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(57) ABSTRACT 

Methods for constructing three dimensional integrated cir 
cuits and related systems are disclosed. In one aspect, a first 
tier is constructed by creating active elements such as tran 
sistors on a holding Substrate. An interconnection metal layer 
is created above the active elements. Metal bonding pads are 
created within the interconnection metal layer. A second tier 
is also created, either concurrently or sequentially. The sec 
ond tier is created in much the same manner as the first tier and 
is then placed on the first tier, such that the respective metal 
bonding pads align and are bonded one tier to the other. The 
holding substrate of the second tier is then released. A back 
side of the second tier is then thinned, such that the back 
Surfaces of the active elements (for example, a back of a gate 
in a transistor) are exposed. Additional tiers may be added if 
desired essentially repeating this process. 
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METHODS FOR CONSTRUCTING THREE 
DIMENSIONAL (3D) INTEGRATED 

CIRCUITS (ICS) (3DICS) AND RELATED 
SYSTEMS 

PRIORITY APPLICATION 

0001. The present application claims priority to and is a 
division of U.S. patent application Ser. No. 14/280,731, filed 
on May 19, 2014 and entitled “THREE DIMENSIONAL 
(3D) INTEGRATED CIRCUITS (ICs) (3DICs) AND 
RELATED SYSTEMS, which is incorporated herein by ref 
erence in its entirety. 

BACKGROUND 

0002 I. Field of the Disclosure 
0003. The technology of the disclosure relates generally to 
the manufacture of three dimensional (3D) integrated circuits 
(ICs) (3DICs). 
0004 II. Background 
0005 Mobile communication devices have become preva 
lent incurrent society. The prevalence of these mobile devices 
is driven in part by the many functions that are now enabledon 
Such devices. Demand for Such functions increases process 
ing capability requirements and generates a need for more 
powerful batteries. Within the limited space of a housing of a 
mobile communication device, batteries compete with pro 
cessing circuitry. The limited space contributes pressure for 
continued miniaturization of components, and the space con 
strained batteries generates pressure for reduced power con 
sumption by the circuitry. While miniaturization has been of 
particular concern in the integrated circuits (ICs) of mobile 
communication devices, efforts at miniaturization of ICs in 
other devices, such as desk top computers, have also 
occurred. 
0006. Historically, elements within an IC have all been 
placed in a single two dimensional (2D) active layer with 
elements interconnected through one or more metal layers 
that are also within the IC. Efforts to miniaturize ICs are 
reaching their limits in 2D spaces and thus, design thoughts 
have moved to three dimensions. While there have been 
efforts to connect two or more ICs through a separate set of 
metal layers outside the IC proper, that solution is not prop 
erly a three dimensional (3D) approach. Another proposal has 
been to stack two IC chips atop one another with connections 
made between the two IC chips through solder bumps (for 
example, the so called “flip chip' format). The flip chip for 
mat is sometimes referred to as a system in package (SIP) 
solution. There are other SIP solutions that stack IC chips 
atop one another with connections made between the chips 
with through silicon vias (TSVs). While arguably the flip chip 
and TSV aspects represent 3D solutions, the amount of space 
required to effectuate the flip chip remains large. Likewise, 
the space required to implement the TSV relative to the over 
all size of the chip becomes space prohibitive. 
0007 While there are several techniques that allow cre 
ation of a three dimensional integrated circuit (3DIC), each 
technique includes one or more drawbacks which makes use 
of the technique Sub-optimal. For example, selective epitaxial 
layer growth is quite expensive to the point of being not 
commercially viable. Another technique uses a low tempera 
ture bonding process to effect a single crystal IC wafer trans 
fer with subsequent active elements created on the transferred 
wafer. Such low temperature bonding may include oxide 
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bonding and ion-cutting techniques, but processing wafers 
after transfer using these techniques will require low tempera 
ture (sub-500°C.) processing steps. Wafer processing at these 
low temperatures is challenging. Also, accidentally broken 
wafers may result in copper damage to the processing tool 
from copper interconnects within the IC. Thus, there remains 
a need for more options in fabricating 3DICs. 

SUMMARY OF THE DISCLOSURE 

0008 Aspects disclosed in the detailed description 
include methods for constructing three dimensional (3D) 
integrated circuits (ICs) (3DICs) and related systems. In 
exemplary aspects of the present disclosure, a first tier of a 
3DIC is constructed by creating active elements, such as 
transistors, on a holding Substrate. An interconnection metal 
layer is created above the active elements. Metal bonding 
pads are created within the interconnection metal layer. A 
second tier is also created. The second tier is created in much 
the same manner as the first tier and is then placed on the first 
tier, Such that the respective metal bonding pads align and are 
bonded one tier to the other. The holding substrate of the 
second tier is then released. A back side of the second tier is 
then thinned, such that the back surfaces of the active ele 
ments (for example, a back of a gate in a transistor) are 
exposed. Additional tiers may be added if desired essentially 
repeating this process. 
0009 Creating the tiers separately before bonding allows 
higher temperatures to be used in the creation of the active 
elements, which in turn provides greater flexibility in the 
creation of the active elements. The relatively low tempera 
ture bonding of the two tiers reduces the likelihood of metal 
damage from heating the metal layers. Likewise, during 
bonding, the existing active elements are not subjected to 
additional heating that might damage Such active elements. 
By thinning the second tier, Small vias may be created cou 
pling additional metal layers within the tiers. The small vias 
allow a greater density of vias to be created without undue 
area penalties. Further, the thinned second layer allows a back 
gate bias to be provided to the transistors, which provides 
additional flexibility in circuit design. 
0010. In this regard of one aspect a method of forming a 
3DIC is disclosed. The method comprises forming a first tier. 
The first tier is formed by providing a first holding substrate. 
The first tier is further formed by forming a first transistor 
above the first holding substrate. The first tier is further 
formed by forming a first interconnection metal layer above 
the first transistor including a first metal bonding pad. The 
method also comprises forming a second tier. The second tier 
is formed by providing a second holding Substrate. The sec 
ond tier is also formed by forming a second transistor above 
the second holding substrate. The second tier is also formed 
by forming a second interconnection metal layer above the 
second transistor including a second metal bonding pad. The 
method also comprises bonding the first metal bonding pad to 
the second metal bonding pad. The method also comprises 
releasing the second holding Substrate and exposing a second 
back Surface of a second gate of the second transistor. 
0011. In another aspect, a method of forming a 3DIC is 
disclosed. The method comprises forming a first tier. The first 
tier is formed by providing a first holding substrate. The first 
tier is also formed by forming a first transistor above the first 
holding substrate. The first tier is also formed by forming a 
first metal layer above the first transistor. The first tier is also 
formed by bonding a first supporting substrate to the first tier 
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above the first metal layer. The first tier is also formed by 
releasing the first holding Substrate and exposing a first back 
surface of a first gate of the first transistor. The first tier is also 
formed by adding a first interconnection metal layer above the 
first back Surface of the first gate including a first metal 
bonding pad. The method also comprises forming a second 
tier. The second tier is formed by providing a second holding 
Substrate. The second tier is also formed by forming a second 
transistor above the second holding substrate. The second tier 
is also formed by forming a second interconnection metal 
layer above the second transistor including a second metal 
bonding pad. The method also comprises bonding the first 
metal bonding pad to the second metal bonding pad. The 
method also comprises releasing the second holding Substrate 
and exposing a second back Surface of a second gate of the 
second transistor. 

0012. In another aspect, a 3DIC is disclosed. The 3DIC 
comprises a first tier. The first tier comprises a first holding 
Substrate. The first tier also comprises a first transistor posi 
tioned above the first holding substrate. The first tier also 
comprises a first interconnection metal layer positioned 
above the first transistor, wherein the first interconnection 
metal layer comprises a first metal bonding pad. The 3DIC 
also comprises a second tier. The second tier comprises a 
second interconnection metal layer comprising a second 
metal bonding pad bonded to the first metal bonding pad. The 
second tier also comprises a second transistor positioned 
above the second interconnection metal layer, the second 
transistor comprising a second gate and a second gate back 
Surface. The second tier also comprises a second back gate 
bias positioned above and proximate the second gate back 
Surface. 

0013. In another aspect, a 3DIC is disclosed. The 3DIC 
comprises a first tier. The first tier comprises a first holding 
substrate. The first tier also comprises a first interconnection 
metal layer positioned above the first holding substrate. The 
first tier also comprises a first transistor positioned above the 
first interconnection metal layer. The first tier also comprises 
a first metal back layer positioned above the first transistor, 
wherein the first metal back layer comprises a first metal 
bonding pad. The first tier also comprises a via coupling the 
first metal back layer to the first interconnection metal layer. 
The 3DIC also comprises a second tier. The second tier com 
prises a second interconnection metal layer comprising a 
second metal bonding pad bonded to the first metal bonding 
pad. The second tier also comprises a second transistor posi 
tioned above the second interconnection metal layer, the sec 
ond transistor comprising a second gate and a second gate 
back Surface. The second tier also comprises a second back 
gate bias positioned above and proximate the second gate 
back Surface. 

BRIEF DESCRIPTION OF THE FIGURES 

0014 FIG. 1 is a flow chart of an exemplary method to 
construct a three dimensional integrated circuit (3DIC) 
according to an exemplary aspect of the present disclosure; 
0015 FIG. 2 is a simplified cross-sectional view of a first 

tier of a 3DIC formed according to the process of FIG. 1; 
0016 FIG. 3 is a simplified cross-sectional view of a sec 
ond tier of a 3DIC formed according to the process of FIG. 1; 
0017 FIG. 4 is a simplified cross-sectional view of the first 

tier of FIG. 2 bonded to the second tier of FIG.3 according to 
the process of FIG. 1; 

Aug. 4, 2016 

0018 FIG. 5 is a simplified cross-sectional view of addi 
tional metal layers and vias added to the second tier according 
to the process of FIG. 1; 
0019 FIG. 6 is a flow chart of another exemplary method 
to construct a 3DIC according to an exemplary aspect of the 
present disclosure; 
0020 FIG. 7 is a simplified cross-sectional view of a first 
tier of a 3DIC formed according to the process of FIG. 6; 
0021 FIG. 8 is a simplified cross-sectional view of the first 
tier with a Supporting Substrate added according to the pro 
cess of FIG. 6; 
0022 FIG.9 is a simplified cross-sectional view of the first 
tier of FIG.8 with the holding substrate removed according to 
the process of FIG. 6; 
0023 FIG. 10 is a simplified cross-sectional view of the 

first tier with additional metal layers and vias added accord 
ing to the process of FIG. 6; 
0024 FIG. 11 is a simplified cross-sectional view of a 
second tier of a 3DIC formed according to the process of FIG. 
6; 
0025 FIG. 12 is a simplified cross-sectional view of the 
Second tier of FIG. 11 bonded to the first tier of FIG. 10 
according to the process of FIG. 6; 
0026 FIG. 13 is a simplified cross-sectional view of the 
3DIC of FIG. 12 with additional metal layers and vias added 
to the second tier according to the process of FIG. 6; and 
0027 FIG. 14 is a block diagram of an exemplary proces 
sor-based system that can include the 3DIC formed according 
to the processes of FIG. 1 or 6. 

DETAILED DESCRIPTION 

0028. With reference now to the drawing figures, several 
exemplary aspects of the present disclosure are described. 
The word “exemplary' is used herein to mean “serving as an 
example, instance, or illustration.” Any aspect described 
herein as “exemplary' is not necessarily to be construed as 
preferred or advantageous over other aspects. 
0029. Aspects disclosed in the detailed description 
include methods for constructing three dimensional (3D) 
integrated circuits (ICs) (3DICs) and related systems. In 
exemplary aspects of the present disclosure, a first tier of a 
3DIC is constructed by creating active elements, such as 
transistors, on a holding Substrate. An interconnection metal 
layer is created above the active elements. Metal bonding 
pads are created within the interconnection metal layer. A 
second tier is also created, either concurrently or sequentially. 
The second tier is created in much the same manner as the first 
tier and is then placed on the first tier such that the respective 
metal bonding pads align and are bonded one tier to the other. 
The holding substrate of the second tier is then released. A 
back side of the second tier is then thinned, such that the back 
Surfaces of the active elements (for example, a back of a gate 
in a transistor) are exposed. Additional tiers may be added if 
desired essentially repeating this process. 
0030 Creating the tiers separately before bonding allows 
higher temperatures to be used in the creation of the active 
elements, which in turn provides greater flexibility in the 
creation of the active elements. The relatively low tempera 
ture bonding of the two tiers reduces the likelihood of metal 
damage from heating the metal layers. Likewise, the existing 
active elements are not subjected to additional heating that 
might damage such active elements. By thinning the second 
tier, Small vias may be created coupling additional metal 
layers within the tiers. The small vias allow a greater density 
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of vias to be created without undue area penalties. Further, the 
thinned second layer allows a back gate bias to be provided to 
the transistors, which provides additional flexibility in circuit 
design. 
0031. In this regard, FIG. 1 is an exemplary flow chart of a 

first process 10 for forming a 3DIC 90 (FIG. 5). FIGS. 2-5 
provide an illustration of the steps of process 10 and will be 
referred to throughout the description of FIG.1. The process 
10 begins with providing a first tier 50 for the 3DIC90 (block 
12, see FIGS. 2, 5). Providing the first tier 50 for the 3DIC90 
may include the optional step of creating first back gate(s) 52 
in a first holding substrate 54 (block 14). In an exemplary 
aspect, such first back gate 52 may be a doped silicon Sub 
strate region or other pre-fabricated materials such as TiN 
(Titanium Nitride) or other materials. In an exemplary aspect, 
the first holding substrate 54 is glass or other insulator to form 
a silicon on insulator (SOI) first tier 50. In another exemplary 
aspect, the first holding substrate 54 is bulk silicon. After 
implanting the optional first back gate(s) 52 in the first hold 
ing substrate 54, the first holding substrate 54 is provided 
(block 16) for further processing. In particular, active ele 
ments may be formed on the first holding substrate 54. In an 
exemplary aspect, one or more first transistors 56 are formed 
on (i.e., above) the first holding substrate 54 (block 18, see 
FIG. 2). While first transistors 56 are contemplated, it should 
be appreciated that capacitors, inductors, or other elements 
may be formed as needed or desired. Each first transistor 56 
may have a first gate 58 that is aligned with the first back gate 
52. The existence of the first backgate 52 allows the threshold 
voltage (V) of the first transistor 56 to be varied as needed or 
desired providing greater flexibility in circuit design. Return 
ing to process 10, first interconnection metal layer(s) 60 are 
formed above the first transistors 56 (block 20). While two 
first interconnection metal layers 60 are shown, more inter 
connection metal layers 60 may be provided. First intercon 
nection metal layers 60 provide interconnection between dif 
ferent active elements within the first tier 50 (e.g., between 
two first transistors 56). During creation of the first intercon 
nection metal layers 60, first metal bonding pad(s) 62 may 
also be formed. 

0032. With continued reference to FIG. 1, the process 10 
continues by providing a second tier 70 (block 22, see FIG.3). 
Providing the second tier 70 includes providing a second 
holding substrate 72 (block 24, see FIG. 3). As with the first 
holding substrate 54, the second holding substrate 72 may be 
an insulator or bulk silicon. Active elements are formed on the 
second holding Substrate 72. In an exemplary aspect, the 
active elements include at least one second transistor 74 
formed above the second holding substrate 72 (block 26, see 
FIG.3). A second interconnection metal layer(s) 76 is formed 
above the second transistor(s) 74 (block 28, see FIG. 3). 
While only two second interconnection metal layers 76 are 
illustrated, more may be provided if needed or desired. Sec 
ond interconnection metal layer 76 provides interconnection 
between active elements within the second tier 70 (e.g., 
between two second transistors 74). During creation of the 
second interconnection metal layer 76, second metal bonding 
pad(s) 78 may also be formed. 
0033. With continued reference to FIG. 1, process 10 con 
tinues by flipping the second tier 70 over and onto the first tier 
50 and aligning the tiers 50, 70 (block 30). In particular, the 
metal bonding pads 62 and 78 are aligned. Once aligned, the 
metal bonding pads 62,78 of the interconnection metal layers 
60, 76 are bonded (block 32) such as by oxide bonding. In 
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addition to bonding the first tier 50 to the second tier 70, this 
arrangement electrically interconnects interconnection metal 
layers 60, 76 Such that elements within the first tier 50 may be 
electrically interconnected to elements in the second tier 70. 
Oxide bonding is also able to be done at relatively low tem 
peratures. Use of Such low temperatures reduces the chance 
of metal damage from melting the interconnection metal lay 
ers 60, 76. 
0034. With continued reference to FIG.1, process 10 con 
tinues by releasing the second holding substrate 72 (block 34, 
see FIG. 4). Releasing the secondholding substrate 72 may be 
done by ion cutting, etching (e.g., wet chemical dissolution), 
chemical mechanical polishing (CMP) (e.g., back lapping), 
or other wafer thinning technique. In an exemplary aspect of 
the present disclosure, releasing the second holding Substrate 
72 exposes a second back surface 80 of a second gate 82 of a 
second transistor 74. Where the holding type of material of 
the second holding Substrate 72 is an insulator, the releasing 
of the second holding substrate 72 may thin the second back 
surface 80 to the transition between the insulator and the 
silicon body (i.e., the transistor type of material). Such tran 
sition is relatively easy to detect. Where the second holding 
substrate 72 is bulk silicon, the thinning may be measured to 
achieve a desired thickness. 

0035. With continued reference to FIG. 1, process 10 con 
tinues with the formation of a second back gate 84 on the 
exposed secondback surface 80 (block 36, see FIG.5). Use of 
second back gate 84 allows the threshold voltage (V) of the 
second transistors 74 to be varied as is well understood, 
providing greater flexibility for the 3DIC 90. Additional sec 
ond back metal layer(s) 86 are formed above the second 
transistor 74 (block 38, see FIG. 5). Note that because the 
second transistor 74 has flipped upside down, “above' is now 
the opposite of the “above' in block 28. To this extent, as used 
herein, terms like “above' are intended to convey relative 
position and not absolute positions. Additionally, vias 88 are 
created between the second back metal layers 86 and the 
second interconnection metal layers 76 (block 40, see FIG.5). 
If additional tiers are to be added beyond the first tier 50 and 
the second tier 70, additional secondback metal bonding pads 
92 may be formed with the second back metal layers 86. 
0036 Note that if the release of the second holding sub 
strate 72 has thinned the second back surface 80 appropri 
ately, the distance that must be traversed by the vias 88 may be 
relatively short. The shorter the distance for the vias 88, the 
easier it is to form the vias 88 and the more vias 88 that may 
be placed in a given area. That is, conventional via formation 
techniques cause the horizontal area consumed by a via to 
increase as the vertical length of the via increases. By design, 
the vertical distance in the second tier 70 is short, so the 
horizontal area required is relatively small, which provides 
more space for additional vias 88 to be created. 
0037. The process 10 is referred to herein as a “face to 
face' assembly process in that the two tiers are assembled 
face to face. While this is effective for the first two tiers 50, 70 
subsequent tiers may require a “face to back” process 100 
such as that illustrated in FIGS. 6-13. Again, the process 100 
is presented in FIG. 6 while FIGS. 7-13 show the steps used in 
the process 100. 
0038. In this regard, process 100, illustrated in FIG. 6, 
begins by providing a first tier 140 (block 102, see FIG. 7). 
Providing the first tier 140 begins by providing a first holding 
substrate 142 (block 104, see FIG. 7). The first holding sub 
strate 142 may be an insulator, Such as glass, or it may be bulk 
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silicon. A first transistor(s) 144 are formed above (or on) the 
first holding substrate 142 (block 106, see FIG. 7). First metal 
layer(s) 146 are formed above the first transistor(s) 144 (block 
108, see FIG. 7). While only two first metal layers 146 are 
illustrated, it should be appreciated that more may be present 
if needed or desired. 
0039. With continued reference to FIG. 6, providing the 

first tier 140 continues by bonding a first supporting substrate 
148 above the first metal layers 146 (block 110, see FIG. 8). 
The first tier 140 is then turned upside down (illustrated in 
FIG. 8) and the first holding substrate 142 is released (block 
112, see FIG.9). As noted above with reference to process 10, 
releasing may be done through etching, CMP ion cutting or 
other technique. The release of the first holding substrate 142 
may expose first back surface 150 and particularly expose or 
nearly expose a gate 152 of the first transistor 144. After 
exposing the back surface 150, first back gates 154 may 
optionally be added proximate exposed gates 152 (see FIG. 
9). Providing first back gates 154 allows the V of the first 
transistors 144 to be controlled, thereby allowing greater 
flexibility in circuit design. 
0040. With continued reference to FIG. 6, first intercon 
nection metal layers 156 are then added above the first tran 
sistor(s) 144 (block 114, see FIG. 10). When creating the first 
interconnection metal layers 156, first metal bonding pads 
158 may also be created. Additionally, vias 160 may be cre 
ated coupling the first interconnection metal layers 156 to the 
first metal layers 146 (block 116, see FIG. 10). 
0041. With continued reference to FIG. 6, process 100 
continues by providing a second tier 170 (block 118, see FIG. 
11). Providing the second tier 170 includes providing a sec 
ond holding substrate 172 (block 120, see FIG. 11). As with 
the first holding substrate 142, the second holding substrate 
172 may be an insulator or bulk silicon. Active elements are 
formed on the second holding substrate 172. In an exemplary 
aspect, the active elements include at least one second tran 
sistor 174 formed above the second holding substrate 172 
(block 122, see FIG. 11). A second interconnection metal 
layer(s) 176 is formed above the second transistor(s) 174 
(block 124, see FIG. 11). While only two second intercon 
nection metal layers 176 are illustrated, more may be pro 
vided if needed or desired. Second interconnection metal 
layer 176 provides interconnection between active elements 
within the second tier 170 (e.g., between two second transis 
tors 174). During creation of the second interconnection 
metal layer 176, second metal bonding pad(s) 178 may also 
be formed. 

0042. With continued reference to FIG. 6, process 100 
continues by flipping the second tier 170 over and onto the 
first tier 140 and aligning the tiers 140, 170 (block 126, see 
FIG. 12). In particular, the metal bonding pads 158 and 178 
are aligned. Once aligned, the metal bonding pads 158, 178 of 
the interconnection metal layers 156, 176 are bonded (block 
128, see FIG. 12) such as by oxide bonding. In addition to 
bonding the first tier 140 to the second tier 170, this arrange 
ment electrically interconnects interconnection metal layers 
156, 176 such that elements within the first tier 140 may be 
electrically interconnected to elements in the second tier 170. 
Oxide bonding is also able to be done at relatively low tem 
peratures. Use of Such low temperatures reduces the chance 
of metal damage from melting the interconnection metal lay 
ers 156, 176. 
0043. With continued reference to FIG. 6, process 100 
continues by releasing the second holding substrate 172 
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(block 130, see FIG. 13). Releasing the second holding sub 
strate 172 may be done by ion cutting, etching, CMP, or other 
technique. In an exemplary aspect of the present disclosure, 
releasing of the second holding Substrate 172 exposes a sec 
ond back surface 180 of a second gate 182 of the second 
transistor 174. Where the holding type of material of the 
second holding Substrate 172 is an insulator, the releasing of 
the second holding substrate 172 may thin the second back 
surface 180 to the transition between the insulator and the 
silicon body (i.e., the transistor type of material). Such tran 
sition is relatively easy to detect. Where the second holding 
substrate 172 is bulk silicon, the thinning may be measured to 
achieve a desired thickness. 

0044) With continued reference to FIG. 6, process 100 
continues with the formation of a second backgate 184 on the 
exposed second back surface 180 (block 132, see FIG. 13). 
Use of second back gate 184 allows the V of the second 
transistors 174 to be varied as is well understood, providing 
greater flexibility for the 3DIC 190. Additional second back 
metal layer(s) 186 are formed above the second transistor 174 
(block 134, see FIG. 13). Note that because the second tran 
sistor 174 has flipped upside down, “above' is now the oppo 
site of the "above' in block 124. To this extent, as used herein, 
terms like “above' are intended to convey relative position 
and not absolute positions. Additionally, vias 188 are created 
between the second back metal layers 186 and the second 
interconnection metal layers 176 (block 136, see FIG. 13). If 
additional tiers are to be added beyond the first tier 140 and 
the second tier 170, additional second back metal bonding 
pads 192 may be formed with the second back metal layers 
186. 

0045. The 3DICs 90, 190 created according to the methods 
for constructing 3DIC and related systems according to 
aspects disclosed herein may be provided in or integrated into 
any processor-based device. Examples, without limitation, 
include a set top box, an entertainment unit, a navigation 
device, a communications device, a fixed location data unit, a 
mobile location data unit, a mobile phone, a cellular phone, a 
computer, a portable computer, a desktop computer, a per 
Sonal digital assistant (PDA), a monitor, a computer monitor, 
a television, a tuner, a radio, a satellite radio, a music player, 
a digital music player, a portable music player, a digital video 
player, a video player, a digital video disc (DVD) player, and 
a portable digital video player. 
0046. In this regard, FIG. 14 illustrates an example of a 
processor-based system 200 that can employ the 3DICs 90. 
190 illustrated in FIGS. 5 and 13. In this example, the pro 
cessor-based system 200 includes one or more central pro 
cessing units (CPUs) 202, each including one or more pro 
cessors 204. The CPU(s) 202 may have cache memory 206 
coupled to the processor(s) 204 for rapid access to tempo 
rarily stored data. The CPU(s) 202 is coupled to a system bus 
208 and can intercouple devices included in the processor 
based system 200. As is well known, the CPU(s) 202 com 
municates with these other devices by exchanging address, 
control, and data information over the system bus 208. For 
example, the CPU(s) 202 can communicate bus transaction 
requests to the memory system 210. 
0047. Other devices can be connected to the system bus 
208. As illustrated in FIG. 14, these devices can include the 
memory system 210, one or more input devices 212, one or 
more output devices 214, one or more network interface 
devices 216, and one or more display controllers 218, as 
examples. The input device(s) 212 can include any type of 
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input device, including but not limited to input keys, Switches, 
Voice processors, etc. The output device(s) 214 can include 
any type of output device, including but not limited to audio, 
video, other visual indicators, etc. The network interface 
device(s) 216 can be any devices configured to allow 
exchange of data to and from a network 220. The network 220 
can be any type of network, including but not limited to a 
wired or wireless network, a private or public network, a local 
area network (LAN), a wide local area network (WLAN), and 
the Internet. The network interface device(s) 216 can be con 
figured to support any type of communication protocol 
desired. 

0048. The CPU(s) 202 may also be configured to access 
the display controller(s) 218 over the system bus 208 to con 
trol information sent to one or more displays 222. The display 
controller(s) 218 sends information to the display(s) 222 to be 
displayed via one or more video processors 224, which pro 
cess the information to be displayed into a format suitable for 
the display(s) 222. The display(s) 222 can include any type of 
display, including but not limited to a cathode ray tube (CRT), 
a liquid crystal display (LCD), a plasma display, etc. 
0049. Those of skill in the art will further appreciate that 
the various illustrative logical blocks, modules, circuits, and 
algorithms described in connection with the aspects disclosed 
herein may be implemented as electronic hardware, instruc 
tions stored in memory or in another computer-readable 
medium and executed by a processor or other processing 
device, or combinations of both. The devices described herein 
may be employed in any circuit, hardware component, IC, or 
IC chip, as examples. Memory disclosed herein may be any 
type and size of memory and may be configured to store any 
type of information desired. To clearly illustrate this inter 
changeability, various illustrative components, blocks, mod 
ules, circuits, and steps have been described above generally 
in terms of their functionality. How such functionality is 
implemented depends upon the particular application, design 
choices, and/or design constraints imposed on the overall 
system. Skilled artisans may implement the described func 
tionality 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. 
0050. The various illustrative logical blocks, modules, and 
circuits described in connection with the aspects disclosed 
herein, may be implemented or performed with a processor, a 
Digital Signal Processor (DSP), an Application Specific Inte 
grated Circuit (ASIC), a Field Programmable Gate Array 
(FPGA) or other programmable logic device, discrete gate or 
transistor logic, discrete hardware components, or any com 
bination thereof designed to perform the functions described 
herein. A processor may be a microprocessor, but in the 
alternative, the processor may be any conventional processor, 
controller, microcontroller, or state machine. A processor 
may also be implemented as a combination of computing 
devices, e.g., a combination of a DSP and a microprocessor, a 
plurality of microprocessors, one or more microprocessors in 
conjunction with a DSP core, or any other Such configuration. 
0051. The aspects disclosed herein may be embodied in 
hardware and in instructions that are stored in hardware, and 
may reside, for example, in Random Access Memory (RAM), 
flash memory, Read Only Memory (ROM), Electrically Pro 
grammable ROM (EPROM), Electrically Erasable Program 
mable ROM (EEPROM), registers, a hard disk, a removable 
disk, a CD-ROM, or any other form of computer readable 
medium known in the art. An exemplary storage medium is 
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coupled to the processor, Such that the processor can read 
information from, and write information to, the storage 
medium. In the alternative, the storage medium may be inte 
gral to the processor. The processor and the storage medium 
may reside in an ASIC. The ASIC may reside in a remote 
station. In the alternative, the processor and the storage 
medium may reside as discrete components in a remote sta 
tion, base station, or server. 
0052. It is also noted that the operational steps described in 
any of the exemplary aspects herein are described to provide 
examples and discussion. The operations described may be 
performed in numerous different sequences other than the 
illustrated sequences. Furthermore, operations described in a 
single operational step may actually be performed in a num 
ber of different steps. Additionally, one or more operational 
steps discussed in the exemplary aspects may be combined. It 
is to be understood that the operational steps illustrated in the 
flow chart diagrams may be subject to numerous different 
modifications as will be readily apparent to one of skill in the 
art. Those of skill in the art will also understand that infor 
mation and signals may be represented using any of a variety 
of different technologies and techniques. For example, data, 
instructions, commands, information, signals, bits, symbols, 
and chips that may be referenced throughout the above 
description may be represented by Voltages, currents, elec 
tromagnetic waves, magnetic fields or particles, optical fields 
or particles, or any combination thereof. 
0053. The previous description of the disclosure is pro 
vided to enable any person skilled in the art to make or use the 
disclosure. Various modifications to the disclosure will be 
readily apparent to those skilled in the art, and the generic 
principles defined herein may be applied to other variations 
without departing from the spirit or scope of the disclosure. 
Thus, the disclosure is not intended to be limited to the 
examples and designs described herein, but is to be accorded 
the widest scope consistent with the principles and novel 
features disclosed herein. 

What is claimed is: 

1. A method of forming a three dimensional (3D) inte 
grated circuit (IC) (3DIC) comprising: 

forming a first tier by: 
providing a first holding Substrate; 
forming a first transistor above the first holding sub 

strate; and 
forming a first interconnection metal layer above the first 

transistor including a first metal bonding pad; 
forming a second tier by: 

providing a second holding Substrate; 
forming a second transistor above the second holding 

Substrate; and 
forming a second interconnection metal layer above the 

second transistor including a second metal bonding 
pad; 

bonding the first metal bonding pad to the second metal 
bonding pad; and 

releasing the second holding Substrate and exposing a sec 
ond back Surface of a second gate of the second transis 
tOr. 

2. The method of claim 1, wherein either the first holding 
Substrate comprises silicon, the second holding Substrate 
comprises silicon, or both the first and the second holding 
Substrates comprise silicon. 
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3. The method of claim 1, wherein either the first holding 
Substrate comprises glass, the second holding Substrate com 
prises glass, or both the first and the secondholding Substrates 
comprise glass. 

4. The method of claim 1, further comprising aligning the 
first metal bonding pad with the second metal bonding pad 
before bonding. 

5. The method of claim 1, wherein releasing the second 
holding Substrate comprises using a process selected from the 
group consisting of chemical mechanical polishing (CMP), 
etching, ion cutting, and a combination of one or more pro 
cesses within the group. 

6. The method of claim 1, further comprising adding a back 
gate to the second transistor. 

7. The method of claim 1, further comprising adding a third 
tier above the second tier. 

8. The method of claim 7, wherein adding the third tier 
comprises: 

forming the third tier by: 
providing a third holding Substrate; 
forming a third transistor above the third holding sub 

strate; and 
forming a third interconnection metal layer above the 

third transistor including a third metal bonding pad; 
adding a second back metal above the second back Surface 

including a second upper metal bonding pad; and 
bonding the second upper metal bonding pad to the third 

metal bonding pad. 
9. The method of claim 8, further comprising providing a 

via between the second back metal and the second intercon 
nection metal layer. 

10. The method of claim 1, wherein forming the first tier 
further comprises: 

bonding a first Supporting Substrate to the first tier above 
the first transistor; and 

releasing the first holding Substrate and exposing a first 
back surface of a first gate of the first transistor; and 

wherein adding the first interconnection metal layer above 
the first transistor comprises adding the first intercon 
nection metal layer above the first back surface of the 
first gate. 

11. The method of claim 1, wherein releasing the second 
holding Substrate comprises detecting a material change 
between a holding type of material associated with the second 
holding Substrate and a transistor type of material associated 
with the second transistor. 
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12. A method of forming a three dimensional (3D) inte 
grated circuit (IC) (3DIC) comprising: 

forming a first tier by: 
providing a first holding Substrate; 
forming a first transistor above the first holding sub 

Strate; 
forming a first metal layer above the first transistor; 
bonding a first Supporting Substrate to the first tier above 

the first metal layer; 
releasing the first holding Substrate and exposing a first 
back surface of a first gate of the first transistor; and 

adding a first interconnection metal layer above the first 
back Surface of the first gate including a first metal 
bonding pad; 

forming a second tier by: 
providing a second holding Substrate; 
forming a second transistor above the second holding 

Substrate; and 
forming a second interconnection metal layer above the 

second transistor including a second metal bonding 
pad; 

bonding the first metal bonding pad to the second metal 
bonding pad; and 

releasing the second holding Substrate and exposing a sec 
ond back Surface of a second gate of the second transis 
tOr. 

13. The method of claim 12, further comprising adding a 
first back gate proximate the first back surface. 

14. The method of claim 12, further comprising adding a 
second back gate proximate the second back Surface. 

15. The method of claim 12, further comprising adding a 
third tier above the second tier. 

16. The method of claim 12, further comprising adding a 
via between the first metal layer and the first interconnection 
metal layer. 

17. The method of claim 12, wherein releasing the first 
holding Substrate comprises using a process selected from the 
group consisting of chemical mechanical polishing (CMP), 
etching, ion cutting, and a combination of one or more pro 
cesses within the group. 

18. The method of claim 12, further comprising detecting a 
transition between material types when releasing the first 
holding Substrate. 


