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INTEGRATED CIRCUIT DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of Taiwanese appli-
cation no. 101100310, filed on Jan. 4, 2012.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] This invention relates to an integrated circuit device,
more particularly a three-dimensional integrated circuit
device.

[0004] 2. Description of the Related Art

[0005] 1In general, an integrated circuit (IC) device has an
equivalent circuit as shown in FIG. 1. A conventional IC
device includes a main circuit 12, a protective circuit 13, and
a solder pad unit 14. The main circuit 12 may be a memory or
a logic circuit which can perform logic operation. The pro-
tective circuit 13 is normally formed around the main circuit
12 to protect the main circuit 12. The solder pad unit 14 is
electrically connected to the protective circuit 13 to transmit
an external electric signal. The protective circuit 13, based on
the position thereof and the design of the IC device, may
protect the main circuit 12 from electrostatic damage, may
serve as a buffer circuit, or may limit a current passing to the
main circuit 12.

[0006] A conventional IC device shown in FIG. 2 includes
a substrate 11, the main circuit 12 formed on a central portion
of the substrate 11, the protective circuit 13 formed on a
peripheral portion of the substrate 11 to surround the main
circuit 12, and a solder pad unit 14 electrically connected to
the main circuit 12 and the protective circuit 13. Because the
main circuit 12 and the protective circuit 13 are formed on the
same substrate 11, the main circuit 12 and the protective
circuit 13 should be spaced apart from each other by a prede-
termined spacing (S) so as to prevent the main circuit 12 from
being adversely affected by a pulse current in the protective
circuit 13. The pulse current may be generated from external
charges or residual electrostatic charges in the protective
circuit 13. Besides, the main circuit 12 may be further pro-
vided with a parasitic element for protection against the pulse
current from the protective circuit 13. However, if the pulse
current passes through an amplifier in the main circuit 12 to
produce an unexpectedly large current, it may result in over-
heating and failure of the IC device.

[0007] Inorder to prevent overheating and failure of the IC
device, IC design rules have specified a spacing between the
main circuit 12 and the protective circuit is with respect to IC
devices having different dimensions, such as 0.13 microme-
ter, 65 nanometers, 45 nanometers, etc.

[0008] However, the IC devices are currently under the
trend of miniaturization, and thus preservation of the spacing
in the IC device has become a bottleneck in miniaturization of
the IC devices.

SUMMARY OF THE INVENTION

[0009] Therefore, an object of the present invention is to
provide an integrated circuit device that has a reduced area.

[0010] Accordingly, an integrated circuit device of this
invention comprises: a first chip including a first substrate and
a main circuit formed on the first substrate; a second chip
stacked on the first chip and including a second substrate that
is independent from the first substrate, and a protective circuit
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for protecting the main circuit, the protective circuit being
formed on the second substrate; and a conductive channel unit
extending from the protective circuit and electrically con-
nected to the main circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Other features and advantages of the present inven-
tion will become apparent in the following detailed descrip-
tion of the preferred embodiments of the invention, with
reference to the accompanying drawings, in which:

[0012] FIG. 1 is an equivalent circuit diagram of an inte-
grated circuit device;

[0013] FIG. 2 is a schematic diagram of a conventional
integrated circuit device;

[0014] FIG. 3 is a schematic diagram of the first preferred
embodiment of an integrated circuit device according to this
invention;

[0015] FIG. 4 is a schematic diagram of the second pre-
ferred embodiment of an integrated circuit device according
to this invention; and

[0016] FIG. 51s a schematic diagram of the third preferred
embodiment of an integrated circuit device according to this
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0017] Before the present invention is described in greater
detail, it should be noted herein that like elements are denoted
by the same reference numerals throughout the disclosure.
[0018] Referring to FIG. 3, the first preferred embodiment
of an integrated circuit (IC) device according to this invention
is shown to include a first chip 21, a second chip 22, and a
conductive channel unit 23. Because the IC device of this
invention has the same equivalent circuit as that of the con-
ventional IC device, and thus, FIG. 1 can also represent the
equivalent circuit of the IC device of this invention.

[0019] The first chip 21 includes a first substrate 211 and a
main circuit 212 formed on the first substrate 211. In this
embodiment, the first substrate 211 is mainly made of a
p-type silicon wafer material. However, the material of the
first substrate 211 should not be limited to the silicon wafer
material, and may be a Group 111-V wafer material such as
gallium nitride.

[0020] The main circuit 212 is formed on a top side of the
first substrate 211, and includes a first semiconductor struc-
ture 213, a first wiring structure 214, and a first dielectric layer
216. The first semiconductor structure 213 is formed on the
first substrate 211. The first wiring structure 214 extends from
the first semiconductor structure 213 along a direction oppo-
sitely of the first substrate 211, is electrically connected to the
conductive channel unit 23, and includes a plurality of first
wirings 215 each of which is made of metal. The first dielec-
tric layer 216 is formed on the first semiconductor structure
213 and disposed among the first wirings 215 of the first
wiring structure 214, and is mainly made of an electrically
insulating material.

[0021] Inthe first preferred embodiment, the first semicon-
ductor structure 213 of the main circuit 212 has an n-type
transistor 31 and a p-type transistor 32 electrically connected
to the n-type transistor 31. The n-type transistor 31 has a gate
electrode 311, a source electrode 312, and a drain electrode
313. The source electrode 312 and the drain electrode 313 are
n-doped, and are respectively disposed at two opposite sides
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of the gate electrode 311. The p-type transistor 32 has an
n-type well region 324 disposed proximate to the n-type
transistor 31, a gate electrode 321 disposed on the well region
324, a source electrode 323, and a drain electrode 322. The
source electrode 323 and the drain electrode 322 are p-doped,
and are respectively formed in the well region 324 at two
opposite sides of the gate electrode 321. The drain electrode
313 of the n-type transistor 31 and the drain electrode 322 of
the p-type transistor are disposed adjacent to each other and
are electrically connected to each other.

[0022] The first wirings 215 are divided into first to three
portions 2151, 2152, 2153. The first portion 2151 is electri-
cally connected to the gate electrode 311 of the n-type tran-
sistor 31 and the gate electrode 321 of the p-type transistor 32,
The second portion 2152 is electrically connected to the
source electrode 323 of the p-type transistor 32. The third
portion 2153 is electrically connected to the source electrode
312 of the n-type transistor 31.

[0023] The second chip 22 is stacked over the main circuit
212 oppositely of the first substrate 211, and includes a sec-
ond substrate 221 independent from the first substrate 211,
and a protective circuit 222 for protecting the main circuit
212. In this embodiment, the second substrate 221 is mainly
made of a p-type silicon wafer material. However, the mate-
rial of the second substrate 221 should not be limited to the
silicon wafer material, and may be a Group 1II-V wafer mate-
rial (such as gallium nitride) or a stack of layers of silicon-
silicon oxide-silicon.

[0024] The protective circuit 222 is formed on a top side of
the second substrate 221, and includes a second semiconduc-
tor structure 223, a second wiring structure 224, and a second
dielectric layer 226. The second semiconductor structure 223
is formed on the second substrate 221. The second wiring
structure 224 extends from the second semiconductor struc-
ture 223 along a direction oppositely of the second substrate
221, is electrically connected to the conductive channel unit
23, and includes a plurality of second wirings 225 each of
which is made of metal. The second dielectric layer 226 is
formed on the second semiconductor structure 223 and dis-
posed among the second wirings 225 of the second wiring
structure 224, and is mainly made ofan electrically insulating
material.

[0025] In the first preferred embodiment, the second semi-
conductor structure 223 of the protective circuit 222 has an
n-type transistor 33 and a p-type transistor 34 electrically
connected to the n-type transistor 33. The n-type transistor 33
has a gate electrode 331, a source electrode 332 and a drain
electrode 333. The source electrode 332 and the drain elec-
trode 333 are n-doped, and are respectively disposed at two
opposite sides of the gate electrode 331. The p-type transistor
34 has an n-type well region 344 disposed adjacent to the
n-type transistor 33, agate electrode 341 disposed on the well
region 344, a source electrode 343, and a drain electrode 342.
The source electrode 343 and the drain electrode 342 are
p-doped, and are respectively formed in the well region 344 at
two opposite sides of the gate electrode 341. The drain elec-
trode 333 of the n-type transistor 33 is electrically connected
to the drain electrode 342 of the p-type transistor 34.

[0026] Thesecond wirings 225 are divided into first to three
portions 2251, 2252, 2253. The first portion 2251 is electri-
cally connected to the drain electrode 333 of the n-type tran-
sistor 33 and the drain electrode 342 of the p-type transistor
32. The second portion 2252 is electrically connected to the
gate electrode 341 and the source electrode 343 of the p-type
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transistor 32. The third portion 2253 is electrically connected
to the gate electrode 331 and the source electrode 332 of the
n-type transistor 33.

[0027] The conductive channel unit 23 extends from the
protective circuit 222, and is disposed to establish direct
electrical contact with the first wiring structure 214 of the
main circuit 212. In the first preferred embodiment, the con-
ductive channel unit 23 is formed by virtue of a through
silicon via (TSV) technique. In such technique, the first and
second chips 21, 22 are etched to form a through hole, fol-
lowed by filling conductive material into the through hole. In
this embodiment, the conductive channel unit 23 includes
first to third conductive channels 231, 232, 233 that are
spaced apart from each other and that are made of metal. The
first conductive channel 231 electrically connects the first
portion 2151 of the first wirings 215 to the first portion 2251
of the second wirings 225. The second conductive channel
232 electrically connects the second portion 2152 of the first
wirings 215 to the second portion 2252 of the second wirings
225. The third conductive channel 233 electrically connects
the third portion 2153 of the first wirings 215 to the third
portion 2253 of the second wirings 225.

[0028] Preferably, the IC device further includes a coupling
unit 25 that is made of silicon oxide and that couples the first
and second chips 21, 22 together. In the first preferred
embodiment, the first to third conductive channels 231, 232,
233 are disposed to establish direct electrical contact with the
first to third portions 2151, 2152, 2153 of the first wirings
215, respectively. The coupling unit 25 has two coupling
members 250, each of which is disposed between the main
circuit 212 and the second substrate 221, and each of which is
disposed between a respective adjacent pair of the first to third
conductive channels 231, 232, 233.

[0029] Indetail, each of the coupling members 250 couples
a portion of a top surface of the first dielectric layer 216
oppositely of the first substrate 211 to a portion of a bottom
surface of the second substrate 221 oppositely of the protec-
tive circuit 222, thereby securely bonding the first chip 21 to
the second chip 22.

[0030] In the first preferred embodiment, the IC device
further includes a solder pad unit 24 for connecting to an
external power source and disposed to establish direct elec-
trical contact with the second wiring structure 224 opposite to
the second substrate 221.

[0031] Inthis embodiment, the solder pad unit 24 includes
an input/output pad (1/0 pad) 241, a power pad (Vdd pad)
242, and a ground pad (Vss pad) 243. The [/O pad 241 is
electrically connected to the first conductive channel 231, and
is adapted to be connected to an external signal source for
transmitting an electrical signal. The power pad 242 is elec-
trically connected to the second conductive channel 232, and
is adapted to be connected to a positive voltage node for
transmitting power. The ground pad 243 is electrically con-
nected to the third conductive channel 233 and is adapted to
be connected to a reference voltage node.

[0032] Inthe maincircuit 212 of the first chip 21, the n-type
transistor 31 and the p-type transistor 32 are connected in
series. The gate electrodes 311 and 321 of the n-type transis-
tor 31 and the p-type transistor 32 are controlled by an I/O
signal transmitted from the /O pad 241. In the protective
circuit 222 of the second chip 22, the n-type transistor 33 and
the p-type transistor 34 are connected in series. The gate
electrodes 333 and 342 of the n-type transistor 33 and the
p-type transistor 34 are controlled by an /O signal transmit-
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ted from the I/O pad 241 so as to adjust a potential difference
between the gate electrode 341/the source electrode 343 and
the drain electrode 342, and a potential difference between
the gate electrode 331/the source electrode 332 and the drain
electrode 333.

[0033] Inanideal operationofapart ofthe main circuit212,
a positive voltage is transmitted from the power pad 242 to the
p-type transistor 32 of the main circuit 212, the ground pad
243 grounds the source electrode 312 of the n-type transistor
31, and the operation of the n-type transistor 31 or the p-type
transistor 32 is controlled by the I/O signal transmitted from
the I/O pad 241. At the same time, in a part of the protective
circuit 222, the positive voltage from the power pad 242 is
transmitted to the p-type transistor 34, the ground pad 243
grounds the source electrode 332 of the n-type transistor 33,
and the operation of the n-type transistor 33 or the p-type
transistor 34 is controlled by the I/O signal transmitted from
the I/O pad 241. As such, positive charges accumulated in the
solder pad unit 24 can be pulled up through the protective
circuit 222 and be guided to the external surroundings
through the power pad 242. At this moment, the protective
circuit 222 serves as a pull up circuit. On the other hand,
negative charges accumulated between the solder pad unit 24
and the protective circuit 222 can be pulled down and be
guided to the external surroundings. At this moment, the
protective circuit 222 serves as a pull down circuit. Accord-
ingly, the main circuit 212 of the first chip 21 can be protected
from being damaged by the charges.

[0034] During normal operation of an IC device, an n-p-n-p
parasitic thyristor is inevitably produced between the n-type
transistor 31 and the p-type transistor 32 in the main circuit
212 of'the first chip 21. When a pulse current flows to the main
circuit 212, the n-p-n-p parasitic thyristor may serve as an
amplifier to produce an unexpectedly large current through a
latch-up effect, thereby resulting in overheating and failure of
the IC device. With the protective circuit 222 of the second
chip 22, parasitic diodes are generated to prevent the IC
device of this invention from being destroyed by the n-p-n-p
parasitic thyristor.

[0035] In the IC device of this invention, when the pulse
current is generated due to the presence of electrostatic
charges, the pulse current will not flow to the main circuit 212
since the main circuit 212 and the protective circuit 222 are
respectively formed on different substrates (i.e., the first and
second substrates 211, 221). Thus, the main circuit 212 can
avoid interference of the pulse current and maintain normal
operation, and the problems of overheating and failure of the
IC device due to an insufficient spacing between the main
circuit 212 and the protective circuit 222 can be overcome.
Besides, by stacking the second chip 22 (the protective circuit
222) over the first chip 21 (the main circuit 212), an occupied
area of the IC device in an electronic apparatus can be greatly
reduced.

[0036] It should be noted that, in this embodiment, the
protective circuit 222 is exemplified as a device for preventing
latch-up, but should not be limited thereto. The protective
circuit 222 can be any device for different protection pur-
poses, and may be an n-type transistor, a p-type transistor, or
adiode. The main circuit 212 may also bea transistor, a diode,
or a resistor.

[0037] FIG. 4 illustrates the second preferred embodiment
of the integrated circuit device according to this invention.
The second preferred embodiment differs from the first pre-
ferred embodiment in that the coupling unit is made of metal,
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and electrically connects the conductive channel unit 23 to the
first wiring structure 214. The coupling unit 25 includes first
to third coupling members 251, 252 and 253. The first to three
portions 2151, 2152 and 2153 of the first wirings 215 are
respectively and electrically connected to the first to third
conductive channels 231, 232 and 233 of the conductive
channel unit 23 through the first to third coupling members
251, 252 and 253, respectively.

[0038] FIG. Sillustrates the integrated circuit device of the
third preferred embodiment according to this invention. The
third preferred embodiment differs from the second preferred
embodiment in that the main circuit 212 is formed on a top
side of'the first substrate 211, and the protective circuit 222 is
formed on a bottom side of the second substrate 221. Besides,
the solder pad unit 24 is disposed on the second substrate 221
oppositely of the second wiring structure 224, and is electri-
cally connected to the main circuit 212 and the protective
circuit 222 through the conductive channel unit 23. The sec-
ond wiring structure 224 is electrically connected to the sol-
der pad unit 24 through the conductive channel unit 23.
[0039] While the present invention has been described in
connection with what are considered the most practical and
preferred embodiments, it is understood that this invention is
not limited to the disclosed embodiments but is intended to
cover various arrangements included within the spirit and
scope of the broadest interpretations and equivalent arrange-
ments.

What is claimed is:

1. An integrated circuit device comprising:

a first chip including a first substrate and a main circuit
formed on said first substrate;

a second chip stacked on said first chip and including a
second substrate that is independent from said first sub-
strate, and a protective circuit for protecting said main
circuit, said protective circuit being formed on said sec-
ond substrate; and

a conductive channel unit extending from said protective
circuit and electrically connected to said main circuit.

2. The integrated circuit device of claim 1, wherein:

said main circuit includes a first semiconductor structure
formed on said first substrate, a first wiring structure
extending from said first semiconductor structure and
electrically connected to said conductive channel unit,
and a first dielectric layer formed on said first semicon-
ductor structure and disposed among said first wiring
structure; and

said protective circuit includes a second semiconductor
structure formed on said second substrate, a second wir-
ing structure extending from said second semiconductor
structure and electrically connected to said conductive
channel unit, and a second dielectric layer formed on
said second semiconductor structure and disposed
among said second wiring structure.

3. The integrated circuit device of claim 1, wherein said

conductive channel unit is made of metal.

4. The integrated circuit device of claim 2, wherein each of
said first and second dielectric layers is made of an electri-
cally insulating material.

5. The integrated circuit device of claim 2, further com-
prising a coupling unit made of silicon oxide and coupling
said first and second chips together, said second chip being
stacked over said main circuit oppositely of said first sub-
strate, said conductive channel unit being disposed to estab-
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lish direct electrical contact with said first wiring structure,
said coupling unit being disposed between said main circuit
and said second substrate.

6. The integrated circuit device of claim 2, further com-
prising a coupling unit made of metal, coupling said first and
second chips together, and electrically connecting said con-
ductive channel unit to said first wiring structure.

7. The integrated circuit device of claim 2, wherein said
main circuit is formed on a top side of said first substrate, and
said protective circuit is formed on a top side of said second
substrate.

8. The integrated circuit device of claim 7, further com-
prising a solder pad unit for connecting to an external power
source, and disposed to establish direct electrical contact with
said second wiring structure opposite to said second sub-
strate.

9. The integrated circuit device of claim 2, wherein said
main circuit is formed on a top side of said first substrate, and
said protective circuit is formed on a bottom side of said
second substrate.

10. The integrated circuit device of claim 9, further com-
prising a solder pad unit for connecting to an external power
source and disposed on said second substrate oppositely of
said second wiring structure, said second wiring structure
being electrically connected to said solder pad unit through
said conductive channel unit.
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