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ELECTROSTATIC DISCHARGE DIODE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority from commonly owned U.S. Non-
Provisional Patent Application No. 13/887,723 filed on May 6, 2013, the contents of

which are expressly incorporated herein by reference in its entirety.
FIELD
[0002] The present disclosure is generally related to an electrostatic discharge diode.

DESCRIPTION OF RELATED ART

[0003] Advances in technology have resulted in smaller and more powerful computing
devices. For example, there currently exist avariety of portable personal computing
devices, including wireless computing devices, such as portable wireless telephones,
persona digital assistants (PDAS), and paging devices that are small, lightweight, and
easily carried by users. More specifically, portable wireless telephones, such as cellular
telephones and internet protocol (1P) telephones, may communicate voice and data
packets over wireless networks. Further, many such wireless telephones include other
types of devicesthat are incorporated therein. For example, awireless telephone may
also include a digital still camera, adigital video camera, adigital recorder, and an
audio file player. Also, such wireless telephones may process executable instructions,
including software applications, such as aweb browser application, that may beused to
access the Internet. A s such, these wireless telephones may include significant

computing capabilities.

[0004] A semiconductor device for use in wireless communication devices may be
formed using through-silicon-via (TSV) technology to provide electrical connections
between silicon chips. For example, silicon chips may include integrated circuits that
are interconnected using TSVs that are fabricated within the silicon wafers for vertical
connections. The vertical connections of the integrated circuits may beused to form a

three-dimensional integrated circuit. Because the three-dimensional integrated circuit is
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formed using multiple silicon wafers, assembly processes used to interconnect these
silicon chips (or circuits within each silicon chip) to each other, or to apackage
substrate, may cause high-voltage static electricity to pass through the TSVsto the

circuits on each of the chips, resulting in damage to the circuits.

[0005] Electrostatic discharge diodes coupled to the front-side (i.e., active layers) of the
silicon chips may be used to sink charges resulting from the static electricity or noise.
For example, an electrostatic discharge diode coupled to the front-side of the silicon
chip may sink charges into a substrate of the silicon wafer. However, placing
electrostatic discharge diodes at the front-side of the silicon wafers may consume alarge

die areathat could otherwise be used for active circuits (i.e., active integrated circuits).
SUMMARY

[0006] This disclosure presents particular embodiments of asilicon chip using through-
silicon-via (TSV) technology to interconnect with other silicon chips. Electrostatic
discharge diodes may be formed on the back-side of the silicon chip to sink electrostatic
charges into asilicon substrate of the silicon chip. For example, ametallic
redistribution layer may form a Schottky barrier diode when coming into contact with
the silicon substrate of the chip. The Schottky barrier diode may activate in response to
anegative voltage (e.g., electrostatic charges having anegative polarity) and may sink
the electrostatic charges into the silicon substrate. Additionally, adiode having an
opposite polarity may be formed by placing the metallic redistribution layer in contact
with n-type semiconductor material, such as Indium Oxide or Indium Tin Oxide, on the
back-side of the silicon wafer. The diode may activate in response to a positive voltage
(e.0., electrostatic charges having apositive polarity) and sink the electrostatic charges

into the silicon substrate.

[0007] In aparticular embodiment, a method includes thinning aback-side of a
substrate to expose aportion of afirst via formed in the substrate. The method aso
includes forming afirst diode a the back-side of the substrate. The first diode is
coupled to the first via.

[0008] In another particular embodiment, a device includes a substrate and afirst via

that extends from aback-side of the substrate. The device also includes afirst diode at
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the back-side of the substrate. The first diode is coupled to the first via and sinks

glectrostatic charges into the substrate.

[0009] In another particular embodiment, an apparatus includes means for sinking
electrostatic charges having anegative polarity into a substrate of athrough-silicon-via
(TSV) wafer. The means for sinking the electrostatic charges having the negative
polarity are located at aback-side of the substrate. The apparatus also includes means
for sinking electrostatic charges having apositive polarity into the substrate. The means
for sinking the electrostatic charges having the positive polarity are located a aback-
side of the substrate.

[0010] One particular advantage provided by at least one of the disclosed embodiments
isthat by forming adiode at the back-side of the substrate to sink electrostatic charges
into the substrate, additional die area at the front of the substrate may potentially be
used for active circuits. Other aspects, advantages, and features of the present
disclosure will become apparent after review of the entire application, including the
following sections: Brief Description of the Drawings, Detailed Description, and the

Claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. lisadiagram of aparticular illustrative embodiment of athrough-silicon-

via (TSV) wafer including an electrostatic discharge diode a aback-side of a substrate;

[0012] FIG. 2isadiagram illustrating aparticular stage of forming the TSV wafer of
FIG. 1;

[0013] FIG. 3isadiagram illustrating another particular stage of forming the TSV
wafer of FIG. 1;

[0014] FIG. 4 isadiagram illustrating another particular stage of forming the TSV
wafer of FIG. 1;

[0015] FIG. 5isadiagram illustrating another particular stage of forming the TSV
wafer of FIG. 1;
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[0016] FIG. 6isadiagram illustrating another particular stage of forming the TSV
wafer of FIG. 1;

[0017] FIG. 7 isadiagram illustrating another particular stage of forming the TSV
wafer of FIG. 1;

[0018] FIG. 8isadiagram of another particular illustrative embodiment of TSV wafer
of FIG. 1;

[0019] FIG. 9isadiagram of another particular illustrative embodiment of TSV wafer
of FIG. 1;

[0020] FIG. 10 is adiagram of another particular illustrative embodiment of TSV wafer
of FIG. 1;

[0021] FIG. 11isaflowchart of aparticular illustrative embodiment of a method of

forming an electrostatic discharge diode a aback-side of a substrate of a TSV wafer;

[0022] FIG. 12 is aflowchart of another particular illustrative embodiment of a method

of forming an electrostatic discharge diode at aback-side of a substrate of a TSV wafer;

[0023] FIG. 13 is ablock diagram of awireless communication device including aTSV

wafer that includes an electrostatic discharge diode a aback-side of a substrate; and

[0024] FIG. 14 is adataflow diagram of aparticular illustrative embodiment of a
process to manufacture electronic devices that include a TSV wafer that includes an

electrostatic discharge diode at aback-side of a substrate.

DETAILED DESCRIPTION

[0025] Particular embodiments of wafers having electrostatic discharge diodes a a
back-side of a substrate and methods of fabrication are presented in this disclosure. It
should be appreciated, however, that the concepts and insights applied to the particular
embodiments with respect to designs of the electrostatic discharge diodes and with
respect to how to make the electrostatic discharge diodes may be embodied in avariety

of contexts. The particular embodiments presented are merely illustrative of specific
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ways to design and make the electrostatic discharge diodes and do not limit the scope of

this disclosure.

[0026] The present disclosure describes the particular embodiments in specific contexts.
However, features, methods, structures or characteristics described according to the
particular embodiments may also be combined in suitable manners to form one or more
other embodiments. In addition, figures are used to illustrate the relative relationships
between the features, methods, structures, or characteristics, and thus may not be drawn
in scale. Directional terminology, such as "back-side”", "front-side’, etc. isused with
reference to the orientation of the figures being described. The components of the
disclosure may be positioned in anumber of different orientations. As such, the
directional terminology is used for purposes of illustration and is not meant to be

limiting.

[0027] Referring to FIG. 1, aparticular illustrative embodiment of athrough-silicon-via
(TSV) wafer including an electrostatic discharge diode at aback-side of a substrate is
shown. FIG. 1shows across-sectional view of aportion of the TSV wafer that includes

the electrostatic diode.

[0028] The TSV wafer includes afront-side and aback-side. The TSV wafer includes a
substrate 102. The substrate 102 may be ap-type implantable substrate. In aparticular
embodiment, the substrate 102 is asilicon (Si) substrate. The TSV wafer may include a
first via 112 that extends through the substrate 102, a second via 114 that extends
through the substrate 102, athird via 116 that extends through the substrate 102, and a
fourth via 118 that extends through the substrate 102. A's described with respect to
FIGs. 2-3, the vias 112-1 18 may extend partially through the substrate 102 prior to an
etching process to thin the back-side of the substrate 102. In aparticular embodiment,
the vias 112-1 18 are through-silicon-vias (TSVs), and the vias 112-1 18 may befilled
with metal. In aparticular embodiment, the metal includes at least one of copper (Cu),

tungsten (W), silver (Ag), or gold (Au).

[0029] The front-side of the TSV wafer may include active layers 104. The active
layers 104 may include afirst aluminum metallization portion 106 and a second
aluminum metallization portion 108. In aparticular embodiment, inputs and outputs

(1/0s) of the TSV wafer may be formed in the first and second aluminum metallization
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portions 106, 108. A contact 110 to the substrate 102 may also be included in the active
layers 104. A portion 120 of the second via 114 may extend into the active layers 104.
The contact 110 may be coupled to the portion 120 of the second via 114, and the
contact 110 extends into the active layers 104. Asdescribed below, the contact 110 may
sink electrostatic charges having positive polarity into the substrate 102.

[0030] The back-side of the TSV wafer may include an isolation layer 126 formed on
the substrate 102. The isolation layer 126 may isolate selective portions of the substrate
102 from metal contacts. In aparticular embodiment, the isolation layer 126 includes at
least one of silicon dioxide (S102), silicon nitride (S13N4), silicon oxynitride (SiOxNy),
tantalum pentoxide (Ta20s), aluminum oxide (AI203), and auminum nitride (A1N), as

well aspolymeric insulating materials, such as polyimide.

[0031] The back-side of the TSV wafer may also include aredistribution layer 134
formed on the isolation layer 126. In aparticular embodiment, the redistribution layer
134 includes at least one of auminum (Al), copper (Cu), silver (Ag), and tungsten (W).
In aparticular embodiment, the redistribution layer 134 may have an under-bump-
metallization (UBM) layer underneath the main metal. The UBM layer may include at
least one of Titanium (Ti), Titanium-Tungsten (TiW), Tantalum nitride (TaN), or other
such material and multi-layers thereof. Asdescribed with respect to FIG. 6, the
isolation layer 126 may include an opening that permits aportion of the redistribution
layer 134 to come in contact (e.g., direct contact) with the substrate 102. When the
redistribution layer 134 comes into contact with the substrate 102, afirst diode 132 may
be formed to sink electrostatic charges into the substrate 102. For example, placing
metal (e.g., copper (Cu)) from the redistribution layer 134 in direct contact with silicon
(e.g., the substrate 102) may form a Schottky barrier diode (e.g., the first diode 132).
The first diode 132 may activate in response to alow (e.g., ground or negative) voltage.
For example, the first diode 132 may activate in response to electrostatic charges having
anegative polarity and sink the electrostatic charges into the substrate 102.

[0032] The back-side of the TSV wafer may also include asecond diode 128 to sink
electrostatic charges having apositive polarity into the substrate 102. For example, an
n-type semiconductor material may beplaced on the second via 114. When the

redistribution layer 134 comes into contact with the n-type semiconductor material, the
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second diode 128 may be formed to sink electrostatic charges into the substrate 102 via
the second via 114 and the contact 110. For example, electrostatic charges having a
positive polarity may activate the second diode 128 and pass through the second via 114
to the contact 110. The contact 110 may sink the electrostatic charges to the substrate
102. In aparticular embodiment, the n-type semiconductor materia is at least one of

indium oxide (In20s) or indium tin oxide (ITO).

[0033] The back-side of the TSV wafer may include micro-bumps 138 that are
patterned on the redistribution layer 134. The micro-bumps 138 may beused for
interconnection between the TSV wafer and another TSV or non-TSV wafer (not
shown). The micro-bumps 138 may enable conductivity between portions of the TSV
wafer and another wafer. For example, electrical conductivity may flow from the
auminum metallization portions 106, 108 of the TSV wafer to another TSV wafer via a
conductivity path comprising the vias 112-1 18, the redistribution layer 134, and the
micro-bumps 138. In aparticular embodiment, the micro-bumps 138 are used to
connect the TSV wafer with other TSV wafers when the TSV wafer is flipped. The
back-side of the TSV wafer may also include a dielectric layer 136 that is patterned on
the redistribution layer 134 to electrically isolate the redistribution layer 134 from

external elements.

[0034] As described with respect to FIG. 3, the TSV wafer may be flipped and placed
on acarrier wafer 124. An adhesive layer 122 may beplaced on the carrier wafer 124 to

hold the TSV wafer in place.

[0035] During operation, electrostatic charges may be created during interconnection of
TSV wafers. For example, electrostatic charges may be created at the micro-bumps 138
and at the vias 112-118 due to temperature and voltage variations when connecting the
TSV wafer with other TSV wafers. The first and second diodes 132, 128 may sink the
electrostatic charges into the substrate 102. For example, in response to electrostatic
charges having anegative polarity (e.g., anegative charge), the first diode 132 (i.e., the
Schottky barrier diode) may activate and sink the electrostatic charges into the substrate
102. Alternatively, or in addition, in response to electrostatic charges having apositive
polarity (e.g., apositive charge), the second diode 128 may activate and sink the

electrostatic charges into the substrate 102. For example, upon activation, the second
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diode 128 may pass the electrostatic charges through the second via 114 to the contact
110, and the contact 110 may sink the electrostatic charge into the substrate 102.

[0036] It will be appreciated that forming the first and second diodes 132, 128 at the
back-side of the TSV wafer to sink electrostatic charges into the substrate 102 may
improve design flexibility. For example, die area a the front-side of the TSV wafer
may be used for active circuits rather than for electrostatic discharge diodes. Forming
the first diode 132 (i.e., Schottky barrier diode) using the redistribution layer 134 and
the substrate 102 may reduce process temperature constraints that may otherwise exist
by placing an implantable P-N junction diode at the back-side of the TSV wafer. For
example, implanting the P-N junction diode at the back-side of the TSV wafer may
involve using high temperature forjunction activation, which may affect integrated
circuits and 1/0O devices at the front-side of the TSV wafer aswell as the bond between
the TSV wafer and the carrier wafer 124 it is situated upon. The Schottky barrier diodes
may beimplemented using low temperatures. Because the back-side of the TSV wafer
may be less dense with circuitry than the front-side of the TSV wafer, using a Schottky
barrier diode as an electrostatic discharge diode may permit the use of large electrostatic

discharge diodes with reduced constraints on temperature.

[0037] Referring to FIG. 2, adiagram illustrating aparticular stage of forming the
electrostatic discharge diode e the back-side of the substrate 102 of the TSV wafer is
shown. In aparticular embodiment, the particular stage of the TSV wafer shown in
FIG. 2 may correspond to a stage after fabrication of the front-side of the TSV wafer is
completed. For example, the TSV wafer includes the substrate 102 and the active layers
104. Thevias 112-1 18 are implanted into the substrate 102. Portions (e.g., the portion
120 of the second via 114) of the vias 112-1 18 may be within the active layers 104. The
auminum metallization portions 106, 108 are implemented in the active layers 104. In
aparticular embodiment, formation of the active layers 104 and the components within
the active layers are formed via back-end-of-line (BEOL) processing. The contact 110
may be coupled to the portion 120 of the second via 114 that extends into the active
layers 104 and may be coupled to the substrate 102. In some embodiments, there may
be solder bumps (not shown) or Cu pillar bumps (not shown) on top of the aluminum

metallization portions 106, 108.
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[0038] Referring to FIG. 3, adiagram illustrating another particular stage of forming the
electrostatic discharge diode e the back-side of the substrate 102 of the TSV wafer is
shown. During the particular stage shown in FIG. 3, the TSV wafer is flipped over and
placed onthe carrier wafer 124. For example, the adhesive layer 122 isplaced ontop of
the carrier wafer 124 to hold the TSV wafer in place (e.g., hold in place the active layers
104 and the aluminum metallization portions 106, 108 that come in contact with the
adhesive layer 122).

[0039] During the particular stage shown in FIG. 3, the back-side of the substrate 102
(e.g., the backside of the TSV wafer) may bethinned to expose aportion of the vias
112-1 18 that are formed within the substrate 102. For example, the back-side of the
substrate 102 may be thinned using an etching process.

[0040] Referring to FIG. 4, adiagram illustrating another particular stage of forming the
electrostatic discharge diode e the back-side of the substrate 102 of the TSV wafer is
shown. During the particular stage shown in FIG. 4, the isolation layer 126 is deposited
on the substrate 102 at the back-side of the TSV wafer. After the isolation layer 126 is
deposited on the substrate 102, the isolation layer 126 may beplanarized. In aparticular
embodiment, the isolation layer 126 is planarized using a chemical-mechanical-
polishing (CMP) technique. The isolation layer 126 may isolate the redistribution layer
134 (shown in FIG. 1) from the substrate 102.

[0041] Referring to FIG. 5, adiagram illustrating another particular stage of forming the
electrostatic discharge diode e the back-side of the substrate 102 of the TSV wafer is
shown. During the particular stage shown in FIG. 5, an n-type semiconductor material
may be deposited on at the back-side of the TSV wafer. The n-type semiconductor
material may be patterned to cover particular regions of the back-side of the TSV wafer.
For example, the n-type semiconductor material may be patterned to cover aregion over
the second via 114 and aregion over the fourth via 118. A s described with respect to
FIG. 1, the n-type semiconductor may form the second diode 128 when contacted by the

metalized redistribution layer 134.

[0042] Referring to FIG. 6, adiagram illustrating another particular stage of forming the
electrostatic discharge diode at the back-side of the substrate 102 of the TSV wafer is
shown. During the particular stage shown in FIG. 6, an opening 130 is selectively
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patterned in the isolation layer 126. The opening 130 may expose aportion of the
substrate 102.

[0043] Referring to FIG. 7, adiagram illustrating another particular stage of forming the
electrostatic discharge diode a the back-side of the substrate 102 of the TSV wafer is
shown. During the particular stage shown in FIG. 7, the redistribution layer 134 is
deposited and patterned in the opening 130 and on the n-type semiconductor material to
form the first and second diodes 132, 128, respectively.

[0044] In aparticular embodiment, the first diode 132 and the second diode 128 have
substantially opposite polarities. For example, the first diode 132 may be a p-type diode
and the second diode 128 may be an n-type diode. When the redistribution layer 134
comes into contact with the substrate 102 via the opening 130, the first diode 132 may
be formed to sink electrostatic charges into the substrate 102. Placing metal (e.g.,
copper (Cu) or the under-bump-metallization (UBM)) from the redistribution layer 134
in direct contact with silicon (e.g., the substrate 102) may form a Schottky barrier. The
first diode 132 may activate in response to alow (e.g., ground or negative) voltage. For
example, electrostatic charges having anegative polarity may activate the first diode
132, and the first diode 132 may sink the electrostatic charges into the substrate 102.
When the redistribution layer 134 comes into contact with the n-type semiconductor
material, the second diode 128 may be formed to sink electrostatic charges into the
substrate 102 via the second via 114 and the contact 110. For example, electrostatic
charges having apositive polarity may activate the second diode 128 and pass through

the second via 114 to the contact 110.

[0045] It will be appreciated that the first via 112 may be protected from electrostatic
charges having negative and positive polarities. For example, the first via 112 may be
electrically coupled to the redistribution layer 134. Electrostatic charges having a
negative polarity that are in contact with the redistribution layer 134 may activate the
first diode 132. Upon activation, the electrostatic charge may be discharged in the
substrate 102. Electrostatic charges having apositive polarity that are in contact with
the redistribution layer 134 may activate the second diode 128. Upon activation, the
electrostatic charges may be discharged in the substrate 102 via the second via 114 and

the contact 110. In aparticular embodiment, an I/O (hot shown), such asthe I/Os in the
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aluminum metallization portions 106, 108, may be eectrically coupled to the first via
112. Electrostatic discharge resulting from the 1/O may be deposited into the substrate
via the first and second diodes 132, 128 at the back-side of the TSV using the
conductivity of the first via 112 and the redistribution layer 134.

[0046] Referring to FIG. 8, another particular illustrative embodiment of a TSV wafer
including an electrostatic discharge diode a aback-side of a substrate is shown. The
TSV wafer illustrated in FIG. 8 may include atrench 800 at the back-side of the TSV

wafer.

[0047] For example, prior to depositing the redistribution layer 134 in FIG. 7, the trench
800 may be created within the substrate 102. Creating the trench 800 may reduce series
resistance between the substrate 102 and the first diode 132. For example, sidewalls of
the trench 800 may increase a contact area between the redistribution layer 134 and the
substrate 102, which may generate alarger first diode 132. The trench 800 may also
bring the electrostatic charges closer to the substrate 102 which may decrease aparasitic

resistance of the first diode 132.

[0048] Referring to FIG. 9, another particular illustrative embodiment of a TSV wafer
including an electrostatic discharge diode a aback-side of a substrate is shown. The
TSV wafer illustrated in FIG. 9 may include atrench 900 at the front-side of the TSV
wafer. Creating the trench 900 may also reduce series resistance between the substrate
102 and the second diode 128.

[0049] Referring to FIG. 10, another particular illustrative embodiment of aTSV wafer
including an electrostatic discharge diode a aback-side of a substrate is shown. The
TSV wafer illustrated in FIG. 10 may include a substrate contact 1000 at the back-side
of the TSV wafer to reduce aresistance between electrostatic discharge diodes at the
back-side of the TSV wafer and the substrate 102.

[0050] Referring to FIG. 11, aparticular illustrative embodiment of a method of
forming an eectrostatic discharge diode a aback-side of a substrate of a TSV wafer is
shown. The method of FIG. 11 may beperformed to fabricate or in reference to
embodiments of the TSV wafers depicted in FIGs. 1-10.
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[0051] The method may include thinning aback-side of a substrate to expose aportion
of afirst via that is formed in the substrate, a 1102. For example, in FIG. 3, the back-
side of the substrate 102 (e.g., the backside of the TSV wafer) may bethinned to expose
aportion of the first via 112 that is formed within the substrate 102. The back-side of
the substrate 102 may bethinned using an etching process.

[0052] A first diode may be formed at the back-side of the substrate, a 1104. For
example, in FIG. 7, the redistribution layer 134 may be deposited and patterned in the
opening 130 and on the n-type semiconductor material to form the first and second
diodes 132, 128, respectively. The first diode 132 may be coupled to the first via 112
via the redistribution layer 134, and the second diode 128 may be coupled to the second
via 114 viathe redistribution layer 134.

[0053] It will be appreciated that the method of FIG. 11 may improve design flexibility
by forming the first and second diodes 132, 128 & the back-side of the TSV wafer to
sink electrostatic charges into the substrate 102. For example, die area at the front-side
of the TSV wafer may potentially be used for active circuits rather than for electrostatic
discharge diodes. Forming the first diode 132 (i.e., Schottky barrier diode) using the
redistribution layer 134 and the substrate 102 may reduce temperature constraints that
may otherwise exist by placing an implantable P-N junction diode at the back-side of
the TSV wafer. For example, implanting the P-N junction diode at the back-side of the
TSV wafer may involve using high temperature, which may affect integrated circuits
and I/Os a the front-side of the TSV wafer. The Schottky barrier diodes may be
implemented using low temperature. Because the back-side of the TSV wafer may be
less dense with circuitry than the front-side of the TSV wafer, using a Schottky barrier
diode as an electrostatic discharge diode may permit the use of large electrostatic

discharge diodes with reduced constraints on temperature.

[0054] Referring to FIG. 12, another particular illustrative embodiment of a method for
forming an eectrostatic discharge diode a aback-side of a substrate of a TSV wafer is
shown. The method of FIG. 12 may beperformed to fabricate or in reference to
embodiments of the TSV wafers depicted in FIGs. 1-10.

[0055] The method may include thinning aback-side of a substrate to expose aportion

of afirst via that is formed in the substrate and to expose aportion of a second via that
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isformed inthe substrate, at 1202. For example, in FIG. 3, the back-side of the
substrate 102 (e.g., the backside of the TSV wafer) may bethinned to expose a portion
of the first via 112 that is formed within the substrate 102 and a portion of the second
via 114 that is formed within the substrate 102. The back-side of the substrate 102 may

bethinned using an etching process.

[0056] An isolation layer may be deposited and planarized on the back-side of the
substrate, at 1204. For example, in FIG. 4, the isolation layer 126 is deposited on the
substrate 102 at the back-side of the TSV wafer. After the isolation layer 126 is
deposited on the substrate 102, the isolation layer 126 may be planarized. In aparticular
embodiment, the isolation layer 126 is planarized using a chemical-mechanical-
polishing (CMP) technique. The isolation layer 126 may isolate the redistribution layer
134 (as shown in FIG. 1) from the substrate 102.

[0057] An n-type semiconductor material may be deposited on the second via, a 1206.
For example, in FIG. 5, the n-type semiconductor material may be deposited on the
back-side of the TSV wafer. The n-type semiconductor material may be patterned to
cover particular regions of the back-side of the TSV wafer. For example, the n-type
semiconductor material may be patterned to cover aregion over the second via 114. An
opening may be selectively patterned in the isolation layer between the first via and the
second via, a 1208. For example, in FIG. 6, the opening 130 is selectively patterned in
the isolation layer 126 between the first and second vias 112, 114. The opening 130
may contact the substrate 102.

[0058] A redistribution layer may be deposited on the n-type semiconductor material,
the isolation layer, the first via, and in the opening, at 1210. For example, in FIG. 7, the
redistribution layer 134 may be deposited and patterned in the opening 130 and on the
n-type semiconductor material to form the first and second diodes 132, 128,
respectively. When the redistribution layer 134 comes into contact with the substrate
102 via the opening 130, the first diode 132 may be formed to sink electrostatic charges
into the substrate 102. Placing metal (e.g., copper (Cu) or under-bump-metallization
(UBM)) from the redistribution layer 134 in direct contact with silicon (e.g., the
substrate 102) may form a Schottky barrier. The first diode 132 may activate in

response to alow (e.g., ground or negative) voltage. For example, electrostatic charges



WO 2014/182449 PCT/US2014/035076

- 14 -

having anegative polarity may activate the first diode 132, and the first diode 132 may
sink the electrostatic charges into the substrate 102. When the redistribution layer 134
comes into contact with the n-type semiconductor material, the second diode 128 may
be formed to sink electrostatic charges into the substrate 102 via the second via 114 and
the contact 110. For example, electrostatic charges having apositive polarity may

activate the second diode 128 and pass through the second via 114 to the contact 110.

[0059] Referring to FIG. 13, ablock diagram of aparticular illustrative embodiment of
awireless communication device is depicted and generally designated 1300. The device
1300 includes aprocessor 1310, such as adigital signal processor (DSP), coupled to a
memory 1332 (e.g., arandom access memory (RAM), flash memory, read-only memory
(ROM), programmable read-only memory (PROM), erasable programmable read-only
memory (EPROM), electrically erasable programmable read-only memory (EEPROM),
registers, hard disk, aremovable disk, acompact disc read-only memory (CD-ROM), or
any other form of non-transient storage medium known in the art). The memory 1332
may store instructions 1362 that are executable by the processor 1310. The memory

1332 may store data 1366 that is accessible to the processor 1310.

[0060] The device 1300 includes a TSV wafer 1348 that includes an electrostatic
discharge diode at aback-side of asubstrate. In an illustrative embodiment, the TSV
wafer 1348 may correspond to the TSV wafers depicted in FIGs. 1-10. FIG. 13 dso
shows adisplay controller 1326 that is coupled to the processor 1310 and to a display
1328. A coder/decoder (CODEC) 1334 may also be coupled to the processor 1310. A
speaker 1336 and amicrophone 1338 may be coupled tothe CODEC 1334. FIG. 13
also indicates that awireless controller 1340 may be coupled to the processor 1310 and
may be further coupled to an antenna 1342 via the RF interface 1352.

[0061] In aparticular embodiment, the processor 1310, the display controller 1326, the
memory 1332, the CODEC 1334, and the wireless controller 1340 are included in a
system- in-package or system-on-chip device 1322. In aparticular embodiment, an input
device 1330 and apower supply 1344 are coupled tothe system-on-chip device 1322.
Moreover, in aparticular embodiment, asillustrated in FIG. 13, the display 1328, the
input device 1330, the speaker 1336, the microphone 1338, the antenna 1342, and the

power supply 1344 are external to the system-on-chip device 1322. However, each of
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the display 1328, the input device 1330, the speaker 1336, the microphone 1338, the
wireless antenna 1342, and the power supply 1344 may be coupled to a component of

the system-on-chip device 1322, such as an interface or a controller.

[0062] The foregoing disclosed devices and functionalities may be designed and
configured into computer files (e.g. RTL, GDSII, GERBER, etc.) stored on computer
readable media. Some or all such files may be provided to fabrication handlers who
fabricate devices based on such files. Resulting products include semiconductor wafers
that are then cut into semiconductor die and packaged into a semiconductor chip. The
semiconductor chips are then integrated into electronic devices, as described further

with reference to FIG. 14.

[0063] Referring to FIG. 14, aparticular illustrative embodiment of an electronic device
manufacturing process is depicted and generally designated 1400. In FIG. 14, physical
device information 1402 isreceived a the manufacturing process 1400, such as a a
research computer 1406. The physical device information 1402 may include design
information representing at least one physical property of a semiconductor device, such
as a TSV wafer that includes an electrostatic discharge diode at aback-side of a
substrate (e.g., the TSV wafer illustrated in FIGs. 1-10 and/or a TSV wafer formed
according to the methods 1100-1200 of FIGs. 11-12). For example, the physical device
information 1402 may include physical parameters, material characteristics, and
structure information that is entered via auser interface 1404 coupled to the research
computer 1406. The research computer 1406 includes aprocessor 1408, such as one or
more processing cores, coupled to acomputer readable medium such as amemory 1410.
The memory 1410 may store computer readable instructions that are executable to cause
the processor 1408 to transform the physical device information 1402 to comply with a

file format and to generate alibrary file 1412.

[0064] In aparticular embodiment, the library file 1412 includes at least one data file
including the transformed design information. For example, the library file 1412 may
include alibrary of devices including aTSV wafer that includes an electrostatic
discharge diode a aback-side of a substrate (e.g., the TSV wafer illustrated in FIGs. 1-
10 and/or a TSV wafer formed according to the methods 1100-1200 of FIGs. 11-12)
provided for use with an electronic design automation (EDA) tool 1420.



WO 2014/182449 PCT/US2014/035076

- 16 -

[0065] The library file 1412 may be used in conjunction with the EDA tool 1420 a a
design computer 1414 including aprocessor 1416, such as one or more processing
cores, coupled to amemory 1418. The EDA tool 1420 may be stored as processor
executable instructions at the memory 1418 to enable auser of the design computer
1414 to design a TSV wafer that includes an electrostatic discharge diode at aback-side
of a substrate (e.g., the TSV wafer illustrated in FIGs. 1-10 and/or a TSV wafer formed
according to the methods 1100-1200 of FIGs. 11-12) using the library file 1412. For
example, auser of the design computer 1414 may enter circuit design information 1422
via auser interface 1424 coupled to the design computer 1414. The circuit design
information 1422 may include design information representing at least one physical
property of aTSV wafer that includes an electrostatic discharge diode a aback-side of
a substrate (e.g., the TSV wafer illustrated in FIGs. 1-10 and/or a TSV wafer formed
according to the methods 1100-1200 of FIGs. 11-12). To illustrate, the circuit design
property may include identification of particular circuits and relationships to other
elements in acircuit design, positioning information, feature size information,
interconnection information, or other information representing a physical property of a

semiconductor device.

[0066] The design computer 1414 may be configured to transform the design
information, including the circuit design information 1422, to comply with afile format.
To illustrate, the file formation may include a database binary file format representing
planar geometric shapes, text labels, and other information about acircuit layout in a
hierarchical format, such as a Graphic Data System (GDSII) file format. The design
computer 1414 may be configured to generate a data file including the transformed
design information, such as a GDSII file 1426 that includes information describing a
TSV wafer that includes an electrostatic discharge diode at aback-side of a substrate
(e.g., the TSV wafer illustrated in FIGs. 1-10 and/or a TSV wafer formed according to
the methods 1100-1200 of FIGs. 11-12) in addition to other circuits or information. To
illustrate, the data file may include information corresponding to a system-on-chip
(SOC) that includes a TSV wafer that includes an electrostatic discharge diode a a
back-side of a substrate (e.g., the TSV wafer illustrated in FIGs. 1-10 and/or a TSV
wafer formed according to the methods 1100-1200 of FIGs. 11-12), and that also

includes additional electronic circuits and components within the SOC.
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[0067] The GDSII file 1426 may be received at afabrication process 1428 to
manufacture a TSV wafer that includes an eectrostatic discharge diode at aback-side of
a substrate (e.g., the TSV wafer illustrated in FIGs. 1-10 and/or a TSV wafer formed
according to methods 1100-1200 of FIGs. 11-12), according to transformed information
inthe GDSII file 1426. For example, adevice manufacture process may include
providing the GDSII file 1426 to amask manufacturer 1430 to create one or more
masks, such as masks to be used with photolithography processing, illustrated as a
representative mask 1432. The mask 1432 may be used during the fabrication process
to generate one or more wafers 1434, which may betested and separated into dies, such
as arepresentative die 1436. The die 1436 includes a TSV wafer that includes an
electrostatic discharge diode at aback-side of a substrate (e.g., the TSV wafer illustrated
in FIGs. 1-10 and/or a TSV wafer formed according to the methods 1100-1200 of FIGs.
11-12).

[0068] In conjunction with the described embodiments, anon-transitory computer-
readable medium stores instructions executable by a computer to perform the method
1100 of FIG. 11, the method 1200 of FIG. 12, or any combination thereof. For
example, equipment of a semiconductor manufacturing plant may include a computer
and amemory and may perform the method 1100 of FIG. 11, the method 1200 of FIG.
12, or any combination thereof, such as in connection with the fabrication process 1428
and using the GSDII file 1426. Toillustrate, the computer may execute instructions to
initiate thinning aback-side of a substrate to expose aportion of afirst viathat is
formed in the substrate and to initiate forming afirst diode at the back-side of the
substrate, as described with reference to FIG. 11.

[0069] The die 1436 may beprovided to apackaging process 1438 where the die 1436
is incorporated into arepresentative package 1440. For example, the package 1440 may
include the single die 1436 or multiple dies, such as a system-in-package (SiP)
arrangement. The package 1440 may be configured to conform to one or more
standards or specifications, such as Joint Electron Device Engineering Council (JEDEC)

standards.

[0070] Information regarding the package 1440 may be distributed to various product

designers, such asvia acomponent library stored at a computer 1446. The computer
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1446 may include aprocessor 1448, such as one or more processing cores, coupled to a
memory 1450. A printed circuit board (PCB) tool may be stored as processor
executable instructions at the memory 1450 to process PCB design information 1442
received from auser of the computer 1446 via auser interface 1444. The PCB design
information 1442 may include physical positioning information of a packaged
semiconductor device on acircuit board, the packaged semiconductor device
corresponding to the package 1440 including a TSV wafer that includes an electrostatic
discharge diode a aback-side of a substrate (e.g., the TSV wafer illustrated in FIGs. 1-
10 and/or a TSV wafer formed according to the methods 1100-1200 of FIGs. 11-12).

[0071] The computer 1446 may be configured to transform the PCB design information
1442 to generate a data file, such as a GERBER file 1452 with datathat includes
physical positioning information of apackaged semiconductor device on acircuit board,
aswell aslayout of electrical connections such astraces and vias, where the packaged
semiconductor device corresponds to the package 1440 including a TSV wafer that
includes an electrostatic discharge diode a aback-side of a substrate (e.g., the TSV
wafer illustrated in FIGs. 1-10 and/or a TSV wafer formed according to the methods
1100-1200 of FIGs. 11-12). In other embodiments, the data file generated by the
transformed PCB design information may have aformat other than a GERBER format.

[0072] The GERBER file 1452 may bereceived a aboard assembly process 1454 and
used to create PCBs, such as arepresentative PCB 1456, manufactured in accordance
with the design information stored within the GERBER file 1452. For example, the
GERBER file 1452 may be uploaded to one or more machines to perform various steps
of a PCB production process. The PCB 1456 may be populated with eectronic
components including the package 1440 to form arepresentative printed circuit

assembly (PCA) 1458.

[0073] The PCA 1458 may bereceived at aproduct manufacture process 1460 and
integrated into one or more electronic devices, such as afirst representative electronic
device 1462 and a second representative electronic device 1464. Asan illustrative, non-
limiting example, the first representative eectronic device 1462, the second
representative electronic device 1464, or both, may be selected from the group of a

cellular phone, awireless local area network (LAN) device, a set top box, amusic



WO 2014/182449 PCT/US2014/035076

- 19 -

player, avideo player, an entertainment unit, anavigation device, a communications
device, apersona digital assistant (PDA), afixed location data unit, and a computer,
into which aTSV wafer that includes an electrostatic discharge diode at aback-side of a
substrate (e.g., the TSV wafer illustrated in FIGs. 1-10 and/or a TSV wafer formed
according to the methods 1100-1200 of FIGs. 11-12) isintegrated. As another
illustrative, non-limiting example, one or more of the electronic devices 1462 and 1464
may beremote units such as mobile phones, hand-held personal communication systems
(PCS) units, portable data units such as personal data assistants, global positioning
system (GPS) enabled devices, navigation devices, fixed location data units such as
meter reading equipment, or any other device that stores or retrieves data or computer
instructions, or any combination thereof. Although FIG. 13 illustrates remote units
according to teachings of the disclosure, the disclosure is not limited to these illustrated
units. Embodiments of the disclosure may be suitably employed in any device which

includes active integrated circuitry including memory and on-chip circuitry.

[0074] A device that includes aTSV wafer that includes an electrostatic discharge diode
at aback-side of asubstrate (e.g., the TSV wafer illustrated in FIGs. 1-10 and/or a TSV
wafer formed according to the methods 1100-1200 of FIGs. 11-12) may be fabricated,
processed, and incorporated into an electronic device, as described in the illustrative
process 1400. One or more aspects of the embodiments disclosed with respect to FIGs.
1-10 may beincluded at various processing stages, such aswithin the library file 1412,
the GDSII file 1426, and the GERBER file 1452, aswell as stored a the memory 1410
of the research computer 1406, the memory 1418 of the design computer 1414, the
memory 1450 of the computer 1446, the memory of one or more other computers or
processors (not shown) used e the various stages, such as at the board assembly process
1454, and also incorporated into one or more other physical embodiments such as the
mask 1432, the die 1436, the package 1440, the PCA 1458, other products such as
prototype circuits or devices (not shown), or any combination thereof. Although
various representative stages are depicted with reference to FIGs. 1-12 to form
electrostatic discharge diodes at aback-side of a TSV wafer, in other embodiments
fewer stages may beused or additional stages may beincluded. Similarly, the process
1400 of FIG. 14 may beperformed by a single entity or by one or more entities

performing various stages of the process 1400.



WO 2014/182449 PCT/US2014/035076

-20 -

[0075] In conjunction with the described embodiments, an apparatus is disclosed that
includes means for sinking electrostatic charges having anegative polarity into a
substrate of athrough-silicon-via (TSV) wafer. The means for sinking the electrostatic
charges having the negative polarity may be located at a back-side of the substrate. For
example, the means for sinking electrostatic charges having the negative polarity may
include the first diode 132 of the TSV wafer depicted in FIGs. 1-10.

[0076] The apparatus also includes means for sinking electrostatic charges having a
positive polarity into the substrate. The means for sinking the electrostatic charges
having the positive polarity located at the back-side of the substrate. The means for
sinking electrostatic charges having the positive polarity may include the second diode
128 of the TSV wafer depicted in FIGs. 1-10.

[0077] Those of skill would further appreciate that the various illustrative logical
blocks, configurations, modules, circuits, and algorithm steps described in connection
with the embodiments disclosed herein may be implemented as electronic hardware,
computer software executed by aprocessor, or combinations of both. Various
illustrative components, blocks, configurations, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or processor executable instructions depends upon the
particular application and design constraints imposed on the overall system. Skilled
artisans may implement the described functionality in varying ways for each particular
application, but such implementation decisions should not be interpreted as causing a

departure from the scope of the present disclosure.

[0078] The steps of amethod or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by aprocessor, or in acombination of the two. A software module
may reside in random access memory (RAM), flash memory, read-only memory
(ROM), programmable read-only memory (PROM), erasable programmable read-only
memory (EPROM), electrically erasable programmable read-only memory (EEPROM),
registers, hard disk, aremovable disk, acompact disc read-only memory (CD-ROM), or
any other form of non-transient storage medium known in the art. An exemplary

storage medium is coupled to the processor such that the processor may read
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information from, and write information to, the storage medium. Inthe alternative, the
storage medium may be integral to the processor. The processor and the storage
medium may reside in an application-specific integrated circuit (ASIC). The ASIC may
reside in acomputing device or auser terminal. Inthe aternative, the processor and the
storage medium may reside as discrete components in acomputing device or user

terminal.

[0079] The previous description of the disclosed embodiments is provided to enable a
person skilled in the art to make or use the disclosed embodiments. Various
modifications to these embodiments will bereadily apparent to those skilled in the art,
and the principles defined herein may be applied to other embodiments without
departing from the scope of the disclosure. Thus, the present disclosure is not intended
to be limited to the embodiments shown herein but is to be accorded the widest scope
possible consistent with the principles and novel features as defined by the following

claims,
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CLAIMS

1 A method comprising:

thinning aback-side of a substrate to expose aportion of afirst viathat is
formed in the substrate; and

forming afirst diode a the back-side of the substrate, wherein the first diode is
coupled to the first via.

2. The method of claim 1, further comprising:

selectively patterning an opening in an isolation layer deposited on the back-side
of the substrate, wherein the opening contacts the substrate; and

depositing aredistribution layer in the opening, wherein the first diode is formed
based on the redistribution layer contacting the substrate in the opening,
and wherein the redistribution layer couples the first diodeto the first

via.

3. The method of claim 1, wherein thinning the back-side of the substrate
further exposes aportion of a second viathat is formed in the substrate, wherein a

second diode is coupled to the second via.

4. The method of claim 3, further comprising:

depositing an n-type semiconductor material on the second via; and

depositing aredistribution layer on the n-type semiconductor material, wherein
the second diode is formed based on the redistribution layer contacting

the n-type semiconductor material.

5. The method of claim 3, wherein the first diode and the second diode have

substantially opposite polarities.
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6. The method of claim 1, wherein the first diode is a Schottky barrier diode.

7. The method of claim 1, wherein the first diode is configured to sink

electrostatic charges into the substrate.

8. A device comprising:

a substrate;

afirst via that extends from aback-side of the substrate; and

afirst diode a the back-side of the substrate, wherein the first diode is coupled
to the first via and sinks electrostatic charges into the substrate.

9. The device of claim 8, wherein the first diode is formed via aredistribution
layer contacting the substrate in an opening of an isolation layer deposited on the

substrate.

10. The device of clam 9, wherein the isolation layer includes at least one of
silicon dioxide (SiCh), silicon nitride (S13N4), silicon oxynitride (SIOxNy), tantalum
pentoxide (Ta20s), aluminum oxide (A1203), duminum nitride (AIN), or a polymeric

insulator.

11. The device of clam 9, wherein the redistribution layer includes a least one

of duminum (Al), copper (Cu), silver (Ag), or tungsten (W).

12. The device of clam 8, further comprising:

asecond via that extends from the back-side of the substrate; and

asecond diode at the back-side of the substrate, wherein the second diode is
coupled to the second via and sinks electrostatic charges into the

substrate.

13. The device of claim 12, wherein the second diode isformed via a
redistribution layer contacting an n-type semiconductor material coupled to the second

via
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14. The device of claim 13, wherein the n-type semiconductor material is one of

indium oxide (In20s) or indium tin oxide (ITO).

15. The device of claim 14, wherein the first via and the second via are metal-

filled vias.

16. The device of claim 15, wherein the metal comprises a least one of copper

(Cu), tungsten (W), silver (Ag), or gold (Au).

17. The device of claim 13, wherein the substrate includes a p-type implantable

substrate.
18. The device of claim 13, wherein the substrate is a silicon substrate.

19. A non-transitory computer-readable medium comprising instructions that,
when executed by aprocessor, cause the processor to:
initiate thinning a back-side of a substrate to expose aportion of afirst viathat is
formed in the substrate; and
initiate forming a first diode at the back-side of the substrate, wherein the first
diode is coupled to the first via.

20. The non-transitory computer-readable medium of claim 19, further
comprising instructions that, when executed by the processor, cause the processor to:
initiate patterning an opening in an isolation layer deposited on the back-side of
the substrate, wherein the opening contacts the substrate; and
initiate depositing aredistribution layer in the opening, wherein the first diode is
formed based on the redistribution layer contacting the substrate in the

opening.

21. The non-transitory computer-readable medium of claim 19, wherein
thinning the back-side of the substrate further exposes a portion of a second viathat is

formed in the substrate.
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22. The non-transitory computer-readable medium of claim 21, further
comprising instructions that, when executed by the processor, cause the processor to:
initiate depositing an n-type semiconductor material on the second via; and
initiate depositing aredistribution layer on the n-type semiconductor material,
wherein a second diode is formed based on the redistribution layer

contacting the n-type semiconductor material.

23. The non-transitory computer-readable medium of claim 19, wherein the

processor isintegrated into an electronic device.

24. An apparatus comprising:

means for sinking electrostatic charges having a negative polarity into a
substrate of athrough-silicon-via (TSV) wafer, the means for sinking the
electrostatic charges having the negative polarity located a aback-side
of the substrate; and

means for sinking electrostatic charges having apositive polarity into the
substrate, the means for sinking the electrostatic charges having a

positive polarity located at the back-side of the substrate.

25. The apparatus of claim 24, further wherein the means for sinking the
electrostatic charges having the negative polarity includes a Schottky barrier diode a
the back-side of the substrate, wherein the Schottky barrier diode is formed by a
redistribution layer contacting the substrate.

26. The apparatus of claim 24, wherein the means for sinking the electrostatic
charges having the negative polarity and the means for sinking the electrostatic charges

having the positive polarity are integrated in at least one semiconductor die.

27. The apparatus of claim 24, further comprising a device selected from a
group of acellular phone, awireless local area network (LAN) device, a set top box, a
music player, avideo player, an entertainment unit, anavigation device, a
communications device, apersona digital assistant (PDA), afixed location data unit,

and a computer, into which the means for sinking the electrostatic charges having the
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negative polarity and the means for sinking the electrostatic charges having the positive
polarity are integrated.

28. A method comprising:
astep for thinning aback-side of a substrate to expose aportion of afirst via that
is formed in the substrate; and

astep for forming afirst diode at the back-side of the substrate, wherein the first
diode is coupled to the first via.

29. The method of claim 28, wherein the step for thinning and the step for

forming are performed by aprocessor integrated into an electronic device.

30. A method comprising:

receiving a data file including design information corresponding to a
semiconductor device; and

fabricating the semiconductor device according to the design information,
wherein the semiconductor device includes:
asubstrate;
afirst via that extends from aback-side of the substrate; and
afirst diode at the back-side of the substrate, wherein the first diode is

coupled to the first via and sinks electrostatic charges into the
substrate.

31 The method of claim 30, wherein the data file has a Graphic Data System
(GDSII) format.

32. The method of claim 30, wherein the data file has a GERBER format.
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diode is coupled to the first via

FIG. 11



WO 2014/182449 PCT/US2014/035076

6/8

f1 202

Thin a back-side of a substrate to expose a portion of a first via that
is formed in the substrate and to expose a portion of a second via
that is formed in the substrate

l f1 204

Deposit an isolation layer on the back surface of the substrate and
planarize the isolation layer

l f1 206

Deposit an n-type semiconductor material on the second via

l f1 208

Selectively pattern an opening in the isolation layer between the
first via and the second via, where the opening contacts the
substrate

l /1210

Deposit a redistribution layer on the n-type semiconductor material,
the isolation layer, the first via, and in the opening, where a first
diode is formed based on the redistribution layer contacting the

substrate in the opening, and where a second diode is formed
based on the redistribution layer contacting the n-type
semiconductor material

FIG. 12
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