
SYSTEMS AND METHODS FOR ENABLING ESD PROTECTION ON 3-D STACKED DEVICES
TECHNICAL FIELD [0001] This disclosure relates generally to electrostatic
discharge (ESD) protection for semiconductor devices, and more
particularly, to systems and methods for enabling ESD protection in 3-D
stacked semiconductor devices. BACKGROUND [0002] In through silicon
stacking (TSS), silicon chips are stacked to form 3-D electronic devices.
In such devices, interconnects between the chips are constructed. These
interconnects often include through silicon vias (TSVs). [0003] Each
circuit on each of the stacked chips requires ESD protection on the
circuit's I/O ports. Unfortunately, ESD protection circuitry has a
relatively large footprint on the silicon. When existing circuitry is split
among multiple chips of a 3-D device, the circuits (and their respective
ESD protection) may be separated. Consequently, ESD protection is provided
on each chip to protect each portion of the circuit split amongst different
chips. As a result, the ESD protection circuitry requires even more space
on the 3-D stacked chips. BRIEF SUMMARY [0004] ESD protection circuitry is
constructed in the vertical space (for example, through silicon vias
(TSVs)) between active layers on different chips of 3-D stacked devices
thereby utilizing space that would otherwise be used only for communication
purposes. The vertical surface area of the through silicon vias absorbs
large ESD events. [0005] In one embodiment, a semiconductor die includes at
least one active circuit within at least one via constructed in a
substrate. [0006] In another embodiment, an ESD protection diode is created
in the vertical dimension between active layers of stacked dies. This ESD
protection diode can be shared by circuitry on both semiconductor dies of
the stack thereby saving space 



and reducing the chip area required by ESD protection circuitry.[0007] In
yet another embodiment, a semiconductor die is constructed having at least
one through silicon via (TSV). The TSV contains at least one active
circuit. The semiconductor die is stacked in a parallel combination with a
second semiconductor die, and the TSV is positioned vertically between
active layers of the stacked dies. [0008] In yet another embodiment, a
method for constructing electrostatic discharge (ESD) protection circuitry
includes arranging a stacked semiconductor device such that through silicon
vias (TSVs) from one semiconductor die of the device are coupled to an
adjacent semiconductor die. Using this arrangement, I/O pads from at least
one of the semiconductor dies can be coupled to electrostatic discharge
(ESD) protection circuitry constructed at least partially within at least
one of the TSVs. [0009] In still another embodiment, a stacked
semiconductor device includes first and second semiconductor dies
positioned in parallel relationship to each other. The device also includes
means for coupling active layers of the positioned dies. The coupling means
includes active elements. [0010] The foregoing has outlined rather broadly
the features and technical advantages of the present invention in order
that the detailed description that follows may be better understood.
Additional features and advantages of the invention will be described
hereinafter which form the subject of the claims of the invention. It
should be appreciated by those skilled in the art that the conception and
specific embodiments disclosed may be readily utilized as a basis for
modifying or designing other structures for carrying out the same purposes
of the present invention. It should also be realized by those skilled in
the art that such equivalent constructions do not depart from the spirit
and scope of the invention as set forth in the appended claims. The novel
features which are believed to be characteristic of the invention, both as
to its organization and method of operation, together with further objects
and advantages will be better understood from the following description
when considered in connection with 



the accompanying figures. It is to be expressly understood, however, that
each of the figures is provided for the purpose of illustration and
description only and is not intended as a definition of the limits of the
present invention.BRIEF DESCRIPTION OF THE DRAWINGS [0011] For a more
complete understanding of the present invention, reference is now made to
the following descriptions taken in conjunction with the accompanying
drawings. [0012] FIGURES IA and IB illustrate conventional ESD protection
circuitry. [0013] FIGURES 2A and 2B are cross section views showing one
embodiment. [0014] FIGURES 3A through 3G are cross section views showing
embodiments of a process for constructing the device shown in FIGURES 2A
and 2B. [0015] FIGURE 4 is a cross section view showing yet another
embodiment. DETAILED DESCRIPTION [0016] FIGURES IA and IB illustrate
conventional ESD protection circuitry. FIGURE IA shows a portion of a
device 10 in which an I/O pad 11 accepts a high voltage or a high current
discharge, such as could occur with an ESD event. In order to protect the
circuitry 14 from negative effects of an ESD event, a surge diode 12
discharges the excess voltage to Vdd. In some cases, for example when a
negative high voltage (or current) event occurs, a diode 100 discharges the
excess voltage to Vss or ground. Typically the diodes 12, 100 are quite
large. [0017] FIGURE IB shows a typical diode structure 100 having a P
section 102 and an N section 101. These diode structures 100 are large in
order to handle the relatively large voltages involved with ESD events. One
of these diodes is generally associated with every I/O pad. [0018] FIGURES
2A and 2B show one embodiment of the present disclosure. FIGURE 2A shows a
device 20 having dies 2 1 and 22 in a stacked parallel 



relationship with each other, and having an ESD protection device 200. The
top die 2 1 has its backing layer 21-1 positioned on top of its face
(active layer) layer 21-2. The bottom die 22 is positioned in the same
orientation with its backing layer 22-1 on top of its face (active layer)
layer 22-2. Note that each die can have any desired orientation and the
concepts taught herein can still be applied.[0019] Through silicon vias
(TSVs) 23 are constructed in the backing layer 22-1 between the active
surfaces 21-2, 22-2 of the dies 21, 22 to carry inter-die communication, as
desired. One or more of these vias 23 are constructed as a vertical ESD
protection device, such as device 200, having one or more diodes. In this
context, vertical means perpendicular to the plane of the dies the ESD
protection device 200 is designed to protect. The vertical ESD protection
device 200 can be constructed fully on one chip, or partially on each chip
of two adjacent stacked chips. Also, the vertical device 200 need not be
exactly perpendicular to the longitudinal area of the chips 21, 22 but
could be slanted, or even partially parallel to the stacked chips 21, 22 in
the area. [0020] FIGURE 2B illustrates one such vertically constructed
device 200 having a pair of diodes 201 and 202. The diode 201 is shown
having P-material 27 surrounding N-material 24 and the diode 202 is shown
having N-material 26 surrounding P-material 27. An insulator 25 separates
each diode 201, 202 from the semiconductor substrate 28. Electrode
connections 29 are shown to enable access to the N and P sections. Note
that while diodes are being discussed in this embodiment, transistors or
other active elements could be constructed as desired. [0021] The thickness
of the silicon forming these diodes 201, 202, in one embodiment, is between
20 and 100 micro-meters, thereby making the diodes 201, 202 relatively
large, and able to withstand the voltages of electrostatic discharge (ESD)
events. The effective diode area is increased by using the surface area
around the circumference of the via, which may be substantially
cylindrically shaped, in one embodiment. In other words, using 3-D
construction, rather than standard 2-D diode construction increases the
overall active area while using the same amount of chip 'real estate'. Note
that when the dies 21, 22 are stacked, as shown in FIGURE 2A, both dies 



21, 22 can share a common set of ESD diodes 201, 202. Also, one diode can
be constructed on one chip while the other diode, (or other portions of one
or more diodes) could be constructed on the other chip. [0022] FIGURES 3A
through 3G show embodiments of a process for constructing the diodes within
the through silicon vias (TSVs) with respect to the embodiments shown in
FIGURES 2A and 2B. [0023] FIGURE 3A shows a via constructed by etching.
Then, the insulator material 25 is deposited over the silicon 30 (or other
semiconductor material).[0024] FIGURE 3B shows the N-material 26 deposited
into both diode spaces, on top of the insulator material 25. [0025] FIGURE
3C shows the N-material 26 selectively etched away (in this example) from
the left diode or space. N-material 26 remains within the right diode
space. [0026] FIGURE 3D shows the P-material 27 deposited within the left
diode space and the P-material 27 also deposited within the right diode
space. [0027] FIGURE 3E shows the N-material 24 is deposited within both
the left and right diodes spaces. [0028] FIGURE 3F shows excess material
polished or otherwise removed to yield PN and NP diodes. In another
embodiment, NP and PN transistors (or other active elements) are created in
the "diode spaces," instead of the NP and PN diodes described above. [0029]
Normal circuitry of an active layer 31 can then be fabricated in a well
known manner. An oxide deposition (not shown) insulates the fabricated
circuitry. Contacts 301, 302, 303 and 304 can then be formed so the diodes
are accessible . These contacts can be formed in many ways and if desired
can be wires, pads or combinations thereof. For example, the pads 302, 303
can be I/O pads, the contact 301 can couple to Vdd and the contact 304 can
couple to Vss, as seen in FIGURE 4. [0030] According to an embodiment, the
area of the PN or NP diodes is sufficient to safely handle (dissipate)
electrostatic discharges. These discharges can be 



on the order of 100 volts to several thousand volts. [0031] FIGURE 3G shows
the TSVs exposed from the back (bottom) by back grinding. An insulating
layer (not shown) is then deposited and a via is etched so that connections
to the back side of the diodes are possible using die to die connections
405 (FIGURE 4). Using this back side connection, normal circuitry on the
active layer of another stacked die 400 (FIGURE 4) can couple to the TSVs
and benefit from ESD protection on another die. In another embodiment, the
connection from the back side enables the diodes to be coupled to a ground.
This embodiment can be useful when analog circuitry exists in the 3-D
device and noise impact should be reduced. [0032] Referring to FIGURE 4,
protection of an internal circuit 410 by diodes 201, 202 within vias is now
explained. The internal circuit 410 receives signals from the PAD 420. If
the voltage of the received signal is too low, the right side diode201
connected to Vss turns on and current will flow from the PAD 420 to Vss. If
the voltage is too high, the diode 202 turns on and the current flows from
the PAD 420 to Vdd. If the voltage is acceptable (e.g., no ESD event has
occurred), the internal circuit 410 receives the signal from the PAD 420.
[0033] Note that the processes illustrated are typical processes in
semiconductor fabrication and any well-known technique can be used to form
the ESD protection device in a vertical direction between active layers of
a semiconductor device. Also note that while the discussion herein has
focused on ESD protection devices being constructed in the vias, other
device types can also be so constructed. Power management devices and
circuitry are but one of the types of devices that can be constructed using
the teachings of this disclosure. Further note that in some situations a
portion of the active device can be constructed on the die in which the via
is constructed. [0034] Although the present invention and its advantages
have been described in detail, it should be understood that various
changes, substitutions and alterations can be made herein without departing
from the spirit and scope of the invention as defined by the appended
claims. Moreover, the scope of the present 



application is not intended to be limited to the particular embodiments of
the process, machine, manufacture, composition of matter, means, methods
and steps described in the specification. As one of ordinary skill in the
art will readily appreciate from the disclosure of the present invention,
processes, machines, manufacture, compositions of matter, means, methods,
or steps, presently existing or later to be developed that perform
substantially the same function or achieve substantially the same result as
the corresponding embodiments described herein may be utilized according to
the present invention. Accordingly, the appended claims are intended to
include within their scope such processes, machines, manufacture,
compositions of matter, means, methods, or steps.CLAIMS What is claimed is:
1. A semiconductor die comprising: at least one active circuit within at
least one via constructed in a substrate on a first semiconductor die. 2.
The semiconductor die of claim 1 in which the first semiconductor die is
stacked in combination with another semiconductor die and wherein the
active circuit is positioned between active layers of the stacked dies. 3.
The semiconductor die of claim 2 wherein the active circuit is coupled to
I/O pads from both of the stacked semiconductor dies. 4. The semiconductor
die of claim 1 wherein the active circuit is part of an electrostatic
discharge (ESD) protection device. 5. The semiconductor die of claim 4
wherein the ESD protection device contains P/N junctions having sufficient
area to safely dissipate electrostatic discharges. 6. A 3-D stacked
semiconductor device comprising: first and second semiconductor dies
stacked relative to each other; at least one through silicon via (TSV)
constructed to extend substantially between active layers of the first and
second semiconductor dies; and active circuitry constructed at least
partially within the at least one through 



silicon via. 7. The device of claim 6 wherein the active circuitry
comprises semiconductor devices. 8. The device of claim 6 wherein the
active circuitry comprises at least one electrostatic discharge (ESD)
protection device.9. The device of claim 6 wherein the active circuitry
comprises P/N junction devices. 10. The device of claim 6 wherein the
active circuitry is constructed in both of the semiconductor dies. 11. A
method for constructing a semiconductor device, the method comprising:
constructing a first semiconductor die having therein at least one through
silicon via (TSV), the through silicon via containing at least one active
circuit; and stacking the first semiconductor die with a second
semiconductor die such that the through silicon via extends between active
layers of the first and second semiconductor dies. 12. The method of claim
11 further comprising: coupling circuitry fabricated in the first
semiconductor die to the at least one active circuit. 13. The method of
claim 12 further comprising: coupling circuitry fabricated in the second
semiconductor die to the at least one active circuit. 14. The method of
claim 13 wherein the coupling from the second semiconductor die is addition
to the coupling from the first semiconductor die. 15. The method of claim
11 wherein the active circuit comprises: an electrostatic discharge (ESD)
protection circuit. 16. The method of claim 15 wherein the ESD protection
circuit comprises a diode.17. A method for electrostatic discharge
protection in stacked semiconductor devices, the method comprising: 



coupling through silicon vias (TSVs) from a portion of one semiconductor
die of the semiconductor device to a portion of an adjacent semiconductor
die, the coupling comprising: coupling I/O pads from at least one of the
semiconductor dies to electrostatic discharge (ESD) protection circuitry
constructed at least partially within at least one of the TSVs. 18. The
method of claim 17 further comprising: coupling I/O pads from a second one
of the semiconductor dies to the ESD protection circuitry. 19. The method
of claim 18 wherein the ESD protection circuitry comprises: a diode. 20. A
stacked semiconductor device comprising: first and second semiconductor
dies positioned in parallel relationship to each other; and means for
coupling active layers of the positioned dies, the coupling means including
active elements, . 21. The device of claim 20 wherein the constructing
means comprises: at least one through silicon via (TSV) having contained
therein the active elements. 22. The device of claim 2 1 wherein the active
elements have enough area to safely dissipate electrostatic discharges
occurring on either of the semiconductor dies. 


