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Fig. 1 Bare Die with Die Pads
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Fig. 2 Extracted Die with Bond Pads, Ball Bonds, and Bond Wires
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Fig. 3C Electroless Nickel Layer Application Section A-A

- 316 Electroless Ni Layer
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Fig. 3D Electroless Palladium Layer Section A-A

.~ 320 Electroless Pd Layer
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Fig. 3E Immersion Gold Layer Application Section A-A
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Fig. 3G Reconditioned Die after 3D Printing Process Section A-A
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Fig. TA Reconditioning Process for Extracted Die

Extract a Die from a Packaged integrated Circuit 704

Remove Original Bond Wires and Original Ball Bonds from Extracted Die 708

Condition Qriginal Die Pads of Extracted Die 712

e ]

o

Provide Electroless Nickel Layer over Conditioned Die Pads of Exiracted Die 716

Provide Electroless Palladium Layer over Electroless Nickel Layer of Extracted Die 720

Provide immersion Gold Layer over Electroless Palladiuny Layer of bxtracted Die to Create Reconditioned Die
{24

End
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Fig. 7B Reconditioning Process for Extracted Die

Extract a Die from a Packaged integrated Circuit 732

Remove Original Bond Wires and Original Ball Bonds from Extracted Die 736

Condition only Bare Die Pads of Extracted Die that previously had Original Ball Bonds 740

Provide tleciroless Palladium Layer over Eleciroless Nickel Layer of Extracted Die 748

Provide immersion Gold Layer over Electroless Palladium Layer of Extracted Die to create Reconditioned Die |

End
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Fig. 8 Apply Insulating and Conducting Material Spray with 3D Printer

l 400 Mounted Reconditicned Die

" 804 3D Printer Material
Spray Head

604 3D Printed Bond insulatoror "
504 3D Printed Bond Conductor
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Fig. 9A Assembly Process for Repackaged Reconditioned Dig

Secure Reconditioned Die to Package Base 3904

Provide New Bond Wires between Reconditioned Die Pads and Package Leads or
Dewnbonds 808

Apply Encapsulant Compound to Package Base Cavity to cover Guard Ring and secure |
New Bond Wires 912 ;
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Fig. 9B Assembly Process for Repackaged Reconditioned Die

‘ 3D Print Bond Insulators Between Die |
| Pads and Package Leads 954

v o o o g e s oo oos nos -

30 Print Bond Conductors Connecting Die Pads 1o Package Leads or Downbonds 858

Apply Encapsulant Compound o Package Base Cavity to Cover Guard Ring and

Secure 3D Printed Bond Conductlors 962

| " Vacuum ggk;&s;gmaecﬁa&agg B-é;e“i
. . 966 r

Seal Lid to Assembled Package Base 978
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l " Test Repackaged Integrated Circuit for | |
' Hermeticity 974
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Fig. 10 Vacuum Bake Process
/—9161966-

Place Assembled Package Base into a Vacuum/Pressure Furnace 1004

 Adjust Vacuum/Pressure Furnace Internal Temperature to 200 Degrees Celsius, or More
1008 '

Start Baking Timer 1012

4 hror more |
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yes

Remove Assembled Package Base from the Vacuumy/Pressure Furnace 1024

End
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REPACKAGED RECONDITIONED DIE
METHOD AND ASSEMBLY

FIELD

The present invention 1s directed to integrated circuit
packaging. In particular, the present invention 1s directed to
methods and apparatuses for creating repackaged integrated
circuits capable of operating at extended temperatures over
extended lifetimes.

BACKGROUND

Integrated circuits are available 1n many different pack-
ages, technologies, and sizes. Most integrated circuits are
available 1n plastic packages, which are generally intended
for commercial operating environments at a low cost. Com-
mercial operating environments have a specified operating,
range from 0° C. to 70° C. Integrated circuits for military
applications have historically been packaged in either metal
or ceramic hermetic packages, which are able to work
reliably 1n more demanding environments than commercial
integrated circuits. Military operating environments have a
specified operating range from -55° C. to 125° C. In order
to save costs, the military has purchased integrated circuits
through COTS (Commercial OfI-The-Shell) programs.
However, these components are generally commercial grade
components in plastic packages, and not ntended {for
demanding environments requiring the broader temperature
range reliability and durability of ceramic and metal her-
metically packaged integrated circuits.

Depending on size and complexity, integrated circuits are
available 1n a wide range of packages. Although many older
integrated circuits were packaged using through-hole tech-
nology packages, surface mount packages have dominated
over the past several decades. Surface mount packages
generally have circuit density, cost, and other advantages
over through-hole integrated circuits. Examples of through-
hole packages include DIP (dual-in-line plastic) and PGA
(pin gnd array). Examples of surface mount packages
include SOIC (small-outline mtegrated circuit) and PLCC
(plastic leaded chip carrier).

In many cases, products requiring integrated circuits are
in production or service for a longer time period than the
manufacturing lifetime of a given integrated circuit. In such
cases, 1t 1s not uncommon for parts to become obsolete or
become unable to be purchased. For example, 1n a typical
month, about 3% of all packaged integrated circuit product
types become obsolete. One mitigating approach to this
1ssue 1s to buy a suflicient lifetime inventory of spares for
integrated circuits that are likely to become obsolete at a
tuture date. However, this may be costly 1f a large quantity
of integrated circuits needs to be purchased as spares. It also
may result in far more spares being purchased that are
actually required, since projected future needs may only be
a rough estimate. When spares are needed 1n the future when
an IC 1s no longer in active production, the ICs that are
actually available may be 1n a different package than 1is
required, since popular I1Cs are typically offered in multiple
package options. For example, spares may be available in
plastic DIP packages while the using assemblies require

SOIC packages.

SUMMARY

The present invention 1s directed to solving disadvantages
of the prior art. In accordance with embodiments of the
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present 1nvention, a method 1s provided. The method
includes one or more of removing one or more existing ball
bonds from an extracted die, reconditioning die pads of the
extracted die to create a reconditioned die, securing the
reconditioned die within a cavity of a new package base,
providing a plurality of bond connections interconnecting
the reconditioned die pads and package leads or downbonds
of the new package base, applying an encapsulating com-
pound over the reconditioned die and the plurality of bond
connections to create an assembled package base, and secur-
ing a lid to the new package base. Reconditioning includes
applying a plurality of metallic layers to the die pads of the
extracted die, the extracted die including a fully functional
semiconductor die removed from a previous package. The
encapsulating compound 1s configured to exhibit low ther-
mal expansion.

In accordance with another embodiment of the present
invention, a packaged integrated circuit 1s provided. The
packaged integrated circuit includes a reconditioned die, a
new package base including package leads and a cavity, a
plurality of bond connections iterconnecting reconditioned
die pads and the package leads or downbonds of the new
package base, an encapsulating compound applied over the
reconditioned die and the plurality of bond connections to
create an assembled package base, and a lid, secured to the
assembled package base. The reconditioned die 1s secured
within the cavity, and includes an extracted die with original
ball bonds removed, and reconditioned die pads. The
extracted die includes a fully functional semiconductor die
including original ball bonds and removed from a previous
package. Reconditioned die pads include a plurality of
metallic layers applied to die pads of the extracted die. The
encapsulating compound 1s configured to exhibit low ther-
mal expansion.

An advantage of the present invention 1s that 1t provides
an improved packaged integrated circuit that works reliably
at extended temperatures, without requiring moisture getters
or 1nert gases within a new integrated circuit package. The
present invention utilizes reconditioned die pads to eliminate
bonding interconnection reliability problems that may occur
with dissimilar metals, and specifically with Gold-Alumi-
num interfaces. By eliminating processing steps with mois-
ture getters and 1nert gases, a lower cost repackaged inte-
grated circuit 1s achieved.

Another advantage of the present invention is it provides
a hermetic mtegrated circuit with improved reliability using
older extracted dice, which may no longer be available
wither as walers or as bare dice. By reclaiming extracted
dice, removing original ball bonds and bond wires, and
reconditioning die pads, a reconditioned die with improved
reliability 1s available to be repackaged into new hermetic
packages.

Another advantage of the present invention 1s it 1s able to
accommodate both conventional wire bonding processes as
well as newer 3D printed bond connection processes. Wire
bonding 1s suitable for conventional interconnections to a
conventional lead frame, where the die pinout generally
matches the package pinout (i.e. not requiring crossed bond
wires). 3D printed bond connections are suitable for both
conventional and unconventional interconnections. Uncon-
ventional interconnections include situations where the die
pinout does not match the package pinout, and crossed bond
connections are required.

Yet another advantage of the present invention 1s 1t
provides 1mproved reliability compared to conventional
integrated circuits by encapsulating bond interconnections
between the reconditioned die and package leads or down-
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bonds. Following wire bonding or 3D printing new bond
connections, an encapsulant 1s added to the new package

cavity to prevent metallic particles from flaking off and
potentially contaminating the packaged integrated circuit
and thereby reducing reliability.

Additional features and advantages of embodiments of the
present invention will become more readily apparent from
the following description, particularly when taken together

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1llustrating a bare die with original die
pads 1n accordance with embodiments of the present inven-
tion.

FIG. 2 1s a diagram 1illustrating an extracted die with die
pads, ball bonds, and bond wires 1n accordance with
embodiments of the present invention.

FIG. 3A 1s a diagram illustrating a section A-A of an
extracted die 1n accordance with embodiments of the present
invention.

FIG. 3B 1s a diagram 1llustrating a section A-A of a
modified extracted die after original ball bond and original
bond wire removal 1n accordance with embodiments of the
present mvention.

FIG. 3C 1s a diagram 1illustrating a section A-A of elec-
troless Nickel layer application in accordance with embodi-
ments of the present invention.

FIG. 3D 1s a diagram 1llustrating a section A-A of elec-
troless Palladium layer application 1n accordance with
embodiments of the present invention.

FIG. 3E 1s a diagram 1illustrating a section A-A of immer-
sion Gold layer application in accordance with embodiments
of the present invention.

FIG. 3F 1s a diagram 1illustrating a section A-A of a
reconditioned die after a new ball bonding process in
accordance with embodiments of the present invention.

FIG. 3G 1s a diagram 1illustrating a section A-A of a
reconditioned die after a 3D printing process 1n accordance
with a first embodiment of the present invention.

FIG. 3H 1s a diagram 1llustrating a section A-A of a
reconditioned die after a 3D printing process 1n accordance
with a second embodiment of the present invention.

FIG. 4A 15 a diagram illustrating a mounted reconditioned
die 1 accordance with embodiments of the present inven-
tion.

FIG. 4B 1s a diagram 1illustrating a rebonded recondi-
tioned die with new bond wires 1n accordance with a first
embodiment of the present invention.

FIG. 4C 1s a diagram 1illustrating a rebonded and encap-
sulated reconditioned die 1n accordance with the first
embodiment of the present invention.

FIG. 4D 1s a diagram 1illustrating a repackaged integrated
circuit 1n accordance with the first embodiment of the
present invention.

FIG. 5A 1s a diagram illustrating a rebonded recondi-
tioned die with 3D printed bond conductors in accordance
with a second embodiment of the present invention.

FIG. 5B 1s a diagram 1illustrating a rebonded and encap-
sulated reconditioned die in accordance with the second
embodiment of the present invention.

FIG. 5C 1s a diagram 1illustrating a repackaged integrated
circuit 1n accordance with the second embodiment of the
present mvention.

FIG. 6A 1s a diagram 1llustrating a rebonded recondi-
tioned die with 3D printed bond insulators in accordance
with a third embodiment of the present invention.
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FIG. 6B i1s a diagram 1illustrating a rebonded recondi-
tioned die with 3D printed bond conductors over 3D printed

bond 1nsulators 1n accordance with the third embodiment of
the present invention.

FIG. 6C 1s a diagram 1illustrating a rebonded and encap-
sulated reconditioned die 1n accordance with the third
embodiment of the present invention.

FIG. 6D 1s a diagram 1illustrating a repackaged integrated
circuit 1n accordance with the third embodiment of the
present 1vention.

FIG. 7A 1s a flowchart illustrating a reconditioning pro-
cess for an extracted die 1n accordance with an embodiment
ol the present invention.

FIG. 7B 1s a flowchart 1llustrating a reconditioning pro-
cess for an extracted die 1n accordance with another embodi-
ment of the present invention.

FIG. 8 1s a diagram illustrating applying insulating and
conducting material by a 3D printer 1n accordance with
embodiments of the present invention.

FIG. 9A 15 a lowchart illustrating an assembly process for
a repackaged integrated circuit 1n accordance with embodi-
ments of the present invention.

FIG. 9B 1s a flowchart illustrating an assembly process for
a repackaged integrated circuit in accordance with other
embodiments of the present invention.

FIG. 10 1s a flowchart 1llustrating a vacuum bake process
in accordance with embodiments of the present invention.

DETAILED DESCRIPTION

Many operating environments require integrated circuit
components capable of operating reliably at extended tem-
peratures. Some of these environments include engine con-
trols, down-hole drilling, and foundry manufacturing opera-
tions. Engine controls are often located in close proximity to
an internal combustion, gas turbine, or jet engine, and are
sometimes located on the engine side of a firewall. Down-
hole drilling requires a wide variety of sensors, control
components, and communication components operating 1n
close proximity to a drill. In addition to heat generated by the
drill 1tself, drilling far below the Earth’s crust can reach
operating environment temperatures of greater than 200° C.
due to geothermal heat. Foundry operations require sensors
and control components operating in close proximity to
molten metal.

Although military grade integrated circuits are often
desirable for extended high temperature environments, 1n
many cases the environments themselves experience higher
temperatures than the military grade integrated circuit tem-
perature rating. For example, down-hole drilling environ-
ments sometimes reach temperatures of 250° C., while
military-grade integrated circuits commonly have a —=35° C.
to 125° C. operating temperature range. Another problem 1s
the required integrated circuits may not be available in
packages that can rehably withstand these temperature
extremes. Required integrated circuits are sometimes out of
production, and it 1s typically prohibitively expensive to
procure new 1ntegrated circuits 1n suitable packaging.

In some environments, traditional ceramic or metal her-
metic packaging may be unsuitable for target environments.
For example, a target environment may be sufliciently
compact and space-constrained that traditional hermetic
packaged integrated circuits may not fit within a required
envelope. Or, the target environment may experience very
high or unpredictable levels of shock and vibration that may
render traditional integrated circuits using ball bonds and
wire bonds potentially unreliable. Therefore, what 1s needed
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are methods and assemblies for creating repackaged inte-
grated circuits able to work reliably within extended tem-
perature operating environments.

Referring now to FIG. 1, a diagram 1illustrating a bare die
100 with original die pads 104 1n accordance with embodi-
ments of the present invention 1s shown. Bare die 100 1s an
individual semiconductor die or substrate, and 1s usually
tabricated 1n suitable technologies including Silicon (S1) and
Gallium Arsenide (GaAs). Bare die 100 may have a single
1e or multiple interconnected dice. Regardless whether bare
1e 100 includes a single die or multiple interconnected dice,
1e circuitry 1s connected to original die pads 104 of the bare
1¢ 100. Oniginal die pads 104 are generally aluminum (Al)
or copper (Cu) alloy pads. Section A-A provides a reference
to an end-on view for other drawings to illustrate the
construction and methods of the present invention. Bare die
100 1s assumed to be a new production die, and not previ-
ously packaged.

Referring now to FIG. 2, a diagram illustrating an
extracted die 200 with die pads, ball bonds, and bond wires
in accordance with embodiments of the present invention 1s
shown. An extracted die 200 1s a fully functional semicon-
ductor die removed from a previous integrated circuit pack-
age. In most embodiments, extracted die 200 1s an individual
semiconductor die or substrate, and 1s usually fabricated 1n
suitable technologies including Silicon (S1) and Gallium
Arsenide (GaAs). Extracted die 200 may have a single die
or multiple interconnected dice. Regardless whether
extracted die 200 includes a single die or multiple intercon-
nected dice, die circuitry 1s connected to original die pads
204, 216 of the extracted die 200. Onginal die pads 204 and
unbonded die pads 216 are generally aluminum (Al) or
copper (Cu) alloy pads. Each previously used original die
pad 204 of the extracted die 200 has an original ball bond
208 present (usually gold), and possibly an associated origi-
nal bond wire 212. However, 1n many cases all original bond
wires 212 have been removed from original ball bonds 208
as part of a die extraction process. When the extracted die
200 was present in whatever previous package was used for
the extracted die 200, original bond wires 212 connected
cach of the original gold ball bonds 208 to a lead or a
downbond of the previous package. FIG. 2 illustrates an
exemplary extracted die 200, after it has been removed from
a previous package. Therefore, some original bond wires
212 have been removed and only original gold ball bonds
208 and two original bond wires 212 remain. Depending on
the specific extracted die 200, one or more unbonded die
pads 216 may be present—where no original ball bond 208
and original bond wire 212 previously existed. Unbonded
die pads 216 generally indicate a no connect to the previous
package leads, and may or may not be connected to other
circuitry of the extracted die 200. Section A-A provides a
reference to an end-on view for other drawings to illustrate
the construction and methods of the present invention.

Referring now to FIG. 3A, a diagram 1llustrating a section
A-A of an extracted die 200 1n accordance with embodi-
ments of the present invention 1s shown. FIGS. 3A-3H
illustrate a preferred reconditioning process to be applied to
at least original die pads 204, and possibly unbonded die
pads 216, for an extracted die 200 prior to assembling into
a new hermetic assembly. In some embodiments, the pro-
cessing steps shown 1 FIGS. 3C-3H may also be applied to
original die pads 104 of a bare die 100, as well.

Extracted die 200 includes a die substrate 304 including
various metallization layers known 1n the art. On the surface
of the die substrate 304 are one or more die pads 204, 216.
A passivation layer 308 1s applied over the die substrate 304
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in order to protect the circuits of the die substrate 304, and
the passivation layer 308 1s relieved at each of the original
die pads 204, 216 1n order to provide bonding access.

Where original ball bonds 208 and/or original bond wires
212 are present on original die pads, the die pads are die pads
204. Where no original ball bonds 208 and/or original bond
wires 212 are applied to original die pads, the die pads are
die pads 216. FIG. 3A 1illustrates the point at which the
extracted die 200 has been removed from 1ts’ original
package and one or more original ball bonds 208 and/or
original bond wires 212 are present.

Referring now to FIG. 3B, a diagram 1llustrating a section
A-A of a modified extracted die 312 after original ball bond
and original bond wire removal 1n accordance with embodi-
ments of the present imvention 1s shown. A modified
extracted die 312 1s an extracted die 200 with all original ball
bonds 208 and original bond wires 212 removed. Although
in some embodiments original ball bonds 208 may be
removed by mechanical means, 1n most cases 1t 1s preferable
to use chemical removal means by known processes. FIG.
3B illustrates an original ball bond 208 and original bond
wire 212 removed from the original die pad 204. Not shown
in FIG. 3B 1s that after removing the original ball bond 208
and original bond wire 212, some amount of intermetallic
residue may be present on the original die pads 204. This
generally requires removal to make sure there are no 1impu-
rities or residue on the original die pads 204. The residue
removal 1s referred herein as conditioning the die pads 204.
Removal 1s preferably performed using a mild acid wash.
The acid wash 1s followed by an acid rinse that removes
surface oxides present on the original die pads 204. For
plating on an Aluminum die pad surface, a Zincate process
1s used to etch away a very fine layer of Aluminum from the
die pads 204 and redeposit a layer of Zinc (Zn) on the die
pads 204. The fine layer of Zinc will then act as a catalyst
for the Nickel plating to follow, as described herein.

Once 1n a clean and flat state, the original die pads 204 are
considered conditioned die pads and are ready to be recon-
ditioned. Reconditioning of the present invention i1s a pro-
cess whereby the origimnal die pads 204, and possibly
unbonded die pads 216, are built up by successive and
ordered application of specific metallic layers prior to sec-
ondary wire bonding or 3D printing bond connection pro-
cesses described herein.

In one embodiment, after an extracted die 200 1s removed
from a packaged integrated circuit, only original bond wires
212 are removed—thus leaving original ball bonds 208 on
original die pads 204 of the extracted die 200. Original ball
bonds 208 must be removed prior to reconditioming original
die pads 204. Therefore, 1n some embodiments the metallic
layers of the present invention are not provided to unbonded
die pads 216, but rather original die pads 204 following
original ball bond 208 removal.

Retferring now to FIG. 3C, a diagram 1llustrating a section
A-A of electroless Nickel layer application 1in accordance
with embodiments of the present invention 1s shown. Elec-
troless plating 1s more cost effective than electroplating
since 1t does not require expensive photolithography and
ctch processes. However, electroless processes generally
require thicker metal layers for good bondability. The pres-
ent application 1ncludes both electroless plating and elec-
troplating.

A Nickel (N1) layer 316 applied over a conditioned
conventional Aluminum (Al) bond pad 204, 216 have been
found to protect pad surfaces. Nickel possesses a much
higher elastic modulus than either Copper (Cu) or Alumi-
num (Al), which leads Nickel to have high stiflness and
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fracture toughness and resist deflection and absorb energy
during bonding processes. Thus, Nickel 1s a preferred metal-
lic layer 316 for the mitial layer application following
original die pad 204, 216 conditioning.

An electroless Nickel plating bath 1s very complex and
contains more chemicals (1.e. reducing agents, complexant
or chelating agents, stabilizers, etc) than the Nickel source
alone. These bath components perform specific functions
during the chemical reaction. They are important 1n order to
obtain a good quality Nickel deposit and must be monitored
carefully during processing.

The plating rate of Nickel 1s a controllable parameter
during the plating process, which in turn aflfects the final
surface roughness. A fast plating rate will obviously increase
the process throughput, but fast plating rates can also result
in a rougher Nickel finish. Therefore, a careful balance must
be maintained between processing speed and surface quality.
I1 the Nickel surface 1s too rough, the next successive metal
layers to be plated over the Nickel (1.e. Palladium and Gold)
will follow the contours and also result 1n a rougher surface.
Both surface hardness and roughness have a strong effect on
wire bondability and bond strength. Harder and rougher
surfaces are typically less bondable. For wire bonding
applications, the electroless Nickel layer 316 1s generally
120-240 microinches thick. However, since the processes of
the present application alternatively apply 3D printed bond
connections 356 to the reconditioned die pads 332, a rougher
Nickel layer 316 may be preferable for those embodiments
to aid 1n adhesion since conventional wire bonds are not
utilized. Thus, a faster Nickel plating 316 process may not
only be preferable for application of subsequent layers
including 3D printed bond connections 356, it also 1increases
production throughput for reconditioned die pads 332.

Referring now to FIG. 3D, a diagram 1illustrating a section
A-A of electroless Palladium layer 320 application in accor-
dance with embodiments of the present invention i1s shown.
Electroless Palladium (Pd) 320 1s applied over the electro-
less Nickel (N1) 316 layer of FIG. 3C 1n order to inhibit
Nickel diffusion into the immersion gold layer 328 applied
afterward.

Palladium plating 320 was {irst investigated as a replace-
ment for purely gold plating 1n order to alleviate the high
cost of gold plating. Palladium and Palladium-Nickel alloys
were mitially developed for contact wear resistance in
clectrical connector applications, but other technical advan-
tages were i1dentified as usage grew. Not only 1s a pure
Palladium layer 320 very hard, but 1t 1s also very dense,
which assists as a diffusion barrier. As with the electroless
Nickel layer 316, the electroless Palladium layer 320
requires a catalyst pretreatment to prepare the surface for
deposition. The metal source 1s typically a Palladium-Am-
monia compound with a hydrazine reducing agent for metal
deposition. For wire bonding applications, the electroless
Palladium layer 320 i1s generally 2-4 microinches thick,
approximately 2 orders of magnitude thinner than the elec-
troless Nickel layer 316. Similar thicknesses may be used for
3D printed bond connections 356.

Referring now to FIG. 3E, a diagram 1illustrating a section
A-A of immersion Gold layer 328 application in accordance
with embodiments of the present mnvention 1s shown. The
immersion Gold layer 328 1s applied over the electroless
Palladium layer 320, and provides the top layer of the
reconditioned die pads 332. Gold has long been a mature
plating process for semiconductor applications. Two types of
Gold plating processes through chemical reactions are used
today: immersion and autocatalytic. Immersion Gold plating,
328 15 a self-limiting galvanic displacement process, where
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no reducing agent 1s required. For wire bonding applica-
tions, the electroless Gold layer 328 1s generally at least 1-2
microinches thick, and preferably thicker. Similar thick-
nesses of 1-2 microinches thick may be used for 3D printed
bond connections 356. Following the process step of FIG.
3E, the die 1s a reconditioned die 324. A bare die 100 may
also be processed as shown i1n FIGS. 3C-3F, but does not
require the processing steps shown i FIGS. 3A and 3B due
to the absence of ball bonds 208, oxides, and other residues
or metallic impurities present on original die pads 104.

Because the plating process described herein uses gold as
the bonding layer with gold bond wire 344 or 3D printed
bond connections 356, there 1s no Aluminum (Al)-Gold (Au)
interface that can degrade and corrode. Thus, the plating
process produces more reliable bonding interfaces and 1s
preferred for high temperature and hermetic applications
over previous processes that maintained Al—Au interfaces
and utilize moisture getter, noble gas 1nsertion, and vacuum
bakes to purge moisture from integrated circuit packages.

Referring now to FIG. 3F, a diagram illustrating a section
A-A of a reconditioned die after a new ball bonding process
336 1n accordance with embodiments of the present inven-
tion 1s shown. The combination of the electroless Nickel
layer 316, clectroless Palladium layer 320, and the immer-
sion Gold layer 328 produces reconditioned die pads 332.
Once die pads 204, 216 have been reconditioned, the recon-
ditioned die 324 1s secured within a new package. A suitable
die attach adhesive 412 or similar compound secures the
reconditioned die 324 within a cavity 408 of a new package
base 404. Once secured, new ball bonds 340 and new bond
wires 344 are provided between the reconditioned die pads
332 and either package leads 416 or downbonds, as required.
New ball bonds 340 and new bond wires 344 may be
provided to both original die pads 204 (1.¢. where an original
ball bond 208 previously existed) or to previously unbonded
die pads 216, depending on the desired functionality. The
processing shown in FIG. 3F 1s before encapsulant 428 1s
introduced, or performing lid seal operations.

Referring now to FIG. 3G, a diagram 1llustrating a section
A-A of a reconditioned die after a 3D printing process 348
in accordance with a first embodiment of the present inven-
tion 1s shown. In some embodiments, rather than applying
conventional ball bonds 340 and bond wires 344 as shown
in FIG. 3F, it may be preferable to 3D print a bond
connection 356 instead. In the illustrated embodiment, the
3D printed bond connection 356 1s a 3D printed conducting
layer 352. Once die pads 204, 216 have been reconditioned,
a 3D prnter applies 3D printed bond connections 356 as
described herein. 3D Printed conducting layer 352 thickness
can be less than 2 microns and 1s preferably 0.5-1 microns
The embodiment shown 1 FIG. 3G 1s suitable where there
are only non-conductive surfaces between reconditioned die
pads 332 and package leads 416 or downbonds. For
example, i a new package base 404, die attach adhesive
412, and non-die pad 332 surfaces of the reconditioned die
324 are non-conductive, then 3D printed conducting layers
352 are appropnate by themselves. The processing shown 1n
FIG. 3G 1s before encapsulant 428 1s applied, or a Iid 1s
sealed to a package base.

Referring now to FI1G. 3H, a diagram 1llustrating a section
A-A of a reconditioned die after a 3D printing process 360
in accordance with a second embodiment of the present
invention 1s shown. In other embodiments, rather than
applying conventional ball bonds 340 and bond wires 344 as
shown in FIG. 3F or only 3D printed conducting layer 352
as shown 1n FIG. 3G, it may be preferable to include a 3D
printed insulating layer 364. In the 1llustrated embodiment,
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the 3D printed bond connection 356 includes both a 3D
printed conducting layer 352 and a 3D prnnted insulating
layer 364. 3D Printed conducting layer 352 and 3D printed
insulating layer 364 thickness each can be less than 2
microns and 1s preferably 0.5-1 microns. Therefore, the
preferred thickness of 3D printed bond connections 356 1s
less than 4 microns total.

Once die pads 204, 216 have been reconditioned, a 3D
printer applies 3D printed bond connections 3356 as
described herein. The embodiment shown in FIG. 3H 1s
suitable where there are conductive surfaces between recon-
ditioned die pads 332 and package leads 416 or downbonds.
For example, 1f a new package base 404 1s conductive, then
3D printed 1nsulating layer 364 1s first applied over conduc-
tive surfaces of the new package base 404 between the
reconditioned die pads 332 and package leads 416. Once the
3D printed insulating layer 364 has been applied, a 3
printer applies a 3D printed conducting layer 352 over the
3D printed 1nsulating layer 364. The 3D printed conducting
layer 352 makes electrical contact between a reconditioned
die pad 332 and a package lead 416 or downbond, while the
3D printed 1nsulating layer 364 clectrically 1solates the 3D
printed conducting layer 352 from conductive surfaces of
the new package base 404. The processing shown 1n FI1G. 3H
1s before encapsulant 428 1s itroduced, or performing lid
seal operations.

Referring now to FIG. 4A, a diagram 1illustrating a
mounted reconditioned die 400 1n accordance with embodi-
ments of the present invention 1s shown. FIG. 4A illustrates
the step immediately following fabrication of the recondi-
tioned die 324 shown 1n FIG. 3E. The reconditioned die 324
1s secured within a cavity 408 of a package base 404 with a
die attach adhesive 412. The package base 404 includes any
number ol package leads 416, which provide electrical
contact with other substrates or printed circuit boards. In the
preferred embodiment, the package base 404 may be a
hermetic package base 404, such as a metal or ceramic
package base 404. In other embodiment, the package base
404 may be non-hermetic package base 404. In some
embodiments, the die attach adhesive 412 may be a low-
halide content die attach adhesive, while 1n other embodi-
ments the die attach adhesive 412 may be a conventional die
attach adhesive 412. Once 1n the configuration shown 1n
FIG. 4A, the mounted reconditioned die 400 1s ready to be
bonded.

Referring now to FIG. 4B, a diagram illustrating a
rebonded reconditioned die with new bond wires 420 in
accordance with a first embodiment of the present invention
1s shown. The embodiment 1llustrated in FIG. 4B shows new
bond wires 344 and new ball bonds 340 applied to the
reconditioned die 324 and package leads 416. Although not
specifically illustrated, 1t should be understood that recon-
ditioned die 324 includes reconditioned die pads 332, to
which new bond wires 344 and new ball bonds 340 are
attached. The new bond wires 344 may be applied by any
known means, including but not limited to thermosonic
bonding or wedge bonding. FIG. 4B provides an alternative
view to FIG. 3F.

Referring now to FIG. 4C, a diagram illustrating a
rebonded and encapsulated reconditioned die 424 1n accor-
dance with the first embodiment of the present mvention 1s
shown. After all required new bond wires 344 and new ball
bonds 340 have been provided between reconditioned die
pads 332 and package leads 416 or downbonds, an encap-
sulant compound 428 1s applied within the cavity 408. The
encapsulant compound 428 at least partially fills the cavity
408, and 1n some embodiment fully fills the cavity 408. In
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the preferred embodiment, the encapsulant 428 completely
covers all new bond wires 344. In other embodiments, the
encapsulant 428 covers at least conductive areas on the top
side of the reconditioned die 324, including any guard rings
that may be present. In high shock and vibration environ-
ments, there may be a possibility of metallic residue flaking
ofl and potentially contaminating the repackaged integrated
circuit 432. The encapsulant 428 prevents any such flaking
material from contaminating the interior of the repackaged
integrated circuit 432. The rebonded and encapsulated
reconditioned die 424 1s considered to be an assembled
package base 424.

Referring now to FI1G. 4D, a diagram 1llustrating a repack-
aged integrated circuit 432 1n accordance with the first
embodiment of the present invention 1s shown. Following
application of the encapsulant 428 to the cavity 408, the
assembly at that point 1s an assembled package base 424. In
some embodiments, the assembled package base 424 1s
vacuum baked according to the process shown 1in FIG. 10. In
other embodiments, the assembled package base 424 1is
baked according to the process shown i FIG. 10, but no
vacuum 1s applied during the baking process. In yet other
embodiments, the assembled package base 424 1s not baked
or vacuum baked.

Following any bake or vacuum bake process, a package
lid 440 1s sealed to the package base 404 using a lid seal
adhesive 436. In the preferred embodiment, the package
base 404 1s a hermetic package base 404, the package lid 440
1s a hermetic package lid 440, the 1id seal 436 1s a hermetic
solder or other form of hermetic attachment able to prevent
contamination of the cavity 408 by outside agents including
moisture, and the die attach adhesive 412 may be a low-
halide die attach adhesive 412. A low halide die attach
adhesive 412 has less than 10 parts per million (ppm) halide.
It has been well established that halogens 1n a bond 1nterface
may degrade bond strength since out-gassed products from
adhesives containing halogens rapidly corrode Aluminum
metallization in integrated circuits at high temperatures, thus
reducing product lifetime. Hermetic packages are generally
manufactured from metal, glass, or ceramic materials. In
other embodiments, any of the package base 404, the
package lid 440, or the lid seal adhesive 436 may be
non-hermetic. Following lid seal operations, the integrated
circuit 1s a repackaged integrated circuit 432 and ready for
any hermeticity, electrical, or functional tests required.

Referring now to FIG. SA, a diagram illustrating a
rebonded reconditioned die with 3D printed bond conduc-
tors 500 1n accordance with a second embodiment of the
present mvention n 1s shown. This process substitutes 3D
printed bond conductors 304 for new bond wires 344 and
new ball bonds 340 of FIGS. 4B-4D.

The process of FIGS. 5A-5C assumes the processing step
illustrated 1 FIG. 4A has been performed. That 1s, the
reconditioned die 324 1s secured within a cavity 408 of a
package base 404 with a die attach adhesive 412. The
process ol 5A-5C 1s preferably used when low-profile and
reliable 3D printed bond connections 356 are desired, and
there are not conductive surfaces under the 3D printed bond
connections 356 (such as a metal cavity 408 within a metal
package base 404, for example). The process of FIGS.
5A-5C applies 3D printed bond conductors 504, built from
3D printed conducting layers 352 of FIG. 3G, directly to
surfaces of the reconditioned die 324, die attach adhesive
412, and package base 404. 3D printed bond conductors 504
can be less than 2 microns and are preferably 0.5-1 microns,
and provide electrical connections between reconditioned
die pads 332 and package leads 416 or downbonds. In the
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preferred embodiment, 3D printed bond conductors 504
completely cover one or more reconditioned die pads 332 on
the reconditioned die 324. Details of the 3D printing process
applied to 3D printed bond conductors 504 1s shown and
described 1n more detail with reference to FIG. 8. Although
not specifically illustrated, 1t should be understood that
reconditioned die 324 includes reconditioned die pads 332,
to which 3D printed bond conductors 504 are attached.

Referring now to FIG. 3B, a diagram illustrating a
rebonded and encapsulated reconditioned die 508 1n accor-
dance with the second embodiment of the present invention
1s shown. After all required 3D printed bond conductors 504
have been provided between reconditioned die pads 332 and
package leads 416 or downbonds, an encapsulant compound
428 1s applied within the cavity 408. The encapsulant
compound 428 at least partially fills the cavity 408, and 1n
some embodiment fully fills the cavity 408. In the preferred
embodiment, the encapsulant 428 completely covers all 3D
printed bond conductors 504. In other embodiments, the
encapsulant 428 covers at least conductive areas on the top
side of the reconditioned die 324, including any guard rings
that may be present. In high shock and vibration environ-
ments, there may be a possibility of metallic residue flaking
ofl and potentially contaminating the repackaged integrated
circuit 512. The encapsulant 428 prevents any such flaking
material from contaminating the interior of the repackaged
integrated circuit 512.

Referring now to FIG. 3C, a diagram illustrating a repack-
aged integrated circuit 312 1n accordance with the second
embodiment of the present invention 1s shown. Following
application of the encapsulant 428 to the cavity 408, the
assembly at that point 1s considered an assembled package
base 508. In some embodiments, the assembled package
base 508 1s vacuum baked according to the process shown
in FIG. 10. In other embodiments, the assembled package
base 508 1s baked according to the process shown 1n FI1G. 10,
but no vacuum 1s applied during the baking process. In yet

other embodiments, the assembled package base 508 1s not
baked or vacuum baked.

Following any bake or vacuum bake process, a package
lid 440 1s sealed to the package base 404 using a lid seal
adhesive 436. In the preferred embodiment, the package
base 404 1s a hermetic package base 404, the package 1id 440
1s a hermetic package lid 440, the lid seal 436 1s a hermetic
solder, sealing glass, or other form of hermetic attachment
able to prevent contamination of the cavity 408 by outside
agents mcluding moisture, and the die attach adhesive 412
may be a low-halide die attach adhesive 412. A low halide
die attach adhesive 412 has less than 10 parts per million
(ppm) halide. It has been well established that halogens 1n a
bond interface may degrade bond strength since out-gassed
products from adhesives containing halogens rapidly cor-
rode Aluminum metallization 1n integrated circuits at high
temperatures, thus reducing product lifetime. Hermetic
packages are generally manufactured from metal, glass, or
ceramic matenals. In other embodiments, any of the package
base 404, the package lid 440, or the lid seal adhesive 436
may be non-hermetic. Following lid seal operations, the
integrated circuit 1s a repackaged integrated circuit 512 and
ready for any hermeticity, electrical, or functional tests
required.

Referring now to FIG. 6A, a diagram illustrating a
rebonded reconditioned die with 3D printed bond insulators
600 1n accordance with a third embodiment of the present
invention 1s shown. This process substitutes 3D printed bond
insulators 604 and 3D printed bond conductors 504 for new
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bond wires 344 and new ball bonds 340 of FIGS. 4B-4D,
and adds 3D printed bond insulators 604 to the process
shown 1n FIGS. 5A-5C.

The process of FIGS. 6 A-6D assumes the processing step
illustrated 1 FIG. 4A has been performed. That 1s, the
reconditioned die 324 1s secured within a cavity 408 of a
package base 404 with a die attach adhesive 412. The
process of 6A-6D 1s preferably used when low-profile and
reliable 3D printed bond connections 3356 are desired, and
there are at least some conductive surfaces under the 3D
printed bond connections 356 (such as a metal cavity 408
within a metal package base 404, for example). The process
of FIGS. 6 A-6D applies 3D printed bond 1nsulators 604 and
3D printed bond conductors 504, built from 3D printed
insulating layers 364 and 3D printed conducting layers 352,
respectively, of FIG. 3H, directly to surfaces of the recon-
ditioned die 324, die attach adhesive 412, and package base
404. 3D printed bond conductors 504 provide electrical
connections between reconditioned die pads 332 and pack-
age leads 416 or downbonds. Details of the 3D printing
process to apply 3D printed bond insulators 604 and 3D
printed bond conductors 504 are shown and described in
more detail with reference to FIG. 8. Although not specifi-
cally illustrated, i1t should be understood that reconditioned
die 324 includes reconditioned die pads 332, to which 3D
printed bond conductors 504 are attached.

Referring now to FIG. 6B, a diagram illustrating a
rebonded reconditioned die with 3D printed bond conduc-
tors over 3D printed bond insulators 608 in accordance with
the third embodiment of the present invention n 1s shown.
After all imtial 3D printed bond insulators 604 are 3D
printed to surfaces of the reconditioned die 324, package
base 404, and die attach adhesive 412, 3D printed bond
conductors 504 are printed over the 3D printed bond 1nsu-
lators 604 and between the reconditioned die pads 332 and
the package leads 416 or downbonds. 3D Printed bond
insulators 604 and 3D printed bond conductors 504 thick-
ness each can be less than 2 microns and 1s preferably 0.5-1
microns. In the preferred embodiment, 3D printed bond
conductors 504 completely cover one or more reconditioned
die pads 332 on the reconditioned die 324.

One of the advantages of 3D printing bond insulators 604
and bond conductors 504 1s that reliable connections may be
obtained by “crossing” 3D printed bond conductors 504. As
1s well known 1n the art, crossing new bond wires 344 1s at
least discouraged, 11 not forbidden, 1n many types of inte-
grated circuit packages including military integrated cir-
cuits. The reason 1s that high shock and vibration environ-
ments may cause bond wires 344 to move slightly, which
may result i short circuits and various forms of malfunc-
tion. Because 3D printed bond insulators 604 and conduc-
tors 504 are attached directly to underlying surfaces and
therefore have no “free mass”, they are not at risk of
movement during high shock or vibration events. This then
allows 3D printed bond connections to be crossed.

For example, for a non-conductive package base 404 and
where underlying electrical conduction 1s not an issue, first
3D printed bond conductors 304 may be 3D printed as
shown 1n FIG. 5A. After that, 3D printed bond msulators 604
may be 3D printed over (“crossing”) the first 3D printed
bond conductors 504. Following that, second 3D printed
bond conductors 504 may be printed directly over the 3D
printed bond insulators 604. In fact, several layers of such
“crossings” may be performed by repeating this process for
third, fourth, etc 3D printed bond conductors. As another
example, for a conductive package base 404 where under-
lying electrical conduction 1s an 1ssue, first 3D printed bond
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insulators 604 may be 3D printed as shown in FIG. 6A.
Then, first 3D printed bond conductors 504 may be 3D
printed over the first 3D printed bond insulators 604 as
shown 1n FIG. 6B. After that, second 3D printed bond
insulators 604 may be 3D printed over (“crossing’”) the first
3D printed bond conductors 504. Following that, second 3D
printed bond conductors 504 may be 3D printed directly
over the second 3D printed bond insulators 604. In fact,
several layers of such “crossings” may be performed by
repeating this process for third, fourth, etc 3D printed bond
insulators 604 and 3D printed bond conductors 504.

Referring now to FIG. 6C, a diagram illustrating a
rebonded and encapsulated reconditioned die 612 in accor-
dance with the third embodiment of the present invention 1s
shown. After all required 3D printed bond insulators 604 and
3D printed bond conductors 504 have been provided
between reconditioned die pads 332 and package leads 416
or downbonds, an encapsulant compound 428 1s applied
within the cavity 408. The encapsulant compound 428 at
least partially fills the cavity 408, and in some embodiment
tully fills the cavity 408. In the preferred embodiment, the
encapsulant 428 completely covers all 3D printed bond
insulators 604 and 3D printed bond conductors 504. In other
embodiments, the encapsulant 428 covers at least conduc-
tive areas on the top side of the reconditioned die 324,
including any guard rings that may be present. In high shock
and vibration environments, there may be a possibility of
metallic residue flaking off and potentially contaminating
the repackaged integrated circuit 616. The encapsulant 428
prevents any such flaking material from contaminating the
interior of the repackaged integrated circuit 616.

Referring now to FI1G. 6D, a diagram 1llustrating a repack-
aged integrated circuit 616 in accordance with the third
embodiment of the present invention 1s shown. Following
application of the encapsulant 428 to the cavity 408, the
assembly at that point 1s considered an assembled package
base 612. In some embodiments, the assembled package
base 612 1s vacuum baked according to the process shown
in FIG. 10. In other embodiments, the assembled package
base 612 1s baked according to the process shown i FIG. 10,
but no vacuum 1s applied during the baking process. In yet
other embodiments, the assembled package base 612 1s not
baked or vacuum baked.

Following any bake or vacuum bake process, a package
lid 440 1s sealed to the package base 404 using a lid seal
adhesive 436. In the preferred embodiment, the package
base 404 15 a hermetic package base 404, the package 11d 440
1s a hermetic package lid 440, the 1id seal 436 1s a hermetic
solder, sealing glass, or other form of hermetic attachment
able to prevent contamination of the cavity 408 by outside
agents mcluding moisture, and the die attach adhesive 412
may be a low-halide die attach adhesive 412. A low halide
die attach adhesive 412 has less than 10 parts per million
(ppm) halide. It has been well established that halogens 1n a
bond mterface may degrade bond strength since out-gassed
products {from adhesives containing halogens rapidly cor-
rode Aluminum metallization 1n ntegrated circuits at high
temperatures, thus reducing product lifetime. Hermetic
packages are generally manufactured from metal, glass, or
ceramic materials. In other embodiments, any of the package
base 404, the package lid 440, or the lid seal adhesive 436
may be non-hermetic. Following lid seal operations, the
integrated circuit 1s a repackaged integrated circuit 616 and
ready for any hermeticity, electrical, or functional tests
required.

Referring now to FIG. 7A, a flowchart illustrating a
reconditioning process for an extracted die 200 1n accor-
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dance with an embodiment of the present invention 1is
shown. Although the process 1s shown specifically for an
extracted die 200, 1t should be understood that the recondi-
tioning process may also be applied to original die pads 104
of a bare die 100. Flow begins at block 704.

At block 704, a die 1s extracted (extracted die 200) from
a packaged integrated circuit. The extracted die 200 1s a
fully-functional die and 1s shown and described 1n more
detail with reference to FIG. 2.

At block 708, original ball bonds 208 and original bond
wires 212 attached to the original ball bonds 208 are
removed from the extracted die 200 by known processes.
Following removal of the original ball bonds 208 and
associated original bond wires 212, some metallic or chemi-

cal residues 1s generally on the surface of each original die
pad 204. Flow proceeds to block 712.

At block 712, original die pads 204, 216 are conditioned.
Any metallic and/or chemical residues are removed from
cach of the original die pads 204, 216 1n order to prepare the
original die pads 204, 216 for addition of metallic layers to
create a reconditioned die 324. Removal of the residues 1s
commonly performed using various acid washes and rinses
known 1n the art, and as previously described. Following
removal of the residues and drying the original die pads 204,
216, tlow proceeds to block 716.

At block 716, an electroless Nickel (Ni) layer 316 1s
applied to each of the conditioned original die pads 204, 216.
Application details of the electroless Nickel layer 316 were
described in some detail with respect to FIG. 3C. Flow
proceeds to block 720.

At block 720, an electroless Palladium (Pd) layer 320 1s
applied to each of the die pads 204, 216, over the electroless
Nickel layer 316. Application details of the electroless
Palladium layer 320 were described i some detaill with
respect to FIG. 3D. Flow proceeds to block 724.

At block 724, an immersion Gold (Au) layer 328 1is
applied to each of the die pads 204, 216, over the electroless
Palladium layer 320. Application details of the immersion
Gold layer 328 were described 1n some detail with respect to
FIG. 3E. Flow ends at block 724. With the completion of
adding the immersion Gold layer 328, the die 1s now a
reconditioned die 324 ready for assembly into a package
base 404.

Retferring now to FIG. 7B, flowchart 1llustrating a recon-
ditioning process for an extracted die 200 1n accordance with
another embodiment of the present invention 1s shown. This
process converts an extracted die 200 (with original bond
wires 212 and original ball bonds 208 removed) into a
reconditioned die 324 of the present invention. Although the
process 1s shown specifically for an extracted die 200, 1t
should be understood that the reconditioning process may
also be applied to original die pads 104 of a bare die 100.
Flow begins at block 732.

At block 732 a die 15 extracted (extracted die 200) from
a previous packaged integrated circuit. The previous pack-
age may be a hermetic or a non-hermetic package, and 1n
either case 1s discarded and not reused. The extracted die 200
1s a fully functional semiconductor die and was previously
shown and described with reference to FIG. 2. Flow pro-
ceeds to block 736.

At block 736, original bond wires 212 and orniginal ball
bonds 208 are removed from the extracted die 200 by known
processes. Flow proceeds to block 740.

At block 740, only original die pads 204 that had original
ball bonds 208 present are conditioned, and unbonded die
pads 216 are not. Any metallic and/or chemical residues are
removed from each of the original die pads 204 1n order to
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prepare the original die pads 204 for addition of metallic
layers to create a reconditioned die 324. Removal of the
residues 1s commonly performed using various acid washes
and rinses known 1n the art. Following removal of the
residues and drying the original die pads 204, flow proceeds
to block 744.

At block 744, an electroless Nickel (N1) layer 316 1s
applied to each of the original die pads 204. Application
details of the electroless Nickel layer 316 were described 1n
some detail with respect to FIG. 3C. Flow proceeds to block
748.

At block 748, an electroless Palladium (Pd) layer 320 1s

applied to each of the die pads 204, over the electroless
Nickel layer 316. Application details of the electroless
Palladium layer 320 were described in some detail with
respect to FIG. 3D. Flow proceeds to block 752.

At block 752, an immersion Gold (Au) layer 328 1s
applied to each of the oniginal die pads 204, over the
clectroless Palladium layer 320. Application details of the
immersion Gold layer 328 were described in some detail
with respect to FIG. 3E. Flow ends at block 752. With the

completion of adding the immersion Gold layer 328, the die
1s now a reconditioned die 324 ready for assembly into a
package base 404.

Referring now to FIG. 8, a diagram illustrating applying
insulating and conducting material by a 3D printer 1n
accordance with embodiments of the present invention 1s
shown. 3D printers are able to precisely deposit insulating or
conducting material on complex shapes, and are able to
build up or layer the insulating or conducting material to
precise thicknesses. 3D printing 1s also considered an addi-
tive manufacturing process, and 3D printed bond insulators
604 and 3D printed bond conductors 504 conform to the
shape and texture of underlying material they are applied to.

The 3D printer includes a 3D printer material spray head

804, which applies 3D printed bond 1nsulator 604 or con-
ductor 504 material to selected areas of the reconditioned die
324. 3D printers typically deposit material 1n layers, and
build up a desired thickness of material by depositing
multiple layers. The 3D printer 1s computer controlled

equipment, and sprays material according to a file or files
prepared beforechand designating specific locations that
material will be applied to.

In one embodiment, the 3D printer uses an extrusion
process to apply the bond insulating 604 or conducting 504
material. The extrusion process, sometimes referred to as
Fused Deposition Modeling (FDM) uses a heated nozzle to
extrude molten matenal.

In another embodiment, the 3D printer uses a Colorjet
Printing (CIP) process to apply the bond insulating 604 or
conducting 504 material. The CIP process utilizes an inkjet-
based technology to spread fine layers of a dry substrate
material. The dry substrate 1s most often 1n a powder form.
The 1nkjet applies a binder to the substrate after applying the
dry substrate material 1n order to solidily and cure the dry
substrate.

In the preferred embodiment, the 3D printer uses a
selective laser sintering process. The 3D printed insulating
604 or conducting 504 material 1s applied 1n powder form to
desired areas.

The 3D printed bond insulator 604 material 1s a material
able to be applied 1n powder form or extruded, and 1is
generally a polymer or plastic. However, any material hav-
ing suitable insulation properties, able to adhere to the
reconditioned die 324, package base 404, and die attach
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adhesive 412, and able to be applied with a 3D printer
maternal spray head 804 1s suitable as 3D bond insulator 604
material.

The 3D printed bond conductor 504 matenial 1s also a
material able to be applied 1n powder form or extruded, and
includes at least conductive metal and possibly polymer or
plastic content in order to provide elastomeric or resilient
properties. In the preferred embodiment, the metal content
includes silver. In other embodiments, the material may
include alone or 1n combination gold, aluminum, or copper.

A sintering process 1s a second step of the 3D printing
process used in the preferred embodiment of the invention,
but 1s not specifically 1llustrated. A laser aims a laser beam
at the applied bond 1nsulating or conducting 504 material to
convert the applied material into 3D printed bond 1nsulators
604 or 3D printed bond conductors 504, respectively. The
laser beam converts the powder form applied material into
a molten compound with liquid properties that forms a
smooth solid compound when 1t cools. The smooth solid
compound 1s either 3D printed bond insulators 604 or 3D
printed bond conductors 504.

Referring now to FIG. 9A, a flowchart illustrating an
assembly process for a repackaged integrated circuit 432 1n
accordance with embodiments of the present invention 1s
shown. Flow begins at block 904.

At block 904, a reconditioned die 324 1s secured to a
package base 404. In the preferred embodiment, the package
base 404 1s a hermetic package base. In some embodiments,
the reconditioned die 324 1s secured to a package base 404
with a die attach adhesive 412. In other embodiments, the
reconditioned die 324 1s secured to a package base 404 with

a low-halide content die attach adhesive 412. Flow proceeds
to block 908.

At block 908, new bond wires 344 with new ball bonds
340 are provided between reconditioned die pads 332 of the
reconditioned die 324 and package leads 416 or downbonds.
The new bond wires 344 with new ball bonds 340 may be
provided by any suitable wire bonding processes, including
but not limited to thermosonic bonding or wedge bonding.
Flow proceeds to block 912.

At block 912, an encapsulant compound 428 1s applied
within a cavity 408 of the package base 404. The encapsu-
lant compound 428 at least partially fills the cavity 408, and
in some embodiment fully fills the cavity 408. In one
embodiment, the encapsulant 428 1s an epoxy suitable for
hermetic or non-hermetic applications (depending on
whether the repackaged integrated circuit 432, 512, 616 1s
hermetic or non-hermetic). In another embodiment, the
encapsulant 428 1s a resilient silicone compound suitable for
hermetic or non-hermetic applications (depending on
whether the repackaged integrated circuit 432, 512, 616 1s
hermetic or non-hermetic). In one embodiment, the encap-
sulant 428 covers at least the new ball bonds 340 and any
guard rings on the reconditioned die 324. In another embodi-
ment, the encapsulant 428 covers all new bond wires 344 1n
addition to all new ball bonds 340 and any guard rings on the
reconditioned die 324. Flow proceeds to optional block 916
and block 920.

At optional block 916, the assembled package base 424
may be vacuum baked 1n order to cure the encapsulant 428
and eliminate residual air pockets and moisture within the
cavity 408. Any suitable vacuum bake process known 1n the
art may be used to cure the encapsulant 428, and manufac-
turer instructions for curing the encapsulant 428 should in all
cases be followed. One alternative vacuum bake process 1s
illustrated and described with respect to FIG. 10. Flow
proceeds to block 920.
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At block 920, a package 11d 440 1s sealed to the assembled
package base 424. Sealing the package lid 440 to the
package base 404 produces a repackaged integrated circuit
432. In most embodiments, a lid deal adhesive 436 known
in the art 1s used. For hermetic applications requiring a
hermetic package lid 440 and a hermetic package base 404,
the 11d deal adhesive 1s suitable for the packaging materials
used—iTor example a suitable solder compound for metallic
packages or a hermetic lid sealing glass for glass or ceramic
packages. Flow proceeds to optional block 924 and block
028.

At optional block 924, the repackaged integrated circuit
432 1s tested for hermeticity per MIL-SPEC-883H. Herme-
ticity tests the integrity of the package to outside contami-
nation due to either air or moisture leaks. Flow proceeds to
block 928.

At block 928, the repackaged integrated circuit 432 1s
clectrically tested. Electrical testing includes either continu-
ity tests or functional tests, or both. Flow ends at block 928.

Referring now to FIG. 9B, a flowchart illustrating an
assembly process for a repackaged integrated circuit 512,
616 1n accordance with other embodiments of the present
invention 1s shown. Flow begins at block 950.

At block 950, a reconditioned die 324 1s secured to a
package base 404. In the preferred embodiment, the package
base 404 1s a hermetic package base. In some embodiments,
the reconditioned die 324 1s secured to a package base 404
with a die attach adhesive 412. In other embodiments, the
reconditioned die 324 1s secured to a package base 404 with
a low-halide content die attach adhesive 412. Flow proceeds
to optional block 954 and block 958.

At optional block 954, 11 there are conductive surfaces on
the reconditioned die 324 or package base 404 that need to
be bridged with an insulator, a 3D printer 3D prints bond
insulators 604 between reconditioned die pads 332 and
package leads 416. For example, if package base 404 1s a
metallic and electrically conductive hermetic package base,
3D printed bond insulators 604 should be 3D printed on
surfaces of the package base 404 between the reconditioned
die pads 332 and the package leads 416. Optional block 954
1s not required 1f there are no conductive traces or other
conductive surfaces that must be bridged prior to application
of 3D printed bond conductors 504. Flow proceeds to block
0S58.

At block 9358, a 3D printer prints bond conductors 504
connecting reconditioned die pads 332 to package leads 416
or downbonds. If 3D printed bond insulators 604 were
provided in optional block 954, the width of 3D printed bond
conductors 504 should be controlled 1n order to be narrower
than the width of 3D printed bond insulators 604 1n order to
prevent short-circuiting between 3D printed bond conduc-
tors 504 and other metallic traces or surfaces. Flow proceeds
to block 962.

At block 962, an encapsulant compound 428 1s applied
within a cavity 408 of the package base 404. The encapsu-
lant compound 428 at least partially fills the cavity 408, and
in some embodiment fully fills the cavity 408. In one
embodiment, the encapsulant 428 1s an epoxy suitable for
hermetic or non-hermetic applications (depending on
whether the repackaged integrated circuit 432, 512, 616 1s
hermetic or non-hermetic). In another embodiment, the
encapsulant 428 1s a resilient silicone compound suitable for
hermetic or non-hermetic applications (depending on
whether the repackaged integrated circuit 432, 512, 616 1s
hermetic or non-hermetic). The encapsulant 428 exhibits
low thermal expansion, meaning 1n the expected operating
environment temperatures, the encapsulant will not increase
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in volume to a degree to place mternal pressure on the
package base 404, package lid 440, or Iid seal compound
436. The encapsulant 428 at least covers the 3D printed bond
conductors 504 and any guard rings on the reconditioned die
324. Flow proceeds to optional block 966 and block 970.
At optional block 966, the assembled package base 508,
612 may be vacuum baked 1n order to cure the encapsulant
428 and eliminate residual air pockets and moisture within
the cavity 408. Any suitable vacuum bake process known in
the art may be used to cure the encapsulant 428, and
manufacture instructions for curing the encapsulant 428
should 1n all cases be followed. One alternative vacuum

bake process 1s illustrated and described with respect to FIG.
10. Flow proceeds to block 970.

At block 970, a package 1id 440 1s sealed to the assembled
package base 508, 612. Sealing the package lid 440 to the
package base 404 creates a repackaged integrated circuit
512, 616. In most embodiments, a lid deal adhesive 436
known 1n the art 1s used. For hermetic applications requiring
a hermetic package lid 440 and a hermetic package base 404,
the lid deal adhesive 436 is suitable for the packaging
materials used—{tor example a suitable solder compound for
metallic packages or a hermetic lid sealing glass for glass or
ceramic packages. Flow proceeds to optional block 974 and
block 978.

At optional block 974, the repackaged integrated circuit
512, 616 1s tested for hermeticity per MIL-SPEC-883H.
Hermeticity tests the integrity of the package to outside
contamination due to either air or moisture leaks. Flow
proceeds to block 978.

At block 978, the repackaged integrated circuit 512, 616
1s electrically tested. Electrical testing includes either con-
tinuity tests or functional tests, or both. Flow ends at block
978.

Referring now to FIG. 10, a flowchart illustrating a
vacuum bake process 916, 966 1n accordance with embodi-
ments of the present invention 1s shown. The vacuum bake
process 1s illustrative of many alternative vacuum baking,
processes known 1n the semiconductor arts, and 1t should be
understood that other alternative vacuum bake processes
may be used with equivalent success. Flow begins at block
1004.

At block 1004, prior to hermetic encapsulation (illustrated
and described with reference to FIG. 7E), the assembled
package base 424, 508, 612 (reflecting an assembly level
shown and described as i FIGS. 4C, 5B, and 6C, respec-
tively) 1s placed into a vacuum/pressure furnace. The
vacuum/pressure furnace 1s equipment designed to present a
predetermined thermal profile to one or more integrated
circuits at a fixed or varying atmospheric pressure profile.
Examples of vacuum/pressure furnaces are models 3130,
3140, and 3150 produced by Scientific Sealing Technologies
International (SST). Flow proceeds to block 1008.

At block 1008, the internal temperature of the vacuum/
pressure Turnace 1s adjusted to a temperature of 200° C. or
more. Flow proceeds to block 1012.

At block 1012, a baking timer 1s started. The baking timer
measures ¢lapsed time the assembled package base 424,
508, 612 1s baking in the vacuum/pressure furnace. Flow
proceeds to decision block 1016.

At decision block 1016, the baking timer 1s evaluated to
determine 11 the assembled package base 424, 508, 612 has
been baking for one hour, or more. If the assembled package
base 424, 508, 612 has not been baking for at least one hour,
then tlow proceeds to decision block 1016 to wait until at
least one hour of baking time has elapsed. In a first embodi-
ment, 11 the assembled package base 424, 508, 612 has been
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baking for at least one hour, then flow proceeds to block
1024. In a second embodiment, 1f the assembled package
base 424, 508, 612 has been baking for at least one hour,
then flow proceeds to optional decision block 1020.

At optional decision block 1020, the vacuum/pressure
furnace 1s evaluated to determine 1f a baking pressure of 20
milliTorr (mTorr) or less has been reached. Vacuum/pressure
turnaces reduce the baking pressure from atmospheric (i.e.,
1 atm) to pressures which can be orders of magnitude less
than atmospheric pressure. Initially, the pressure 1s reduced
rapidly, and later on, the pressure slowly decreases. There-
fore, the specified target pressure (20 mTorr) 1s usually
reached near the end of the baking time. If a baking pressure
of 20 mTorr or less has not been reached, the tlow proceeds
to block 1020 to wait until at least a baking pressure of 20

mTorr or less has been reached. If a baking pressure of 20

mTorr or less has been reached, the flow proceeds to block

1024.

At block 1024, the assembled package base 424, 508, 612
1s removed from the vacuum/pressure furnace. The vacuum
baking process 1s now completed. Flow proceeds to block
920 of FIG. 9A and block 970 of FIG. 9B.

Finally, those skilled in the art should appreciate that they
can readily use the disclosed conception and specific
embodiments as a basis for designing or modifying other
structures for carrying out the same purposes of the present
invention without departing from the spirit and scope of the
invention as defined by the appended claims.

It will be readily understood that the components of the
application, as generally described and illustrated in the
figures herein, may be arranged and designed mm a wide
variety of different configurations. Thus, the detailed
description of the embodiments 1s not intended to limit the
scope of the application as claimed, but 1s merely represen-
tative of selected and exemplary embodiments of the appli-
cation.

One having ordinary skill in the art will readily under-
stand that the application as discussed above may be prac-
ticed with steps 1n a different order, and/or with hardware
clements in configurations that are different than those
which are specifically disclosed. Therefore, although the
application has been described based upon these preferred
embodiments, 1t would be apparent to those of skill 1n the art
that certain modifications, variations, and alternative con-
structions would be apparent, while remaining within the
spirit and scope of the application. In order to determine the
metes and bounds of the application, therefore, reference
should be made to the present claims.

While preferred embodiments of the present application
have been described, 1t 1s to be understood that the embodi-
ments described are illustrative only and the scope of the
application 1s to be defined solely by the appended claims
when considered with a full range of equivalents and modi-
fications (e.g., protocols, hardware devices, software plat-

forms etc.) thereto.

I claim:

1. A method comprising;

removing one or more existing ball bonds from an
extracted die, the extracted die comprising a fully
functional semiconductor die removed from a previous
package;

reconditioning die pads of the extracted die to create a
reconditioned die, reconditioning comprising applying
a plurality of metallic layers to the die pads;

securing the reconditioned die within a cavity of a new
package base;
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providing a plurality of bond connections interconnecting
the reconditioned die pads and package leads or down-
bonds of the new package base;

applying an encapsulating compound over the recondi-

tioned die and the plurality of bond connections to
create an assembled package base, the encapsulating
compound configured to exhibit low thermal expan-
sion; and

securing a lid to the new package base.

2. The method of claim 1, wherein the plurality of bond
connections comprises new bond wires and new bonds.

3. The method of claim 2, wherein the encapsulating
compound completely covers the new bond wires and the
new bonds.

4. The method of claim 1, wherein providing the plurality
of bond connections comprises:

3D printing, by a 3D printer, a plurality of 3D printed

bond connections, each comprising a 3D printed bond
conductor.
5. The method of claim 1, wherein providing the plurality
of bond connections comprises:
3D printing, by a 3D printer, one or more 3D printed bond
isulators at least to conductive surfaces of the recon-
ditioned die and new package base between recondi-
tioned die pads and one or more package leads; and

3D printing, by the 3D printer, one or more 3D printed
bond conductors over the one or more 3D printed bond
insulators, the one or more 3D printed bond conductors
providing electrical conduction between the recondi-
tioned die pads and package leads or downbonds of the
new package base, the one or more 3D printed bond
insulators preventing electrical conduction between the
one or more 3D printed bond conductors and conduc-
tive surfaces of the reconditioned die and new package
base.

6. The method of claim 1, wherein in response to applying
the encapsulating compound, the method further compris-
ng:

vacuum baking the assembled package base.

7. The method of claim 1, wherein the encapsulating
compound comprises one of an epoxy or silicone.

8. The method of claim 1, wherein 1n response to remov-
ing the one or more existing ball bonds from the extracted
die and prior to reconditioning the die pads:

removing metallic and chemical residues from die pads of

the extracted die to create conditioned die pads.

9. The method of claim 8, wherein applying the plurality
of metallic layers comprising:
adding a layer of mickel to the conditioned die pads;
adding a layer of palladium over the layer of nickel; and
adding a layer of gold over the layer of palladium.

10. The method of claim 1, wherein the lid comprises a
hermetic l1id and the new package base comprises a hermetic
package base, wherein sealing the lid to the new package
base produces a hermetic packaged integrated circuit.

11. A packaged integrated circuit, comprising:

a reconditioned die, comprising;:

an extracted die with original ball bonds removed and
reconditioned die pads, the extracted die comprising
a Tully functional semiconductor die removed from a
previous package and comprising the original ball
bonds, reconditioned die pads comprising a plurality
of metallic layers applied to die pads of the extracted
die;

a new package base comprising package leads and a

cavity, the reconditioned die secured within the cavity;
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a plurality of bond connections interconnecting the recon-
ditioned die pads and the package leads or downbonds
of the new package base;

an encapsulating compound applied over the recondi-
tioned die and the plurality of bond connections to
create an assembled package base, the encapsulating
compound configured to exhibit low thermal expan-
sion; and

a lid, secured to the assembled package base.

12. The packaged integrated circuit of claim 11, wherein
the plurality of bond connections comprises new bond wires
and new bonds.

13. The packaged integrated circuit of claim 12, wherein
the encapsulating compound completely covers the new
bond wires and the new bonds.

14. The packaged integrated circuit of claim 11, wherein
the plurality of bond connections comprises a plurality of 3D
printed bond connections, each comprising a 3D printed
bond conductor.

15. The packaged integrated circuit of claim 11, wherein
the plurality of bond connections comprises:

one or more 3D printed bond insulators, configured to at
least cover conductive surfaces of the reconditioned die
and new package base between the reconditioned die
pads and one or more package leads; and

one or more 3D printed bond conductors applied over the
one or more 3D printed bond insulators, the one or
more 3D printed bond conductors providing electrical
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contact between the reconditioned die pads and pack-
age leads or downbonds of the new package base, the
one or more 3D printed bond insulators preventing
clectrical conduction between the one or more 3D
printed bond conductors and conductive surfaces of the
reconditioned die and new package base.
16. The packaged integrated circuit of claim 11, wherein
the assembled package base 1s vacuum baked to remove
moisture prior to securing the lid.

17. The packaged integrated circuit of claim 11, wherein
the encapsulating compound comprises one of an epoxy or
silicone.

18. The packaged integrated circuit of claim 11, wherein
in response to removing the original ball bonds from the
extracted die and prior to reconditioning the die pads, the die
pads being conditioned by removing metallic and chemical
residues from die pads of the extracted die.

19. The packaged integrated circuit of claim 18, wherein
the plurality of metallic layers comprising:

a layer of nickel applied over the conditioned die pads;

a layer of palladium applied over the layer of nickel; and

a layer of gold applied over the layer of palladium.

20. The packaged integrated circuit of claim 11, wherein
the lid comprises a hermetic lid and the new package base
comprises a hermetic package base, the packaged integrated
circuit being hermetic.
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