pads, rather than the single rows of die pads 14 shown in FIG. 1.
Additionally, semiconductor devices may be used that have arrays of die pads located on any region of
a substrate or one or more rows of die pads generally arranged over the center region of the substrate.
Further embodiments may have die pads arranged along less than all four side of the perimeter of a
substrate. Still further, embodiments of electronic chips may include die pads arranged such that the
spacing between die pads varies. [0022]Referring now to FIG. 2, a side view of a chip package 20
(i.e., integrated circuit (IC) package) is shown incorporating bare electronic chip 10. In manufacturing
chip package 20, a free-standing dielectric layer, such as a polyimide flex layer or circuit board 22, is
applied to a top surface of bare electronic chip 10 by way of an adhesive layer 23 applied
therebetween, with the bare electronic chip 10 being attached  to the adhesive layer 23 in a face-down
orientation using a die attach mechanism (not shown) or some similar procedure. The polyimide flex
layer 22 is in the form of a preformed laminate sheet or film that can be placed on bare electronic chip
10. For example, the polyimide flex layer 22 can be formed of Kapton(r), Ultem(r),
polytetrafluoroethylene (PT1-E), or another polymer film, such as a liquid crystal polymer (LCP).
According to an exemplary embodiment, adhesive layer 23 is comprised of an epoxy-based dielectric
material, an epoxy resin, a photoacid generator, an antioxidant, and a cold catalyst corresponding to
the photoacid generator, so as to provide an adhesive that promotes product reliability and yield.
Adhesive layer is formed to have a thickness that provides for adequate bonding between polyimide
flex layer 22 and electronic chip 10, such as a thickness in the range of 12 to 25 micrometers, for
example. [0023]Upon application of polyimide flex layer 22 to bare electronic chip 10 by way of
adhesive layer 23, a plurality of vias 24 are formed in the laminate layer. The vias 24 are formed by
way of a laser ablation or laser drilling process and are formed at positions corresponding to die pads
14 located on substrate 12. Laser drilling of vias 24 in polyimide flex layer 22 thus serves to expose
the die pads 14. [0024]Upon formation of vias 24, a metal layer/material 26 is applied onto polyimide
flex layer 22 by way of, for example, a sputtering process, electroplating process, or combination of the
two. The deposited metal layer/material 26 is then formed into metal interconnects 28. In one
exemplary technique, metal layer/material 26 is patterned and etched such that metal interconnects 28
are formed that extend from a top surface 30 of polyimide flex layer 22 and down through vias 24.
Metal interconnects 28 thus form an electrical connection with die pads 14. In this manner, polyimide
flex layer 22 forms a re-distribution layer that acts to redistribute the arrangement of die pads 14,
which may (as shown in FIG. 1) be arranged about a periphery of each bare electronic chip 10, into an
area array of interconnects distributed over the surface of electronic chip package 20. [0025]As shown
in FIG. 3, one or more additional polyimide flex layers 32 are applied on polyimide flex layer 22 by way
of associated adhesive layers 23 during 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0019] Embodiments of the present invention provide for a system and method of 

forming a chip package.  The chip package includes vias formed through a dielectric 

layer down to die pads of an electronic chip, with the vias having stress-resistant metal 

interconnects formed therein having an increased thickness. 

[0020] Referring to FIG. 1, a top-side planar view of a bare or unpackaged electronic 

chip 10 that may be used with embodiments of the invention is shown.  As shown, bare 

electronic chip 10 includes a substrate 12 (e.g., silicon wafer) and a plurality of die pads 

14 thereon.  Die pads 14 may be placed on substrate 12 by a variety of techniques.  For 

example, a metallization process or the like may be implemented to deposit die pads 14 

onto substrate 12.  Alternative techniques such as etching or photolithography may also 

be implemented.  Die pads 14 may have a composition that includes a variety of 

materials such as, for example, aluminum, copper, gold, silver, and nickel, or 

combinations thereof.  As shown in FIG. 1, die pads 14 are arranged on substrate 12 

such that they are spaced relative to one another.  As such, each consecutive die pad 14 

has a pitch 16 therebetween.   

[0021] Embodiments of the invention may use bare electronic chips having their die 

pads arranged in a manner different than that shown in FIG. 1.  For example, other bare 

electronic chips may have multiple perimeter rows of die pads, rather than the single 

rows of die pads 14 shown in FIG. 1.  Additionally, semiconductor devices may be used 

that have arrays of die pads located on any region of a substrate or one or more rows of 

die pads generally arranged over the center region of the substrate.  Further 

embodiments may have die pads arranged along less than all four side of the perimeter 

of a substrate.  Still further, embodiments of electronic chips may include die pads 

arranged such that the spacing between die pads varies. 

[0022] Referring now to FIG. 2, a side view of a chip package 20 (i.e., integrated 

circuit (IC) package) is shown incorporating bare electronic chip 10.  In manufacturing 

chip package 20, a free-standing dielectric layer, such as a polyimide flex layer or 

circuit board 22, is applied to a top surface of bare electronic chip 10 by way of an 

adhesive layer 23 applied therebetween, with the bare electronic chip 10 being attached 

construction of chip package 20, according to an embodiment of the invention. Similar to the steps set
forth above, a plurality of vias 24 are formed in the additional polyimide flex layers 32 by way of, for
example, a laser ablation or laser drilling process. The vias 24 in each of the additional polyimide flex
layers 32 are formed at positions corresponding to metal interconnects 28 attached to a polyimide flex
layer (e.g., polyimide flex layer 22) positioned immediately therebelow so as to allow for the further
re-distribution of the metal interconnects 28. As further set forth above, metal interconnects are then
again formed on the additional polyimide flex layer 32 via a deposition (e.g., sputtering or
electroplating) process and subsequent patterning and etching process, so as to deform metal
interconnects 28 to extend down through vias 24 and into electrical contact with metal interconnects
28 on a polyimide flex layer 22, 32 positioned immediately therebelow. [0026]Referring now to FIGS. 4
and 5, detailed views of a portion of chip package 20 are shown according to embodiments of the
invention. For each of the embodiments of chip package 20 shown and described in FIGS. 4 and 5, a
thickness of metal interconnect 28 is dependent on a thickness of the adhesive layer 23 applied
between substrate 12 and polyimide flex layer 22. That is, it is recognized that there is a high
coefficient of thermal expansion (CTE) mismatch between the metal interconnect 28 formed in via 24
and the adhesive material forming layer 23. This high C IL mismatch can induce stress on metal
interconnect 28, eventually causing metal fatigue and cracking and resulting in loss/failure of the metal
interconnect. Thus, it is desired to provide a metal interconnect 28 having an increased thickness that
fills a larger percentage volume of via 24 (or completely fills the vias) to provide improved resistance to
metal fatigue and cracking, as compared to a thinner metal interconnect. [0027]Referring to FIG. 4, a
chip package 20 is provided according to an embodiment of the invention that includes a polyimide flex
layer 22 formed to have a thickness tp of 25 micrometers, such that it is constructed as a free-standing
film to which electronic chip 10 can be affixed. Adhesive layer 23 positioned between electronic chip
10 and polyimide flex layer 22 has a thickness ta of approximately 14 micrometers, so as to provide
adequate bonding between polyimide flex layer 22 and  electronic chip 10. Accordingly, via 24 formed
through polyimide flex layer 22 and adhesive layer 23 has a height h1 of approximately 39
micrometers. [0028]A metal interconnect 28 is formed on polyimide flex layer 22 and in via 24 by
application of a metal layer/material, such as by an electroplating process and subsequent patterning
and etching. Metal interconnect 28 is formed to include a cover pad 31 formed on top surface 30 of
polyimide flex layer 22, a base section 34 that forms an electrical connection with die pad 14, and a
sidewall 36 extending up from the base 34 along a perimeter of the via 24 and onto top surface 30 of
polyimide flex layer 22. According to the embodiment of FIG. 4, base 34 and sidewall 36 of metal
interconnect 28 are formed to have a thickness t1 in the range of 14 micrometers, so as to provide a
metal interconnect 28 resistant to metal fatigue and cracking that may occur based on stresses
imparted to the metal interconnect from a CTE mismatch between the metal forming metal
interconnect 28 and the surrounding materials forming polyimide flex layer 22 and adhesive 23. That
is, for a via 24 formed having a height h1 of approximately 39 micrometers, where a thickness ta of
adhesive layer 23 is 14 micrometers, a metal interconnect 28 having a base 34 and sidewall 36
thickness ti of 14 micrometers provides a metal interconnect having improved reliability with increased
resistance to failure resulting from thermal cycling. [0029]With respect to FIG. 4, it is recognized that
an adhesive layer 23 may be provided between substrate 12 and polyidmide flex layer 22 having a
thickness ta greater or lesser than 14 micrometers. In general, it is recognized that a thickness ti of
base 34 and sidewall 36 of metal interconnect 28 should be equal to or greater than a thickness ta of
adhesive layer 23. Thus, for example, for an adhesive layer 23 having a thickness ta of 16
micrometers, a metal interconnect 28 having a base 34 and sidewall 36 with a thickness ti of at least
16 micrometers would be provided, according to an embodiment of the invention. Providing a metal
interconnect 28 having a base 34 and sidewall 36 with a thickness ti equal to or greater than a
thickness ta of adhesive layer 23, provides a reliable, stress-resistant metal interconnect 28. 
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to the adhesive layer 23 in a face-down orientation using a die attach mechanism (not 

shown) or some similar procedure.  The polyimide flex layer 22 is in the form of a pre-

formed laminate sheet or film that can be placed on bare electronic chip 10.  For 

example, the polyimide flex layer 22 can be formed of Kapton®, Ultem®, 

polytetrafluoroethylene (PTFE), or another polymer film, such as a liquid crystal 

polymer (LCP).  According to an exemplary embodiment, adhesive layer 23 is 

comprised of an epoxy-based dielectric material, an epoxy resin, a photoacid generator, an 

antioxidant, and a cold catalyst corresponding to the photoacid generator, so as to provide 

an adhesive that promotes product reliability and yield.  Adhesive layer is formed to 

have a thickness that provides for adequate bonding between polyimide flex layer 22 

and electronic chip 10, such as a thickness in the range of 12 to 25 micrometers, for 

example.   

[0023] Upon application of polyimide flex layer 22 to bare electronic chip 10 by way 

of adhesive layer 23, a plurality of vias 24 are formed in the laminate layer.  The vias 24 

are formed by way of a laser ablation or laser drilling process and are formed at 

positions corresponding to die pads 14 located on substrate 12.  Laser drilling of vias 24 

in polyimide flex layer 22 thus serves to expose the die pads 14. 

[0024] Upon formation of vias 24, a metal layer/material 26 is applied onto 

polyimide flex layer 22 by way of, for example, a sputtering process, electroplating 

process, or combination of the two.  The deposited metal layer/material 26 is then 

formed into metal interconnects 28.  In one exemplary technique, metal layer/material 

26 is patterned and etched such that metal interconnects 28 are formed that extend from 

a top surface 30 of polyimide flex layer 22 and down through vias 24.  Metal 

interconnects 28 thus form an electrical connection with die pads 14.  In this manner, 

polyimide flex layer 22 forms a re-distribution layer that acts to redistribute the 

arrangement of die pads 14, which may (as shown in FIG. 1) be arranged about a 

periphery of each bare electronic chip 10, into an area array of interconnects distributed 

over the surface of electronic chip package 20.   

[0025] As shown in FIG. 3, one or more additional polyimide flex layers 32 are 

applied on polyimide flex layer 22 by way of associated adhesive layers 23 during 

[0030]Referring now to FIG. 5, a chip package 20 is provided according to another embodiment of the
invention that includes a polyimide flex layer 22 having a thickness  tr, of 25 micrometers, such that it
is constructed as a free-standing film to which electronic chip 10 can be affixed. An adhesive layer 23
positioned between electronic chip 10 and polyimide flex layer 22 has a thickness ta of approximately
14 micrometers, so as to provide adequate bonding between polyimide flex layer 22 and electronic
chip 10. Accordingly, via 24 formed through polyimide flex layer 22 and adhesive layer 23 has a height
h1 of approximately 39 micrometers. [0031]According to the embodiment of FIG. 5, a metal
interconnect 28 is provided having a cover pad 31 formed on top surface 30 of polyimide flex layer 22,
along with a "base section" and "sidewall" in the form of a post interconnect 38 that fills (or
substantially fills) via 24. A variety of "solid via plating" metallization techniques may be implemented
to create post interconnect 38, such as by forming a solid metal in via 24 by implementing a selective
pattern plate-up of the via metal or, through mechanisms of differential etching and plating rates,
implement a pulsed plating that alternately plates and etches metal. Thus, post interconnect 38 can be
described as a metal interconnect 28 having a "base section" and "sidewall" having a great enough
thickness that via 24 is substantially or completely filled, thereby forming a post interconnect. As post
interconnect 38 fills via 24, it has a "thickness" greater than the thickness ta of adhesive layer 23, and
thus provides a metal interconnect having improved reliability with increased resistance to failure
resulting from thermal cycling. [0032]For each of the embodiments set forth in FIGS. 4 and 5, it is
recognized that a diameter d1 and aspect ratio (ratio of height to diameter) of via 24 may affect
formation of the metal interconnect 28 during an electroplating process. For a high-density
interconnect chip package where the pitch 16 (FIG. 1) between die pads 14 is decreased, it is
recognized that a diameter d1 of each via 24 is also decreased in order to allow for formation of vias
corresponding to die pads 14 and the minimized pitch therebetween. However, while the diameter d1
of via 24 can be reduced in order to provide for an electrical connection to die pad 14 of electronic chip
10, there are limits regarding a reduction in a thickness tr, of polyimide flex layer 22 (e.g., a minimum
polyimide flex layer thickness of 25 micrometers), either because of impedance requirements between
high frequency layers or due to dimensional rigidity needed for pattern overlay alignment. Therefore, a
reduction in the diameter d1 of each via 24 results in a via having an increased aspect ratio (i.e., ratio
of height to diameter). [0033]The decreased diameter d1 and increased height-to-diameter aspect ratio
of via 24 makes it harder to fill via 24 with metal during electroplating, thereby causing inconsistencies
in the thickness of portions of metal interconnect 28. More specifically, the decreased diameter d1 and
increased height-to-diameter aspect ratio of via 24 can lead to a thickness tc of cover pad 31 being
greater than a thickness ti of base 34 and sidewall 36. For example, such as shown in FIG. 4, for a via
24 formed having a bottom diameter d1 of 25 micrometers and a height of 39 micrometers, a thickness
tc of cover pad 31 may be 8 micrometers while a thickness ti of base 34 and sidewall 36 may be
approximately 5.5 micrometers, based on the inherent difficulty of filling via 24 with metal during
electroplating. [0034] Referring now to FIGS. 6A and 6B, and with continued reference to FIGS. 4 and
5, the relationship between metal interconnect reliability and a thickness t1 of base 34 and sidewall 36
is illustrated, with a via string failure percentage axis 40 being plotted against a base/sidewall
thickness axis 42. As examples, a via string failure percentage is shown in FIG. 6A for a 8 micrometer
top surface metal interconnect plating (i.e., a thickness of cover pad 31 of the metal interconnect) of a
plurality of via sizes, including: a 25 micrometer diameter via, a 35 micrometer diameter via, and a 45
micrometer diameter via, with via string failure percentage being illustrated for thermal cycling of 750
cycles, 1000 cycles, and 1250 cycles. As shown in FIG. 6A, the actual thickness t1 of the
base/sidewall 34, 36 formed by the 8 micrometer top surface plating varies based on the via diameter,
with the base/sidewall thickness in the 25 micrometer via being approximately 5.6 micrometers, the
base/sidewall thickness in the 35 micrometer via being approximately 6.8 micrometers, and the
base/sidewall thickness in the 45 micrometer via being approximately 7.7 micrometers. 



 

 8 

construction of chip package 20, according to an embodiment of the invention.  Similar 

to the steps set forth above, a plurality of vias 24 are formed in the additional polyimide 

flex layers 32 by way of, for example, a laser ablation or laser drilling process.  The vias 

24 in each of the additional polyimide flex layers 32 are formed at positions 

corresponding to metal interconnects 28 attached to a polyimide flex layer (e.g., 

polyimide flex layer 22) positioned immediately therebelow so as to allow for the 

further re-distribution of the metal interconnects 28.  As further set forth above, metal 

interconnects are then again formed on the additional polyimide flex layer 32 via a 

deposition (e.g., sputtering or electroplating) process and subsequent patterning and 

etching process, so as to deform metal interconnects 28 to extend down through vias 24 

and into electrical contact with metal interconnects 28 on a polyimide flex layer 22, 32 

positioned immediately therebelow.  

[0026] Referring now to FIGS. 4 and 5, detailed views of a portion of chip package 

20 are shown according to embodiments of the invention.  For each of the embodiments 

of chip package 20 shown and described in FIGS. 4 and 5, a thickness of metal 

interconnect 28 is dependent on a thickness of the adhesive layer 23 applied between 

substrate 12 and polyimide flex layer 22.  That is, it is recognized that there is a high 

coefficient of thermal expansion (CTE) mismatch between the metal interconnect 28 

formed in via 24 and the adhesive material forming layer 23.  This high CTE mismatch 

can induce stress on metal interconnect 28, eventually causing metal fatigue and 

cracking and resulting in loss/failure of the metal interconnect.  Thus, it is desired to 

provide a metal interconnect 28 having an increased thickness that fills a larger 

percentage volume of via 24 (or completely fills the vias) to provide improved 

resistance to metal fatigue and cracking, as compared to a thinner metal interconnect. 

[0027] Referring to FIG. 4, a chip package 20 is provided according to an 

embodiment of the invention that includes a polyimide flex layer 22 formed to have a 

thickness tp of 25 micrometers, such that it is constructed as a free-standing film to 

which electronic chip 10 can be affixed.  Adhesive layer 23 positioned between 

electronic chip 10 and polyimide flex layer 22 has a thickness ta of approximately 14 

micrometers, so as to provide adequate bonding between polyimide flex layer 22 and 

[0035]Referring now to FIG. 6B, a via string failure percentage for thermal cycling of 750 cycles is
shown for a 8 micrometer top surface metal interconnect plating of a plurality of via sizes, including: a
25 micrometer diameter via, a 35 micrometer diameter via, and a 45 micrometer diameter via, for
thermal cycling of 750 cycles. Additionally, a via string failure percentage for thermal cycling of 750
cycles is shown for a 4 micrometer top surface metal interconnect plating of a 25 micrometer diameter
via. As shown in FIG. 6B, the actual thickness t1 of the base/sidewall 34, 36 formed by the 8
micrometer plating varies based on the via diameter, with the base/sidewall thickness in the 25
micrometer via being approximately 5.6 micrometers, the base/sidewall thickness in the 35 micrometer
via being approximately 6.8 micrometers, and the base/sidewall thickness in the 45 micrometer via
being approximately 7.7 micrometers. For the 4 micrometer plating in the 25 micrometer via, the
base/sidewall thickness is approximately 2.9 micrometers. [0036]Based on FIGS. 6A and 6B, it can be
seen that the via string failure percentage (i.e., metal interconnect reliability) is a function of the
thickness ti of base/sidewall 34/36 of the metal interconnect, and is independent from the metal
interconnect plating thickness (i.e., thickness tc of cover pad 31) and the via diameter. That is, the
thickness tc of cover pad 31 of the metal interconnect 28 and the diameter d1 of via 24 do not affect
metal interconnect reliability. Rather, it is the thickness t1 of the metal interconnect base and sidewall
34, 36 within via 24, a desired value of which is determined based on a thickness ta of adhesive layer
23, that determines reliability of the metal interconnect 28 and resistance to failure resulting from
thermal cycling. [0037]Thus, it is recognized that in forming metal interconnects 28, it is the thickness
t1 of base 34 and sidewall 36 that is taken into account when electroplating a metal material onto
polyimide flex layer 22 and into via 24. As the reliability of the metal interconnect 28 during thermal
cycling is dependent on the total volume of metal present within via 24 (i.e., the thickness t1 of base 34
and sidewall 36), it is the thickness t1 of base 34 and sidewall 36 relative to the thickness ta of
adhesive layer 23 that is taken into account, rather than a thickness tc of cover pad 31 formed on top
surface 30 of polyimide flex layer 22. Accordingly, during electroplating, an amount of metal material
26 is applied sufficient to form a base 34 and sidewall 36 of metal interconnect 28 having a desired
thickness t1 (i.e., a thickness t1 equal to or greater than a thickness ta of adhesive layer 23), or
entirely filling via 24 (i.e., post interconnect 38) and it is  recognized that a thickness tc of cover pad 31
may be larger than a thickness of base 34 and sidewall 36. [0038]Therefore, according to one
embodiment of the invention, a chip package 
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electronic chip 10.  Accordingly, via 24 formed through polyimide flex layer 22 and 

adhesive layer 23 has a height h1 of approximately 39 micrometers.   

[0028] A metal interconnect 28 is formed on polyimide flex layer 22 and in via 24 by 

application of a metal layer/material, such as by an electroplating process and 

subsequent patterning and etching.  Metal interconnect 28 is formed to include a cover 

pad 31 formed on top surface 30 of polyimide flex layer 22, a base section 34 that forms 

an electrical connection with die pad 14, and a sidewall 36 extending up from the base 

34 along a perimeter of the via 24 and onto top surface 30 of polyimide flex layer 22.  

According to the embodiment of FIG. 4, base 34 and sidewall 36 of metal interconnect 

28 are formed to have a thickness t1 in the range of 14 micrometers, so as to provide a 

metal interconnect 28 resistant to metal fatigue and cracking that may occur based on 

stresses imparted to the metal interconnect from a CTE mismatch between the metal 

forming metal interconnect 28 and the surrounding materials forming polyimide flex 

layer 22 and adhesive 23.  That is, for a via 24 formed having a height h1 of 

approximately 39 micrometers, where a thickness ta of adhesive layer 23 is 14 

micrometers, a metal interconnect 28 having a base 34 and sidewall 36 thickness t1 of 

14 micrometers provides a metal interconnect having improved reliability with 

increased resistance to failure resulting from thermal cycling.   

[0029] With respect to FIG. 4, it is recognized that an adhesive layer 23 may be 

provided between substrate 12 and polyidmide flex layer 22 having a thickness ta 

greater or lesser than 14 micrometers.  In general, it is recognized that a thickness t1 of 

base 34 and sidewall 36 of metal interconnect 28 should be equal to or greater than a 

thickness ta of adhesive layer 23.  Thus, for example, for an adhesive layer 23 having a 

thickness ta of 16 micrometers, a metal interconnect 28 having  a base 34 and sidewall 

36 with a thickness t1 of at least 16 micrometers would be provided, according to an 

embodiment of the invention.  Providing a metal interconnect 28 having a base 34 and 

sidewall 36 with a thickness t1 equal to or greater than a thickness ta of adhesive layer 

23, provides a reliable, stress-resistant metal interconnect 28.   

[0030] Referring now to FIG. 5, a chip package 20 is provided according to another 

embodiment of the invention that includes a polyimide flex layer 22 having a thickness 

includes an electronic chip having a plurality of die pads formed on a top surface thereof and a
polyimide flex layer positioned on the electronic chip, with the polyimide flex layer having a plurality of
vias formed therein such that each of the plurality of vias corresponds to a respective die pad. The
chip package also includes an adhesive layer deposited between the electronic chip and the polyimide
flex layer and a plurality of metal interconnects formed on the polyimide flex layer, with each of the
plurality of metal interconnects further including a cover pad covering a portion of a top surface of the
polyimide flex layer, a sidewall extending down from the cover pad and through the via along a
perimeter thereof, and a base connected to the sidewall and forming an electrical connection with a
respective die pad, wherein a thickness of each of the base and the sidewall is equal to or greater than
a thickness of the adhesive layer. [0039] According to another embodiment of the invention, a method
of forming a chip package includes the steps of providing a silicon wafer having an integrated circuit
(IC) thereon and a plurality of die pads formed on a top surface thereof, applying an adhesive layer to
the top surface of the silicon wafer, adhering the silicon wafer to a free-standing polyimide flex layer by
way of the adhesive layer, and forming a plurality of vias through the free-standing polyimide flex layer
and the adhesive layer, with each of the plurality of vias extending to a respective one of the plurality
of die pads. The method also includes the step of forming a plurality of metal interconnects on the
freestanding polyimide flex layer such that each of the plurality of metal interconnects extends through
a respective via to electrically connect to a respective die pad, wherein forming the plurality of metal
interconnects further includes determining a desired metal interconnect thickness based on a
thickness of the adhesive layer, depositing a metal material on the free-standing polyimide flex layer
and in the plurality of vias having the desired metal interconnect thickness, and patterning and etching
the metal material to form the plurality of metal interconnects having the desired thickness.
[0040]According to yet another embodiment of the invention, a chip package includes a silicon wafer
having a plurality of die pads formed on a top surface thereof, an adhesive layer deposited on the
silicon wafer, and a free-standing dielectric layer affixed to the adhesive layer and having a plurality of
vias formed therethrough each extending through the adhesive layer to a respective one of the
plurality of die pads. The chip package also includes a plurality of metal interconnects formed on the
freestanding polyimide flex film such that each of the plurality of metal interconnects extends through a
respective via to form an electrical connection with a respective die pad. Each of the plurality of metal
interconnects further includes a cover pad covering a portion of a top surface of the free-standing
polyimide flex film, a base forming an electrical connection with a respective die pad, and a sidewall
extending between the cover pad and the base along a perimeter of the via, with each of the base and
the sidewall being constructed to have a thickness equal to or greater than a thickness of the adhesive
layer. [0041]While the invention has been described in detail in connection with only a limited number
of embodiments, it should be readily understood that the invention is not limited to such disclosed
embodiments. Rather, the invention can be modified to incorporate any number of variations,
alterations, substitutions or equivalent arrangements not heretofore described, but which are
commensurate with the spirit and scope of the invention. Additionally, while various embodiments of
the invention have been described, it is to be understood that aspects of the invention may include
only some of the described embodiments. Accordingly, the invention is not to be seen as limited by the
foregoing description, but is only limited by the scope of the appended claims.    Original parts list  
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tp of 25 micrometers, such that it is constructed as a free-standing film to which 

electronic chip 10 can be affixed.  An adhesive layer 23 positioned between electronic 

chip 10 and polyimide flex layer 22 has a thickness ta of approximately 14 micrometers, 

so as to provide adequate bonding between polyimide flex layer 22 and electronic chip 

10.  Accordingly, via 24 formed through polyimide flex layer 22 and adhesive layer 23 

has a height h1 of approximately 39 micrometers.   

[0031] According to the embodiment of FIG. 5, a metal interconnect 28 is provided 

having a cover pad 31 formed on top surface 30 of polyimide flex layer 22, along with a 

“base section” and “sidewall” in the form of a post interconnect 38 that fills (or 

substantially fills) via 24.   A variety of “solid via plating” metallization techniques may 

be implemented to create post interconnect 38, such as by forming a solid metal in via 

24 by implementing a selective pattern plate-up of the via metal or, through mechanisms 

of differential etching and plating rates, implement a pulsed plating that alternately 

plates and etches metal.  Thus, post interconnect 38 can be described as a metal 

interconnect 28 having a “base section” and “sidewall” having a great enough thickness 

that via 24 is substantially or completely filled, thereby forming a post interconnect.  As 

post interconnect 38 fills via 24, it has a “thickness” greater than the thickness ta of 

adhesive layer 23, and thus provides a metal interconnect having improved reliability 

with increased resistance to failure resulting from thermal cycling. 

[0032] For each of the embodiments set forth in FIGS. 4 and 5, it is recognized that a 

diameter d1 and aspect ratio (ratio of height to diameter) of via 24 may affect formation 

of the metal interconnect 28 during an electroplating process.  For a high-density 

interconnect chip package where the  pitch 16 (FIG. 1) between die pads 14 is 

decreased, it is recognized that a diameter d1 of each via 24 is also decreased in order to 

allow for formation of vias corresponding to die pads 14 and the minimized pitch 

therebetween.  However, while the diameter d1 of via 24 can be reduced in order to 

provide for an electrical connection to die pad 14 of electronic chip 10, there are limits 

regarding a reduction in a thickness tp of polyimide flex layer 22 (e.g., a minimum 

polyimide flex layer thickness of 25 micrometers), either because of impedance 

requirements between high frequency layers or due to dimensional rigidity needed for 

10 bare or unpackaged electronic chip  12 substrate  14 plurality of die pads  16 pitch  
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pattern overlay alignment. Therefore, a reduction in the diameter d1 of each via 24 

results in a via having an increased aspect ratio (i.e., ratio of height to diameter).   

[0033] The decreased diameter d1 and increased height-to-diameter aspect ratio of 

via 24 makes it harder to fill via 24 with metal during electroplating, thereby causing 

inconsistencies in the thickness of portions of metal interconnect 28.  More specifically, 

the decreased diameter d1 and increased height-to-diameter aspect ratio of via 24 can 

lead to a thickness tc of cover pad 31 being greater than a thickness t1 of base 34 and 

sidewall 36.  For example, such as shown in FIG. 4, for a via 24 formed having a 

bottom diameter d1 of 25 micrometers and a height of 39 micrometers, a thickness tc of 

cover pad 31 may be 8 micrometers while a thickness t1 of base 34 and sidewall 36 may 

be approximately 5.5 micrometers, based on the inherent difficulty of filling via 24 with 

metal during electroplating.   

[0034] Referring now to FIGS. 6A and 6B, and with continued reference to FIGS. 4 

and 5, the relationship between metal interconnect reliability and a thickness t1 of base 

34 and sidewall 36 is illustrated, with a via string failure percentage axis 40 being 

plotted against a base/sidewall thickness axis 42.  As examples, a via string failure 

percentage is shown in FIG. 6A for a 8 micrometer top surface metal interconnect 

plating (i.e., a thickness of cover pad 31 of the metal interconnect) of a plurality of via 

sizes, including: a 25 micrometer diameter via, a 35 micrometer diameter via, and a 45 

micrometer diameter via, with via string failure percentage being illustrated for thermal 

cycling of 750 cycles, 1000 cycles, and 1250 cycles.  As shown in FIG. 6A, the actual 

thickness t1 of the base/sidewall 34, 36 formed by the 8 micrometer top surface plating 

varies based on the via diameter, with the base/sidewall thickness in the 25 micrometer 

via being approximately 5.6 micrometers, the base/sidewall thickness in the 35 

micrometer via being approximately 6.8 micrometers, and the base/sidewall thickness in 

the 45 micrometer via being approximately 7.7 micrometers.   

[0035] Referring now to FIG. 6B, a via string failure percentage for thermal cycling 

of 750 cycles is shown for a 8 micrometer top surface metal interconnect plating of a 

plurality of via sizes, including: a 25 micrometer diameter via, a 35 micrometer 

diameter via, and a 45 micrometer diameter via, for thermal cycling of 750 cycles.  

20 chip package  22 polyimide flex layer or circuit board  23 adhesive layer  24 plurality of vias  
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Additionally, a via string failure percentage for thermal cycling of 750 cycles is shown 

for a 4 micrometer top surface metal interconnect plating of a 25 micrometer diameter 

via.  As shown in FIG. 6B, the actual thickness t1 of the base/sidewall 34, 36 formed by 

the 8 micrometer plating varies based on the via diameter, with the base/sidewall 

thickness in the 25 micrometer via being approximately 5.6 micrometers, the 

base/sidewall thickness in the 35 micrometer via being approximately 6.8 micrometers, 

and the base/sidewall thickness in the 45 micrometer via being approximately 7.7 

micrometers.  For the 4 micrometer plating in the 25 micrometer via, the base/sidewall 

thickness is approximately 2.9 micrometers.   

[0036] Based on FIGS. 6A and 6B, it can be seen that the via string failure 

percentage (i.e., metal interconnect reliability) is a function of the thickness t1 of 

base/sidewall 34/36 of the metal interconnect, and is independent from the metal 

interconnect plating thickness (i.e., thickness tc of cover pad 31) and the via diameter.  

That is, the thickness tc of cover pad 31 of the metal interconnect 28 and the diameter d1 

of via 24 do not affect metal interconnect reliability.  Rather, it is the thickness t1 of the 

metal interconnect base and sidewall 34, 36 within via 24, a desired value of which is 

determined based on a thickness ta of adhesive layer 23, that determines reliability of the 

metal interconnect 28 and resistance to failure resulting from thermal cycling. 

[0037] Thus, it is recognized that in forming metal interconnects 28, it is the 

thickness t1 of base 34 and sidewall 36 that is taken into account when electroplating a 

metal material onto polyimide flex layer 22 and into via 24.  As the reliability of the 

metal interconnect 28 during thermal cycling is dependent on the total volume of metal 

present within via 24 (i.e., the thickness t1 of base 34 and sidewall 36), it is the thickness 

t1 of base 34 and sidewall 36 relative to the thickness ta of adhesive layer 23 that is taken 

into account, rather than a thickness tc of cover pad 31 formed on top surface 30 of 

polyimide flex layer 22.  Accordingly, during electroplating, an amount of metal 

material 26 is applied sufficient to form a base 34 and sidewall 36 of metal interconnect 

28 having a desired thickness t1 (i.e., a thickness t1 equal to or greater than a thickness ta 

of adhesive layer 23), or entirely filling via 24 (i.e., post interconnect 38) and it is 

26 metal layer/material  28 metal interconnects  30 top surface  31 cover pad  
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recognized that a thickness tc of cover pad 31 may be larger than a thickness of base 34 

and sidewall 36. 

[0038] Therefore, according to one embodiment of the invention, a chip package 

includes an electronic chip having a plurality of die pads formed on a top surface 

thereof and a polyimide flex layer positioned on the electronic chip, with the polyimide 

flex layer having a plurality of vias formed therein such that each of the plurality of vias 

corresponds to a respective die pad.  The chip package also includes  an adhesive layer 

deposited between the electronic chip and the polyimide flex layer and a plurality of 

metal interconnects formed on the polyimide flex layer, with each of the plurality of 

metal interconnects further including a cover pad covering a portion of a top surface of 

the polyimide flex layer, a sidewall extending down from the cover pad and through the 

via along a perimeter thereof, and a base connected to the sidewall and forming an 

electrical connection with a respective die pad, wherein a thickness of each of the base 

and the sidewall is equal to or greater than a thickness of the adhesive layer.  

[0039] According to another embodiment of the invention, a method of forming a 

chip package includes the steps of providing a silicon wafer having an integrated circuit 

(IC) thereon and a plurality of die pads formed on a top surface thereof, applying an 

adhesive layer to the top surface of the silicon wafer, adhering the silicon wafer to a 

free-standing polyimide flex layer by way of the adhesive layer, and forming a plurality 

of vias through the free-standing polyimide flex layer and the adhesive layer, with each 

of the plurality of vias extending to a respective one of the plurality of die pads.  The 

method also includes the step of forming a plurality of metal interconnects on the free-

standing polyimide flex layer such that each of the plurality of metal interconnects 

extends through a respective via to electrically connect to a respective die pad, wherein 

forming the plurality of metal interconnects further includes determining a desired metal 

interconnect thickness based on a thickness of the adhesive layer, depositing a metal 

material on the free-standing polyimide flex layer and in the plurality of vias having the 

desired metal interconnect thickness, and patterning and etching the metal material to 

form the plurality of metal interconnects having the desired thickness. 

32 additional polyimide flex layers  34 base section  36 sidewall  38 post interconnect  
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[0040] According to yet another embodiment of the invention, a chip package 

includes a silicon wafer having a plurality of die pads formed on a top surface thereof, 

an adhesive layer deposited on the silicon wafer, and a free-standing dielectric layer 

affixed to the adhesive layer and having a plurality of vias formed therethrough each 

extending through the adhesive layer to a respective one of the plurality of die pads.  

The chip package also includes a plurality of metal interconnects formed on the free-

standing polyimide flex film such that each of the plurality of metal interconnects 

extends through a respective via to form an electrical connection with a respective die 

pad.  Each of the plurality of metal interconnects further includes a cover pad covering a 

portion of a top surface of the free-standing polyimide flex film, a base forming an 

electrical connection with a respective die pad, and a sidewall extending between the 

cover pad and the base along a perimeter of the via, with each of the base and the 

sidewall being constructed to have a thickness equal to or greater than a thickness of the 

adhesive layer. 

[0041] While the invention has been described in detail in connection with only a 

limited number of embodiments, it should be readily understood that the invention is not 

limited to such disclosed embodiments.  Rather, the invention can be modified to 

incorporate any number of variations, alterations, substitutions or equivalent 

arrangements not heretofore described, but which are commensurate with the spirit and 

scope of the invention.  Additionally, while various embodiments of the invention have 

been described, it is to be understood that aspects of the invention may include only 

some of the described embodiments.  Accordingly, the invention is not to be seen as 

limited by the foregoing description, but is only limited by the scope of the appended 

claims. 
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1. A chip package comprising: an electronic chip having a plurality of die pads formed on a top surface
thereof; 
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a polyimide flex layer positioned on the electronic chip, the polyimide flex layer having a plurality of
vias formed therein such that each of the plurality of vias corresponds to a respective die pad;
an adhesive layer deposited between the electronic chip and the polyimide flex layer; and             a
plurality of metal interconnects formed on the polyimide flex layer, each of the plurality of metal
interconnects comprising: a cover pad covering a portion of a top surface of the polyimide flex layer;
a sidewall extending down from the cover pad and through the via along a perimeter thereof; and
a base connected to the sidewall and forming an electrical connection with a respective die pad;
wherein a thickness of each of the base and the sidewall is equal to or greater than a thickness of the
adhesive layer.       2. The chip package of claim 1 wherein a thickness of each of the base and the
sidewall is such that a volume of a respective via is filled by the metal interconnect.       3. The chip
package of claim 2 wherein the metal interconnect comprises a post interconnect.       4. The chip
package of claim 1 wherein the polyimide flex layer comprises a free-standing film configured to
support the electronic chip.  
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CLAIMS 

What is claimed is: 

 

1. A chip package comprising: 

  an electronic chip having a plurality of die pads formed on a top surface 

thereof; 

  a polyimide flex layer positioned on the electronic chip, the polyimide 

flex layer having a plurality of vias formed therein such that each of the plurality of vias 

corresponds to a respective die pad;  

an adhesive layer deposited between the electronic chip and the 

polyimide flex layer; and 

  a plurality of metal interconnects formed on the polyimide flex layer, 

each of the plurality of metal interconnects comprising: 

a cover pad covering a portion of a top surface of the polyimide 

flex layer; 

a sidewall extending down from the cover pad and through the 

via along a perimeter thereof; and 

a base connected to the sidewall and forming an electrical 

connection with a respective die pad;  

wherein a thickness of each of the base and the sidewall is equal 

to or greater than a thickness of the adhesive layer. 

 

2. The chip package of claim 1 wherein a thickness of each of the base and 

the sidewall is such that a volume of a respective via is filled by the metal interconnect. 

 

3. The chip package of claim 2 wherein the metal interconnect comprises a 

post interconnect. 

 

4. The chip package of claim 1 wherein the polyimide flex layer comprises 

a free-standing film configured to support the electronic chip. 

 

5. The chip package of claim 1 wherein a composition of the adhesive layer comprises an
epoxy-based dielectric material, an epoxy resin, a photoacid generator, an antioxidant, and a cold
catalyst corresponding to the photoacid generator.       6. The chip package of claim 1 wherein the
thickness of the adhesive layer is in the range of 12 to 25 micrometers.       7. The chip package of
claim 1 wherein a diameter of each of the plurality of vias is less than 45 micrometers.       8. The chip
package of claim 7 wherein a thickness of the cover pad is greater than a thickness of the base and
the sidewall.       9. A method of forming a chip package comprising:             providing a silicon wafer
having an integrated circuit (IC) thereon and a plurality of die pads formed on a top surface thereof;
applying an adhesive layer to the top surface of the silicon wafer; adhering the silicon wafer to a
free-standing polyimide flex layer by way of the adhesive layer;             forming a plurality of vias
through the free-standing polyimide flex layer and the adhesive layer, each of the plurality of vias
extending to a respective one of the plurality of die pads; and             forming a plurality of metal
interconnects on the free-standing polyimide flex layer such that each of the plurality of metal
interconnects extends through a respective via to electrically connect to a respective die pad, wherein
forming the plurality of metal interconnects comprises:                  determining a desired metal
interconnect thickness based on a thickness of the adhesive layer;                  depositing a metal
material on the free-standing polyimide flex layer and in the plurality of vias having the desired metal
interconnect thickness; and                  patterning and etching the metal material to form the plurality of
metal interconnects having the desired thickness. 
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5. The chip package of claim 1 wherein a composition of the adhesive layer 

comprises an epoxy-based dielectric material, an epoxy resin, a photoacid generator, an 

antioxidant, and a cold catalyst corresponding to the photoacid generator. 

 

6. The chip package of claim 1 wherein the thickness of the adhesive layer 

is in the range of 12 to 25 micrometers. 

 

7. The chip package of claim 1 wherein a diameter of each of the plurality 

of vias is less than 45 micrometers.   

 

8. The chip package of claim 7 wherein a thickness of the cover pad is 

greater than a thickness of the base and the sidewall. 

 

9. A method of forming a chip package comprising: 

  providing a silicon wafer having an integrated circuit (IC) thereon and a 

plurality of die pads formed on a top surface thereof; 

  applying an adhesive layer to the top surface of the silicon wafer; 

adhering the silicon wafer to a free-standing polyimide flex layer by way 

of the adhesive layer; 

forming a plurality of vias through the free-standing polyimide flex layer 

and the adhesive layer, each of the plurality of vias extending to a respective one of the 

plurality of die pads; and 

forming a plurality of metal interconnects on the free-standing polyimide 

flex layer such that each of the plurality of metal interconnects extends through a 

respective via to electrically connect to a respective die pad, wherein forming the 

plurality of metal interconnects comprises: 

 determining a desired metal interconnect thickness based on a 

thickness of the adhesive layer; 

 depositing a metal material on the free-standing polyimide flex 

layer and in the plurality of vias having the desired metal interconnect thickness; and  

patterning and etching the metal material to form the plurality of 

metal interconnects having the desired thickness. 

10. The method of claim 9 wherein depositing, patterning, and etching each of the plurality of metal
interconnects comprises:             forming a cover pad covering a portion of a top surface of the
freestanding polyimide flex layer;             forming a sidewall extending down from the cover pad and
through a respective via along a perimeter thereof; and             forming a base connected to the
sidewall and forming an electrical connection with a respective die pad;             wherein the sidewall
and the base are formed to have the determined desired thickness.       11. The method of claim 10
wherein forming the sidewall and the base to have the determined desired thickness comprises
forming the sidewall and the base to have a thickness equal to or greater than a thickness of the
adhesive layer.       12. The method of claim 10 wherein forming the sidewall and the base to have the
determined desired thickness comprises forming the sidewall and the base such that a respective via
is completely filled with the metal material.       13. The method of claim 10 wherein forming the cover
pad comprises forming a cover pad having a thickness greater than the thickness of the sidewall and
base.       14. The method of claim 9 wherein adhering the silicon wafer to the freestanding polyimide
flex layer comprises adhering the silicon wafer to the free-standing polyimide flex layer in a face-down
orientation.       15. The method of claim 9 wherein applying the adhesive layer comprises applying an
adhesive layer having a composition of an epoxy-based dielectric material, an epoxy resin, a
photoacid generator, an antioxidant, and a cold catalyst corresponding to the photoacid generator.  



 

 18 

 

 10. The method of claim 9 wherein depositing, patterning, and etching each 

of the plurality of metal interconnects comprises: 

forming a cover pad covering a portion of a top surface of the free-

standing polyimide flex layer; 

forming a sidewall extending down from the cover pad and through a 

respective via along a perimeter thereof; and 

forming a base connected to the sidewall and forming an electrical 

connection with a respective die pad; 

wherein the sidewall and the base are formed to have the determined 

desired thickness.  

 

11. The method of claim 10 wherein forming the sidewall and the base to 

have the determined desired thickness comprises forming the sidewall and the base to 

have a thickness equal to or greater than a thickness of the adhesive layer. 

 

12. The method of claim 10 wherein forming the sidewall and the base to 

have the determined desired thickness comprises forming the sidewall and the base such 

that a respective via is completely filled with the metal material.  

 

13. The method of claim 10 wherein forming the cover pad comprises 

forming a cover pad having a thickness greater than the thickness of the sidewall and 

base.  

 

14. The method of claim 9 wherein adhering the silicon wafer to the free-

standing polyimide flex layer comprises adhering the silicon wafer to the free-standing 

polyimide flex layer in a face-down orientation. 

 

15. The method of claim 9 wherein applying the adhesive layer comprises 

applying an adhesive layer having a composition of an epoxy-based dielectric material, an 

epoxy resin, a photoacid generator, an antioxidant, and a cold catalyst corresponding to the 

photoacid generator. 

16. The method of claim 9 wherein depositing the metal material comprises electroplating the metal
material on the free-standing polyimide flex layer and in the plurality of vias.       17. A chip package
comprising: a silicon wafer having a plurality of die pads formed on a top surface thereof; an adhesive
layer deposited on the silicon wafer;             a free-standing dielectric layer affixed to the adhesive
layer and having a plurality of vias formed therethrough each extending through the adhesive layer to
a respective one of the plurality of die pads; and             a plurality of metal interconnects formed on
the free-standing polyimide flex film such that each of the plurality of metal interconnects extends
through a respective via to form an electrical connection with a respective die pad, each of the plurality
of metal interconnects comprising:                  a cover pad covering a portion of a top surface of the
freestanding polyimide flex film; a base forming an electrical connection with a respective die pad; and
a sidewall extending between the cover pad and the base along a perimeter of the via; 
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16. The method of claim 9 wherein depositing the metal material comprises 

electroplating the metal material on the free-standing polyimide flex layer and in the 

plurality of vias. 

 

 17. A chip package comprising: 

  a silicon wafer having a plurality of die pads formed on a top surface 

thereof; 

an adhesive layer deposited on the silicon wafer; 

a free-standing dielectric layer affixed to the adhesive layer and having a 

plurality of vias formed therethrough each extending through the adhesive layer to a 

respective one of the plurality of die pads; and 

a plurality of metal interconnects formed on the free-standing polyimide 

flex film such that each of the plurality of metal interconnects extends through a 

respective via to form an electrical connection with a respective die pad, each of the 

plurality of metal interconnects comprising: 

a cover pad covering a portion of a top surface of the free-

standing polyimide flex film; 

a base forming an electrical connection with a respective die pad; 

and 

a sidewall extending between the cover pad and the base along a 

perimeter of the via;  

wherein each of the base and the sidewall is constructed to have a 

thickness equal to or greater than a thickness of the adhesive layer.   

 

18. The chip package of claim 17 wherein each of the base and the sidewall 

is constructed to have a thickness such that a volume of a respective via is filled by the 

metal interconnect.  

 

19. The chip package of claim 18 wherein the metal interconnect comprises 

a post interconnect. 

 

wherein each of the base and the sidewall is constructed to have a thickness equal to or greater than a
thickness of the adhesive layer.       18. The chip package of claim 17 wherein each of the base and
the sidewall is constructed to have a thickness such that a volume of a respective via is filled by the
metal interconnect.       19. The chip package of claim 18 wherein the metal interconnect comprises a
post interconnect.  20.The chip package of claim 19 wherein the thickness of the adhesive layer is in
the range of 12 to 25 micrometers. 
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20. The chip package of claim 19 wherein the thickness of the adhesive layer 

is in the range of 12 to 25 micrometers. 


