WO 2018/236585 PCT/US2018/036298

METHOD OF REDISTRIBUTION LAYER FORMATION FOR ADVANCED
PACKAGING APPLICATIONS

BACKGROUND
Field

{0001} Embodiments  described herein generally relale to the field of
semiconduciors, and more specifically, 1o methods of packaging semiconductor

devices.

Description of the Related Art

[6602] As circuit densities increase and device sizes decrease for next generation
semiconductor devices, providing the exiernal connections, Le., wiring, to these
devices requires advanced packaging technologies. One such packaging technology

is wafer level packaging.

{00603} Wafer level packaging streamlines the manufacturing and packaging
processes of semiconductor devices by integrating device manufacturing, package
assembly {packaging), electrical testing, and reliabiiity testing (burn-in) at the wafer
level, where forming of the top and bottom layers of the packaging, creating the /O
connections, and testing the packaged device are all performed before the devices
are singulated into individual packaged components. The advantages of wafer level
packaging include reduced overall manufacturing cosis of the resulting device,
reduced package size, and improved electrical and thermal performance. However,
typical wafer level packaging schemes limit the number of /O connections that can
be made to the semiconductor device to the number of VO ferminals that can be
spread over the surface of the die. Fan-out wafer level packaging retains the
advantages of wafer level packaging while increasing the area available for /O
terminals by redistributing the /O terminals {0 areas exterior of the surface of the die,

using one or more redistribution layers.
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{0004] Fan-out wafer level packaging processes require that the surface aresg of
the /O terminal redistribution layer for each individual die be larger than the surface
area of the individual die itself. However, because it is desirable o maximize the
number of devices (dies) on a wafer in order {0 minimize costs during manufacturing
of the device, the spaces between individual devices (dice lines) are usually only
farge enough to accommodate the width of the dicing saw used {0 dice the wafer into
its individual dies. One method of crealing the desired additional surface area
exiernal of the die surface is to form a new wafer with dies redistributed in a spaced

apart pattern, known as a reconstituted substrate.

[0005] Typically, 1o form a reconstituted subsirate a wafer is singulated into
individual! die which are then positioned on a molding piate (carrier substrate) spaced
apart from one another and temporarily secured thereto by an adhesion layer. A
molding compound is dispensed onto the carrier substrate and the dies secured
thereto and subsequently cured, which embeds the spaced apart dies in the molding
compound to form the reconstituted substrate. The terminal sides of the dies are then
exposed by removing the adhesion layer, and redistribution layers, having
interconnects disposed therein, are subsequently formed on the reconstituted
substrate, to redistribute a portion, or ail, of the device’s /O lerminals to areas
exterior of the surface of the die, which increases the area available for /O

connections and thus the number of possible /O terminals.

[6008] Process defects associated with forming the reconstituted subsiraie, such
as undesirable repositioning of the dies within the reconstiiuted substrate from their
original placement location on the adhesion layer, also known as die shift, cause
misalignment between the via interconneacts in the subsequently formed redistribution
fayer and the electrical contacts on the dies. Additionally, the redistribution layers are
typically formed using conventional photolithography and etch processes which are

costly, equipment intensive, and time consuming.
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{0007} Accordingly, there is a need in the art for improved methods of forming
reconstituied substrates, and redistribution layers disposed thereon, for fan-out wafer

ievel packaging schemes.

SUMMARY

{0008] Embodiments herein generally relate {0 device packaging processes, and
in particular, relate o methods of forming redistribution layers on & reconstituted
substrate in g fan-out wafer level packaging process.

{0008} in one embodiment, a method for forming a redistribution layer is provided.
The method includes depositing a polymer onto a surface of a reconstifuied
substrate, the reconstifuled substrate comprising a plurality of devices disposed in a
moiding compound, heating the polymer to between about 120 °C and about 150 °C,
imprinting a pattern into the polymer o form a plurality of openings therein, and
heating the polymer to between about 250 °C and about 400 °C after imprinting the

pattern.

{6018} In another embodiment, a packaging method is provided. The method
includes depositing a polymer onto a first surface of a carrier substrate, imprinting a
pattern intc the polymer to form a polymer layer with a plurality of openings
therethrough, and  forming a plurality of metal interconnects disposed in the polymer
fayer. Herein, forming the plurality of metal interconnects comprises depositing a
seed layer onto the carrier substrate and the polymer layer formed thereon, forming a
copper layer on the seed layer, and removing portions of the seed layer and the

copper layer from a second surface of the polymer layer.

{0011} In another embodiment, another packaging method is provided. The
packaging method comprises depositing a polyimide onto a substrate, healing the
polyimide to between about 120 °C and about 150 °C, imprinting the polyimide to
form a dielectric layer with a pluralily of openings therethrough, and heating the
dielectric layer to between about 250 °C and about 400 °C after imprinting the

polyimide.
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{0012} In another embodiment, a method of forming a redistribution layer using a
micro-imprint ithography (MIL) process is provided. in the method, a polymer layer,
such as a non-photosensitive polyimide, is dispensed onto a substrate, such as a
reconstituied substrate, a ML stamp is used to form openings in the polymer layer,
and metal interconnecis are formed in the openings using an electroplating and

planarization process.

BRIEF DESCRIPTION OF THE DRAWINGS

9013} So that the manner in which the above recited features of the present
disclosure can be understood in detail, a more particular description of the disclosure,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. i is {o be noted, however, that the
appended drawings illusiraie only typical embodiments of this disclosure and are
therefore not to be considered limiting of ils scope, for the disclosure may admit to

other equally effective embodiments.

{0014] Figures 1A-1G illustrate the formation of a redistribution layer interconnect

using a conventional photolithography process, according to the prior artl.

{0015] Figures 2A- 2F illustrate the formation of one or more redistribution layers

according 1o the method described in Figure 3.

{00186} Figure 3 is a flow diagram illustrating a method of forming a redistribution

fayer, according {o embodiments disclosed herein.

[6017] Figures 4A-4B8 illustrate the formation of a second redistribution layer,

according to the prior art.

[6018] Figures 5A-5B8 illustrate the formation of a second redistribution layer,

according to embodiments disclosed herein.
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{0018} Figures 6A-8C illustrate the formation a high aspect ratio interconnect
structure for use in a fan out wafer level packaging redistribution layer, according to

embodiments described herein.

{6020} Figure 7 is a flowchart illustrating a method of forming one or more
redistribution layers in a panel fan-out packaging process, according to an giternative

embodiment.

{0021} Figure 8 is a panel having one or more redistribution layers formed
thereon, according to the method described in Figure 7.

DETAILED DESCRIPTION

{06022} zmbaodiments of the present disclosure generally describe methods of

forming one or more device terminal redistribution layers using imprint ithography.

0023} Conventionally, redistribution fayers of a fan-out wafer level packaging
scheme are formed using time consuming and expensive photolithography and etch

processes, such as the process illustrated in Figures 14-1G.

[0024] Figures 1A-1G illustrate the formation of a redistribution layer interconnect
using a conventional photolithography process, according {o the prior art. Figures 1A-
1G show a portion of a single device 104 which is embedded in a reconstituted
substrate {not shown). As shown in Figure 1A, a dielectric layer 106, such as a
photo-sensitive polymer, is deposited onto the reconstituted substrate and the device
104 embedded therein, the device 104 includes an aclive portion 101 having a metal
fayer and a passivation layer 106 disposed thereon. Typically, an opening is formed
in the passivation layer 105 to expose a contact pad 103 of the metal layer
therebeneath. A via opening 107, shown in Figure 1B, is then formed in the diglectric
fayer 108 using conventional photolithography and etch processes where a patiern is
exposed onio the photosensitive polymer which is then efched to form the via
opening 107. Once the via opening 107 is formed, a seed layer 109, as shown in
Figure 1C, is deposited onto the reconstituted substrate, and the features formed

thereon, 1o facilitate electropiating of a subsequently deposited metal layer. To form a
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via and wire interconnect structure a photoresist layer 111 is deposited {o coat the
reconstituted substrate, and the features disposed therson, and a ifrench opening
113, as shown in Figure 1D, is formed therein by additional photolithography and
etch processes.  Copper is then formed in the french opening 113 using an
electroplating process {0 form an interconnect structure 117 before the photoresist
fayer 111 is removed exposing portions of the seed layer 109 therebeneath, as
shown in Figures 1E-1F. The exposed portions of the seed layer 109 are then
removed, as shown in Figure 1G, using an etch process. The photolithography and
etch processes used to form the via and trench openings 107 and 113 described
above involve multiple operations on multiple pieces of eguipment which makes
formation of the redistribution layer, a low throughput, high cost, and labor and
equipment intensive process. In contrast, the micro-imprint lithography methods
described herein have substantially fewer process operations thus enabling a high
throughput packaging process at a significant cost reduction.  Further, the micro-
imprinting processes described herein may be used to form higher aspect ratio
openings in thicker dielectric polymer layers when compared to a conveniional
photolithography process which is restricted by photo-development capability and

throughput considerations.

[6025] Figures 2A-2F illustrate the formation of one or more redistribution layers,
according o the method described in Figure 3. Figure 3 is a flow diagram illustrating
a method of forming a redistribution layer, according o0 embodiments disclosed
herein. The method 300 begins al aclivity 305 with depositing a polymer layer 221,
such as a dielectric polymer layer, such as a polyimide layer, onto a surface of a
reconstituied substrate (not shown). Herein, the polymer layer 221 is deposited using
a spin coating and soft bake method where a polyimide precursor is dispensed onto
a rotating reconstituted substrate until a uniform layer of the polyimide precursor is
formed thereon. The reconstituted substrate and the polyimide precursor disposed
thereon are heated to between about 120 °C and about 150 °C (soft baked) o
remove only a portion of the solvents contained in the polyimide precursor making
the polymer layer 221 suilable for subsequent imprinting. Figure 2A shows a portion
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of a device 204 embedded in a reconstituied substrate (not shown) having the
polymer layer 221 disposed thereon. The device 204 includes an active portion 201
having a metal layer and a passivation layer 205 disposed thereon and an opening
formed in the passivation layer 205 {0 expose a contact pad 203 of the metal layer

thersbeneath.

{00286} The method 300 continues al aclivity 310 with physically imprinting a
pattern intc the polymer layer 221 using a micro-imprint lithography (ML) stamp,
such as the MIL stamp 228 shown in Figure 2B. In this embodiment, activity 310
comprises a thermal imprint process where the MIL stamp 228 is heated and the
polymer layer 221 comprises a non-photosensitive polyimide. In other embodiments,
activity 310 comprises a UV MIL process where the polymer layer 221 comprises a

photosensitive polyimide.

(00271 Herein, the MIL stamp 228 includes an interconnect paitern used in
forming a fanned out redistribution layer over one or more individual die of the
reconstituted substrate in a step and repeat in another area process. in cther
embodiments, the MIL stamp 228 includes a plurality of patterns used in forming a
plurality of fanned out redistribution interconnects over a plurality of dies in a single
imprint. In some embodiments, a single MIL stamp is used to form a plurality of
openings in the polymer layer 221 over the entire reconstituted substrate in a single
imprint. Herein, the MiL stamp 228 is heated to between about 200 °C and about 300
°C and is pressed into the polymer layer 221 which is displaced around the pattern of
the MiL stamp 228. The MIL stamp 228 is subsequently cooled and removed from
the polymer layer 221 leaving a trench on via opening formed therein, such as the
opening 225 shown in Figure 2C. The MIL stamp 228 is moved over another die on
the reconstituted substrate and the process is repeated until openings 225 are
formed in the polymer layer 221 over all desired dies on the reconstiluled substrate.
in embodiments using a UV MIL process, the MIL stamp 228 comprises a UV
transparent material, such as quartz, and a polymer layer 221 comprising a
photosensitive polyimide is exposed to UV radiation through the stamp where the UV

radiation comprises about 365 nm at 200 mJd/om?®. In some embodiments, activity 310
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takes piace in a low pressure atmosphere, such as in a processing system having a
processing volume maintained at a pressure less than atmospheric pressure, such as
iess than one half of almospheric pressure, or less than about 400 Torr, for example
tess than about 300 Torr. Physically imprinting a patlern into the polymer layer 221
using a healted MIL stamp 228 in a low pressure atmosphere desirably removes,
reduces, and/or substantially eliminates voids (not shown) formed in the polymer

fayer 221 during and/or subsequent to the formation thereof.

[6028] After formation of the openings 225, the reconstituted substrate is thermally
cured in a nitrogen environment at between about 250 °C and 400 °C, such as
betwesn about 250 °C and 350 °C, or between about 325 °C and 400 °C, for
example about 300 °C for a thermal MIL process and about 375 °C for a UV MIL
process. Residual polymer on the contact pads 203 is subseguently removed using
an oxygen plasma descum or other suitable method. in some embodiments, such as
embodiments using a UV MIL process the oxygen plasma descum is before the

thermal cure.

[6029] The method 300 continues at activity 315 with depositing a seed layer 209
over the polymer layer 221 and the openings 225 disposed therein. The seed layer
209 enables subseqguent electroplating of a metal layer, herein copper, and provides
a barrier {o prevent diffusion of copper atoms, from the subsequently formed metal
fayer, into the surrounding polymer layer 221 and the contact pad 203, Herein the
seed layer 209 comprises tanialum, fantalum nilnde, tungsten, titanium, titanium
tungsten, titanium nitride, tungsten nitride, titanium copper, or combinations thereof
and is deposited using any suilable method such as chemical vapor deposition
{CVD), physical vapor deposition (PVD), atomic layer deposition (ALD), or

combinations thereof.

{0630} The method 300 continues at activity 320 with forming a metal layer, such
as the metal layer 217 shown in Figure 2E, on the seed layer 209 using an

electroplating process. Herein, the metal layer 217 comprises copper. In other
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embodiments, the metal layer 217 and subsequently formed metal interconnect

comprises copper, nickel, gold, antimony silver, or combinations thersof.

{0031} The method 300 ends at activily 325 with planarizing the surface of the
reconstituied substrate {0 remove portions of the metal layer 217 and the seed layer
208 disposed on the surface of the polymer layer 221 to form one or more
interconnect structures 227 in a first redistribution layer 214 as shown in Figure 2F.
Pilanarization of the surface of the reconstituted substrate is done using a chemical

mechanical polishing (CMP) and/or a grinding process.

{0032} In addition to fewer process operations in the formation of each
redistribution layer, which improves throughput and reduces manufaciuring costs, the
thermal MIL process described in method 300 enables the use of a non-
photosensitive polyimide for the polymer layer 221 as opposed to photosensifive
polymers, such as photosensitive polvimides used in a conventional photolithography
and eich process. In general, among polyimide precursors suitable for use as the
polymer layer 221, non-photosensitive polyimide precursors are known o have
superior mechanical, electrical, and thermomechanical properties including sironger
adhesion o the seed and metal iayers, lower curing temperatures, less shrinkage
during the curing process, and a lower dielectric constants, when compared to
photosensitive polyimide precursors. Last, non-photosensitive polyimide precursors
are significantly less expensive than photosensitive polyimide precursors and
typically have a longer shelf life than photosensitive polyimide precursors resulting in
an additional cost benefit with the thermal MIL process described herein. In addition
to the benefils described above, the self-planarizing nature of the MIL methods
described herein allow Tor formation of multiple redistribution layers without the depth
of focus issues seen with increasingly uneven surface topographies inherent in the

conventional photolithography and etch processes of the prior art.

[6033] Figures 4A-4B illustrale the formation of a second redistribution layer,
according o the prior art. Figures 5A-5B illustrate the formation of a second

redistribution layer according to embodiments described herein. As shown in Figures
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4A-48 the topography of the deposited second polymer layer 411 inherent from the
conventional photolithography and etch processes predictably resulls in a non-
uniform second polymer layer 411 after formation of the via andfor french opening
425, Variations in surface topography lead to misalignment problems in subsequent
operations due to poor depth of focus at the photo patterning operation. Sufficient
margin to compensate for these alignment problems means limiting the number of
redistribution layer levels, increasing the size of the interconnect struciures to ensure
increased iolerances, and increasing the space between those interconnect
structures o limit the number of interconnect siruciures, and the number of O
terminals, in a given area. In comparisen, the first redistribution layer 214 of Figure
SA, formed according to the method 300 described in Figure 3, has a planar surface
as a result of the self-planarizing nature of the physical ML process. The planer
surface of the first redistribution layer 214 enables the uniform deposition of the
polymer layer 511 over the surface of the reconstituted substrate. Also, variations in
the surface topography of the polymer layer 511 are planarized by the physical MiL
process, wherein an MiL stamp 527 is physically pressed into the polymer layer 511
to form the via and/or trench openings 533 therein. Herein, the MIL process used to
form the via and/or trench openings 533 comprises heating the MIL stamp 527 {o
between about 200 °C and about 300 °C and pressing the MIL stamp 527 into the
polymer layer 511, In some embodiments, the MiIL process takes place in a low
pressure atmosphere, such as in a processing system having a processing volume
maintained at a pressure less than atmospheric pressure, such as less than one half
of atmospheric pressure, or less than about 400 Torr, for example less than about
300 Torr. In other embodiments, the forming of the via and/or trench openings 533
comprises a UV MIL process, such as the UV MiL processes described herein. The
planar surface topography of the distribution layers formed using the MIL methods
described herein allow for an increased number of redistribution layers as well as
smaller and denser interconnect structures without the alignment, and resulting yield,
problems seen with a conventional photolithography and etch process. In addition,
MIL processes disclosed herein enable the formation of high aspect ratio

interconnect structures at lower cosis than conventional photolithography and etch

10
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procasses. Further, the processes and methods described herein desirably remove,
reduce, and/or substantially eliminate voids in the surrounding polymer layer formed
during the polymer deposition process or subsequent thereto. Higher aspect ratio via
and/or wire interconnects enable reduced interconnect resistivity which improves

device performance.

{0034] Figures BA-6C lllustrate the formation of a high aspect ratio interconnect
structure for use in a fan out wafer level packaging redistribution layer, according {o
embodiments described herein. In Figures 8A-6C, a MiL method in a low pressure
atmosphere environment is used o remove, reduce, and/or subsiantially eliminate
undesirable voids 809 formed during deposition of a second polymer layer 631,
Figure 8A shows a pluralily of copper pillars 807 dispesed on a device 804, herein
the device 604 is embedded in a reconstiiuted substrate (not shown). The device
604 includes an active portion 601 having a metal layer and a passivation layer 605
disposed thereon and a plurality of openings formed in the passivation layer 605
which expose a plurality of contact pads 603 of the metal layer therebeneath. A first
polymer layer 621 is disposed on the plurality of contact pads 603 where a seed layer
{not shown) is disposed between gach of the copper piilars 607 and the confact pads
603. Herein, the copper pillars 807 are formed using conventional photolithography
and etch processes and have an aspect ratio (H:W) of more than about 2:1, such as
more than about 3:1. Figure 6B shows a second polymer layer 631 dispensed onto
and between the copper pillars 807, where the second polymer layer 631 comprises
non-photosensitive polyimide precursor and is dispensed onto the subsirate, and the
features disposed therson, using a spin coat method. The substrate is healed to
between about 120 °C and about 150 °C (soft baked) to remove a portion of the
polyimide solvents contained in the polyimide precursor which forms a soff polymer
suitable for subsequent imprinting. Undesirable voids 609 formed in the second
polymer layer 631 during the deposition and the soft bake thereof are removed,
reduced, andfor substantially eliminated during a subsequent MiL process where an
MIL stamp 627, healed to above the glass transition temperature of the polyimide

precursor, such as above about 340 °C, is physically pressed into the second
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polymer layer 631 in a low pressure atmosphere environment, such as less than
atmospheric pressure, less than one half of atmospheric pressure, or less than about
400 Torr, such as less than about 300 Torr, to form high aspect ratic openings 633
therein, as shown in Figure 6C. Physically imprinting a pattern into the second
polymer layer 631 using a heated MIL stamp 627 in a low pressure atmosphere
desirably removes, reduces, and/or substantially eliminates voids, such as the voids
60% shown in Figure 6B, formed in the second polymer layer 631 during and/or
subsequent to the formation thereof. Residual polymer is removed from the exposed
upper surfaces of the plurality of copper pillars 607 using an oxygen plasma descum
process and a second layer of copper pillars (not shown) are formed in the high

aspect ratio opening 833.

[0035] Figure 7 is a flowchart illustrating a method for forming one or more
redistribution layers in a panel fan-out packaging process according {0 an glternative
embodiment. Figure 8 is a panel having one or more redistribution layers formed
thereon, according to the method described in Figure 7. The method 700 begins at
activity 705 with forming a first polymer layer 805, such as a non-photosensitive
polyimide layer, on a carrier substrate 801. Herein, the carrier substrate 801 includes
a structural base 800, such as a rectangular panel formed of a rigid material such as
silicon, glass, or a rigid polymer, and having a release layer 802, such as a thermal
release layer, such as a tape or a thin film, disposed thereon. The first polymer layer
805 herein is formed by any suitable method such as spin coating or by dispensing
droplets of the polymer onto the surface of the subsiraie. In some embodiments, the
first polymer layer 805 is formed directly on the structural base 800.

{0036} The method 700 continues at activity 710 with imprinting a pattern into the
first polymer layer 805 using an MIL process described herein o form a plurality of
openings in the first polymer layer 805, In some embodiments, the MIL stamp is
heated to above the glass transition temperature of the polymer, such as more than
about 340 °C for a polyimide. In some embadiments, imprinting a pattern into the first

polymer layer 805 takes place in a low pressure almosphere environment, such as
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iess than atmospheric pressure, less than about one half atmospheric pressure, or

less than about 400 Torr, such as less than about 300 Torr.

{0037} The method 700 continues at activity 715 with depositing a seed layer (not
shown in Figure 8) over the first polymer layer 805 to enable the subsequent
formation of a copper layer on the seed layer using an electroplating process at
activity 720.

[0038] The method 700 continues at activily 725 with planarizing the surface of
the substrate using a CMP and/or grinding process to remove the copper layer and
portions of the seed layer therefrom which forms a first redistribution layer 810
comprising the first polymer layer 805 and a plurality of metal interconnects 812
disposed therein. Herein, activity’s 705 to 728 are repeated until 8 desired number of

redistribution layers are formed.

[8038] Once a desired number of redistribution layers are formed the method
continues at activity 730 with bonding a plurality of singular devices 804 {o metal
contact pads of the metal interconnects 812 of the last formed redistribution layer
816.

{0040] The method ends at aclivity 735 with dispensing and curing a molding
compound 815 over the plurality of singular devices to form a reconstituted substrate
814 before debonding the reconstituted subslrate 814, and the redistribution layers

disposed thereon, from the carrier substrate 801,

{0041] The method 700 allows for low cost and high throughput formation of

redistribution layers in a panel fan-out packaging scheme.

{0042} While the foregoing is directed o embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.



Claims:

1. A method for forming a redistribution layer, comprising:
depositing a polymer precursor onto a surface of a substrate, the substrate
comprising:
a plurality of devices disposed in a molding compound to form a
reconstituted substrate;
a first polymer layer disposed on the reconstituted substrate, the first
polymer layer having a plurality of openings formed therethrough to expose a
corresponding plurality of contact pads of each of the devices; and
a plurality of copper pillars respectively disposed in the plurality of
openings, wherein a ratio of a height to a width of each of the copper pillars is
more than about 2:1, and wherein at least a portion of each of the copper pillars
extends above a surface of the first polymer layer;
heating the polymer precursor to form a second polymer layer;
heating an imprint stamp to above the glass transition temperature of the second
polymer layer;
imprinting a pattern into the second polymer layer using the heated imprint stamp
to form a plurality of openings therein; and
heating the second polymer layer to between about 250 °C and about 400 °C

after imprinting the pattern.

2. The method of claim 1, wherein the polymer precursor comprises a polyimide
precursor.
3. The method of claim 2, wherein imprinting the pattern into the second polymer

layer comprises heating the imprint stamp to more than about 340 °C.

4, The method of claim 3, wherein imprinting the pattern into the second polymer

layer takes place in an environment at less than about atmospheric pressure.
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5. The method of claim 1, wherein the first polymer layer comprises a polyimide.

6. A packaging method, comprising:
forming a polymer layer on a surface of a carrier substrate, the carrier substrate
comprising a structural base and a release layer disposed on the structural base,
wherein the polymer layer is temporarily secured to the structural base by the release
layer;
heating an imprint stamp to more than about 340 °C;
imprinting a pattern into the polymer layer to form a plurality of openings
therethrough using the heated imprint stamp; and
forming a plurality of metal interconnects in the polymer layer comprising:
depositing a seed layer onto the carrier substrate and the polymer layer
formed thereon;
forming a copper layer on the seed layer; and
removing portions of the seed layer and the copper layer from a surface of

the polymer layer.

7. The method of claim 6, wherein forming the polymer layer comprises depositing
a polyimide precursor comprising one or more solvents onto the release layer and
heating the polyimide precursor to between about 120 °C and about 150 °C to remove

only a portion of the one or more solvents therefrom.

8. The method of claim 7, further comprising heating the polymer layer to between

about 250 °C and about 400 °C after imprinting the pattern.

9. The method of claim 7, wherein the structural base comprises glass or a rigid

polymer.

10. The method of claim 7, wherein imprinting the pattern into the polymer layer

takes place in an environment maintained at less than atmospheric pressure.
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11. A packaging method, comprising:
dispensing a polyimide precursor onto a surface of a substrate, wherein the
substrate comprises:
a plurality of devices each including an active portion having a metal layer
and a passivation layer disposed on the metal layer;
a first polymer layer disposed on the passivation layer, the first polymer
layer and the passivation layer having a plurality of openings formed
therethrough to expose a corresponding plurality of contact pads on the metal
layer; and
a plurality of copper pillars respectively disposed in the plurality of
openings, wherein a ratio of a height to a width of each of the copper pillars is
more than about 2:1, and wherein at least a portion of each of the copper pillars
extends above a surface of the first polymer layer;
heating the polyimide precursor to between about 120 °C and about 150 °C to
form a second polymer layer;

heating an imprint stamp to above the glass transition temperature of the second
polymer layer;

imprinting a pattern into the second polymer layer using the heated imprint stamp
to form a plurality of openings therein; and

heating the second polymer layer to between about 250 °C and about 400 °C

after imprinting the pattern.

12. The packaging method of claim 11, further comprising forming a plurality of metal

interconnects in the second polymer layer.

13. The packaging method of claim 12, wherein forming the plurality of metal
interconnects in the second polymer layer comprises:

depositing a seed layer onto the patterned second polymer layer;

forming a copper layer on the seed layer; and

removing portions of the seed layer and the copper layer from a surface of

the second polymer layer.
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