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(57) ABSTRACT 

Semiconductor integrated circuits that include thin film 
transistors (TFTS) and methods of fabricating Such semicon 
ductor integrated circuits are provided. The semiconductor 
integrated circuits may include a bulk transistor formed at a 
semiconductor Substrate and a first interlayer insulating 
layer on the bulk transistor. A lower TFT may be on the first 
interlayer insulating layer, and a second interlayer insulating 
layer may be on the lower TFT. An upper TFT may be on the 
second interlayer insulating layer, and a third interlayer 
insulating layer may be on the upper TFT. A first impurity 
region of the bulk transistor, a first impurity region of the 
lower TFT, and a first impurity region of the upper TFT may 
be electrically connected to one another through a node plug 
that penetrates the first, second and third interlayer insulat 
ing layers. 
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SEMCONDUCTOR INTEGRATED CIRCUITS 
WITH STACKED NODE CONTACT STRUCTURES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority under 35 U.S.C. S 
120 from U.S. patent application Ser. No. 11/033,432, filed 
on Jan. 11, 2005, which in turn claims priority under 35 
U.S.C. S 119 from Korean Patent Application No. 2004 
0002088, filed on Jan. 12, 2004, the disclosures of each of 
which are incorporated herein by reference as if set forth in 
there entireties. 

FIELD OF THE INVENTION 

0002 The present invention relates to semiconductor 
integrated circuits and, more particularly, to contact struc 
tures for semiconductor integrated circuits. 

BACKGROUND OF THE INVENTION 

0003. As is known by those of skill in the art, static 
random access memory (SRAM) integrated circuits may 
exhibit relatively low power consumption and high operat 
ing speeds as compared to dynamic random access memory 
(DRAM) integrated circuits. As a result, SRAM circuits are 
widely used to implement cache memories in computers and 
portable consumer electronic devices. 
0004 The unit cells of an SRAM integrated circuit can be 
implemented, for example, as either a high load resistor 
SRAM cell or as a complementary metal oxide semicon 
ductor (CMOS) SRAM cell. Typically, the high load resistor 
SRAM cells use a high resistance resistor as the load device, 
and the CMOS SRAM cells use a p-channel or “p-type' 
metal oxide semiconductor (PMOS) transistor as the load 
device. 

0005. At least two types of CMOS SRAM unit cells are 
known in the art. The first type is a thin film transistor (TFT) 
SRAM cell in which thin film transistors are stacked on a 
semiconductor Substrate as the load device. The second type 
of CMOS SRAM unit cell is a bulk CMOS SRAM cell that 
uses bulk transistors that are formed at a semiconductor 
substrate as the load device. 

0006. The bulk CMOS SRAM cells may exhibit high cell 
stability (i.e., good low Voltage characteristics and low 
stand-by current) as compared to TFT SRAM cells and 
high-load resistor SRAM cells. This high degree of cell 
stability may be achieved because the bulk transistors in the 
bulk CMOS SRAM cell are formed at a single crystalline 
silicon substrate, whereas the thin film transistors of the TFT 
SRAM cells are typically formed using polysilicon layers. 
However, bulk CMOS SRAM cells may exhibit low inte 
gration density and/or weak latch-up immunity as compared 
to TFT SRAM cells. 

0007) Typically, each SRAM unit cell includes a pair of 
node contact structures. In the TFT SRAM cells, each of the 
node contact structures electrically connects a P-type drain 
region of the load transistor to an N-type drain region of a 
driver transistor. Typically, an ohmic contact is provided 
between the P-type drain region of the load transistor and the 
N-type drain region of the driver transistor. 
0008 Semiconductor devices that include TFTs stacked 
over a semiconductor substrate are disclosed in U.S. Pat. No. 

Jan. 31, 2008 

6,022,766 to Chen et al., entitled "Semiconductor Structure 
Incorporating Thin Film Transistors and Methods for Its 
Manufacture.” In particular, Chen et al. discloses a semi 
conductor device in which a conventional bulk transistor is 
formed at a single crystalline silicon Substrate, and a thin 
film transistor is then stacked over the bulk transistor. In 
Chen et al., the body layer of the TFT is formed by 
depositing an amorphous silicon layer on the semiconductor 
Substrate and a metal plug. This amorphous silicon layer is 
then crystallized via a thermal treatment process. This 
thermal treatment process converts the amorphous silicon 
layer into a polycrystalline or “polysilicon' layer having 
large grains. The electrical characteristics of these TFTs that 
are formed with a polysilicon body layer may not be as good 
as the electrical characteristics of bulk transistors formed at 
a single crystalline silicon Substrate. 

SUMMARY OF THE INVENTION 

0009 Pursuant to embodiments of the present invention, 
integrated circuits are provided which include a first tran 
sistor having first and second impurity regions that is formed 
at a semiconductor Substrate. A first interlayer insulating 
layer is on the first transistor, and a second transistor having 
first and second impurity regions is on the first interlayer 
insulating layer opposite the first transistor. A second inter 
layer insulating layer is on the second transistor opposite the 
first interlayer insulating layer, and a third transistor having 
first and second impurity regions is on the second interlayer 
insulating layer opposite the second transistor. Finally, a 
third interlayer insulating layer on the third transistor oppo 
site the second interlayer insulating layer. The integrated 
circuit further includes a node plug that penetrates the first, 
second and third interlayer insulating layers to electrically 
connect the first impurity region of the first transistor, the 
first impurity region of the second transistor and the first 
impurity region of third transistor to one another. 
0010. In certain embodiments of the present invention, 
the second transistor may overlap the first transistor, and the 
third transistor may overlap the second transistor. The first 
transistor may be a bulk transistor whereas the second and 
third transistors are thin film transistors. The second and 
third transistors may be single crystalline thin film transis 
tors. In specific embodiments, the integrated circuit may 
further include a lower node semiconductor plug that is 
between the first impurity region of the second transistor and 
the first impurity region of the first transistor and an upper 
node semiconductor plug that is between the first impurity 
region of the third transistor and the first impurity region of 
the second transistor. In these embodiments, the node plug 
may also be electrically connected to the lower and upper 
node semiconductor plugs. The lower and upper node semi 
conductor plugs may be single crystalline semiconductor 
plugs. The node plug may be a metal plug such as, for 
example, a tungsten plug or a tungsten plug with a Surround 
ing metal barrier layer. Corresponding methods of fabricat 
ing Such devices are also provided. 
0011 Pursuant to further embodiments of the present 
invention, static random access memory (SRAM) cells are 
provided which include first and second bulk transistors 
which are formed at least partially in a semiconductor 
Substrate. A first interlayer insulating layer is provided on the 
first and second bulk transistors, and first and second lower 
thin film transistors are provided on the first interlayer 
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insulating layer. A second interlayer insulating layer is 
provided on the first and second lower thin film transistors, 
and a first and second upper thin film transistors are provided 
on the second interlayer insulating layer. A third interlayer 
insulating layer is provided on the first and second upper thin 
film transistors. A first node plug is provided that penetrates 
the first, second and third interlayer insulating layers to 
electrically connect a first impurity region of the first bulk 
transistor, a first impurity region of the first lower thin film 
transistor and a first impurity region of the first upper thin 
film transistor to one another. Finally, a second node plug is 
provided that penetrates the first, second and third interlayer 
insulating layers to electrically connect a first impurity 
region of the second bulk transistor, a first impurity region 
of the second lower thin film transistor and a first impurity 
region of the second upper thin film transistor to one another. 
0012. In certain embodiments of the present invention, 
the first lower thin film transistor may overlap the first bulk 
transistor and the second lower thin film transistor may 
overlap the second bulk transistor. Likewise, the first upper 
thin film transistor may overlap the first lower thin film 
transistor and the second upper thin film transistor may 
overlap the second lower thin film transistor. The first and 
second lower thin film transistors and the first and second 
upper thin film transistors may each be single crystalline thin 
film transistors. 

0013 In embodiments of the present invention, the 
SRAM cell may also include a first lower node semicon 
ductor plug that is between the first impurity region of the 
first lower thin film transistor and the first impurity region of 
the first bulk transistor and a first upper node semiconductor 
plug that is between the first impurity region of the first 
upper thin film transistor and the first impurity region of the 
first lower thin film transistor. The SRAM cell may further 
include a second lower node semiconductor plug that is 
between the first impurity region of the second lower thin 
film transistor and the first impurity region of the second 
bulk transistor and a second upper node semiconductor plug 
that is between the first impurity region of the second upper 
thin film transistor and the first impurity region of the second 
lower thin film transistor. In these embodiments, the first 
node plug may be electrically connected to the first lower 
node semiconductor plug and the first tipper node semicon 
ductor plug, and the second node plug may be electrically 
connected to the second lower node semiconductor plug and 
the second upper node semiconductor plug. The first and 
second upper node semiconductor plugs and the first and 
second lower node semiconductor plugs may each be single 
crystalline semiconductor plugs. The first and second node 
plugs may be metal plugs such as, for example, tungsten 
plugs or tungsten plugs with a Surrounding barrier metal 
layer. 

0014. The first lower node semiconductor plug may have 
the same conductivity type as the first impurity region of the 
first bulk transistor and the second lower node semiconduc 
tor plug may have the same conductivity type as the first 
impurity region of the second bulk transistor. In other 
embodiments, the first lower node semiconductor plug may 
have a different conductivity type than does the first impurity 
region of the first bulk transistor, and the second lower node 
semiconductor plug may have a different conductivity type 
than does the first impurity region of the second bulk 
transistor. In these embodiments, the first node plug may be 
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in direct contact with the first impurity region of the first 
bulk transistor and the second node plug may be in direct 
contact with the first impurity region of the second bulk 
transistor. 

0015. In certain embodiments of the SRAM cell, the first 
and second bulk transistors may be first and second N-chan 
nel driver transistors, respectively, where the first impurity 
region of the first and second bulk transistors are each drain 
regions. The gate electrode of the first N-channel driver may 
be electrically connected to the second node plug, and the 
gate electrode of the second N-channel driver may be 
electrically connected to the first node plug. The first and 
second lower thin film transistors may be first and second 
P-channel load transistors, respectively, and the first and 
second upper thin film transistors may be first and second 
N-channel transfer transistors, respectively. The first impu 
rity region of the first and second lower thin film transistor 
may each be drain regions, and the first impurity region of 
the first and second upper thin film transistors may each be 
source regions. The gate electrode of the first P-channel load 
transistor may be electrically connected to the second node 
plug and the gate electrode of the second P-channel load 
transistor may be electrically connected to the first node 
plug. The gate electrodes of the first and second N-channel 
transfer transistors may be electrically connected to each 
other to act as a word line. 

0016. In the above-mentioned embodiments, the SRAM 
cell may also include a ground line that is electrically 
connected to the source regions of the first and second 
N-channel driver transistors and a power line that is elec 
trically connected to the source regions of the first and 
second P-channel load transistors. The SRAM cell may 
further include a first bit line that is electrically connected to 
the drain region of the first N-channel transfer transistor and 
a second bit line that is electrically connected to the drain 
region of the second N-channel transfer transistor. The first 
bit line may be substantially perpendicular to a gate elec 
trode of the first N-channel driver transistor, a gate electrode 
of the first P-channel load transistor and a gate electrode of 
the first N-channel transfer transistor when viewed from an 
axis that is perpendicular to the primary plane of the 
semiconductor Substrate, and the second bit line may be 
Substantially perpendicular to a gate electrode of the second 
N-channel driver transistor, a rate electrode of the second 
P-channel load transistor and a gate electrode of the second 
N-channel transfer transistor when viewed from an axis that 
is perpendicular to the primary plane of the semiconductor 
substrate. 

0017. In other embodiments of the present invention, the 
first and second lower thin film transistors may be first and 
second N-channel transfer transistors, respectively, and the 
first and second upper thin film transistors may be first and 
second P-channel load transistors, respectively. 

0018. In still further embodiments of the present inven 
tion, static random access memory (SRAM) cells are pro 
vided that include an isolation layer in a semiconductor 
substrate that defines first and second active regions. First 
and second bulk transistors are provided at least partially in 
the first and second active regions, respectively. A first 
interlayer insulating layer is provided on the first and second 
bulk transistors, and first and second single crystalline lower 
body patterns are provided on the first interlayer insulating 
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layer. First and second lower thin film transistors are pro 
vided at the first and second lower body patterns, respec 
tively, and a second interlayer insulating layer is provided on 
the first and second lower thin film transistors. First and 
second single crystalline upper body patterns are provided 
on the second interlayer insulating layer, and first and second 
upper thin film transistors are provided at the first and 
second upper body patterns, respectively. A third interlayer 
insulating layer is provided on the first and second upper thin 
film transistors. A first node plug is provided that penetrates 
the first, second and third interlayer insulating layers to 
electrically connect a first impurity region of the first bulk 
transistor, a first impurity region of the first lower thin film 
transistor and a first impurity region of the first upper thin 
film transistor to one another, and a second node plug is 
provided that penetrates the first, second and third interlayer 
insulating layers to electrically connect a first impurity 
region of the second bulk transistor, a first impurity region 
of the second lower thin film transistor and a first impurity 
region of the second upper thin film transistor to one another. 

0019. In certain embodiments of these SRAM cells, the 
first and second bulk transistors may be respective first and 
second N-channel driver transistors. The first impurity 
region of each of the first and second bulk transistors may be 
a drain region. The gate electrode of the first N-channel 
driver transistor may be electrically connected to the second 
node plug, and the gate electrode of the second N-channel 
driver transistor may be electrically connected to the first 
node plug. The first and second lower thin film transistors 
may be respective first and second P-channel load transis 
tors, and the first and second upper thin film transistors may 
be respective first and second N-channel transfer transistors. 
The first impurity region of the first and second lower thin 
film transistors may be drain regions and the first impurity 
region of the first and second upper thin film transistors may 
be source regions. 

0020. The SRAM cell may also include a first ground 
active region that extends from a first end of the first active 
region in a direction perpendicular to the first active region 
and a second ground active region that extends from a first 
end of the second active region in a direction perpendicular 
to the second active region. 

0021. The gate electrode of the first load transistor may 
overlap a gate electrode of the first driver transistor, and a 
gate electrode of the second load transistor may overlap the 
gate electrode of the second driver transistor. The rate 
electrode of the first load transistor may be electrically 
connected to the second node plug, and the gate electrode of 
the second load transistor may be electrically connected to 
the first node plug. The first lower body pattern may include 
an extension that overlaps a portion of the first ground active 
region, and the second lower body pattern may include an 
extension that overlaps a portion of the second ground active 
region. 

0022 Pursuant to still further embodiments of the present 
invention, methods of fabricating a static random access 
memory (SRAM) cell are provided. In these methods, first 
and second bulk transistors may be formed at a semicon 
ductor substrate. Each of the bulk transistors may include 
spaced apart first and second impurity regions and a gate 
electrode that is on a channel region that is between the first 
and second impurity regions. A first interlayer insulating 
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layer may then be formed on the semiconductor substrate 
having the first and second bulk transistors, and first and 
second lower node semiconductor plugs may be formed that 
penetrate the first interlayer insulating layer to be in elec 
trical contact with the first impurity region of the first bulk 
transistor and the first impurity region of the second bulk 
transistor, respectively. First and second lower thin film 
transistors may then be formed on the first interlayer insu 
lating layer. Each of these transistors may include spaced 
apart first and second impurity regions and a gate electrode 
that is on a channel region that is between the first and 
second impurity regions. The first impurity region of the first 
lower thin film transistor may be in electrical contact with 
the first lower node semiconductor plug and the first impu 
rity region of the second lower thin film transistor may be in 
electrical contact with the second lower node semiconductor 
plug. The first lower thin film transistor may be formed to 
overlap the first bulk transistor, and the second lower thin 
film transistor may be formed to overlap the second bulk 
transistor. 

0023) Next, a second interlayer insulating layer may be 
formed on the semiconductor Substrate having the first and 
second lower thin film transistors, and first and second upper 
node semiconductor plugs may be formed to penetrate the 
second interlayer insulating layer to be in electrical contact 
with the first impurity region of the first lower thin film 
transistor and the first impurity region of the second lower 
thin film transistor, respectively. Then first and second upper 
thin film transistors may be formed on the second interlayer 
insulating layer. Each of these transistors may include 
spaced apart first and second impurity regions and a gate 
electrode that is on a channel region that is between the first 
and second impurity regions. The first impurity region of the 
first upper thin film transistor may be in electrical contact 
with the first upper node semiconductor plug and the second 
upper thin film transistor may be in electrical contact with 
the second upper node semiconductor plug. The first upper 
thin film transistor may overlap the first lower thin film 
transistor and the second upper thin film transistor may 
overlap the second lower thin film transistor. 
0024. A third interlayer insulating layer may then be 
formed on the semiconductor Substrate having the first and 
second upper thin film transistors and first and second node 
plugs may be formed that penetrate at least the first, second 
and third interlayer insulating layers. The first node plug 
may electrically connect the first impurity region of the first 
bulk transistor, the first impurity region of the first lower thin 
film transistor and the first impurity region of the first upper 
thin film transistor to one another, and the second node plug 
may electrically connect the first impurity region of the 
second bulk transistor, the first impurity region of the second 
lower thin film transistor and the first impurity region of the 
second upper thin film transistor to one another. 
0025. In specific embodiments of these method the first 
and second lower node semiconductor plugs may be formed 
by patterning the first interlayer insulating layer to form first 
and second lower node contact holes that respectively 
expose the first impurity region of the first bulk transistor 
and the first impurity region of the second bulk transistor. 
Selective epitaxial growth techniques may then be used to 
form first and second lower single crystalline semiconductor 
plugs in the respective first and second lower node contact 
holes. The first and second upper node semiconductor plugs 
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may be formed in a manner similar to the method described 
above to form the first and second lower node semiconduc 
tor plugs. 
0026. The first lower thin film transistor may be formed 
by forming a first lower body pattern on the first interlayer 
insulating layer and in direct contact with the first lower 
single crystalline plug. The first lower thin film transistor is 
then formed at the first lower body pattern. Likewise, the 
second lower thin film transistor may be formed by forming 
a second lower body pattern on the first interlayer insulating 
layer and in direct contact with the second lower single 
crystalline plug. The second lower thin film transistor may 
then be formed at the second lower body pattern. The first 
and second lower body patterns may be formed using the 
respective first and second lower single crystalline plugs as 
seed patterns. 
0027. The first and second lower body patterns may be 
either amorphous and/or polycrystalline layers as formed, 
which may then be crystallized using Solid phase epitaxial 
techniques. The first and second upper thin film transistors 
may be formed using similar techniques. 
0028. Additional methods of forming integrated circuits 
and SRAM cells that correspond to the specific embodi 
ments of the present invention described above are also 
provide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029. The accompanying drawings, which are included 
to provide a further understanding of the invention and are 
incorporated in and constitute a part of this application, 
illustrate certain embodiment(s) of the invention. In the 
drawings: 
0030 FIG. 1 is an equivalent circuit diagram of an 
embodiment of a CMOS SRAM cell. 

0031 FIG. 2 is a plan view illustrating active regions and 
driver gate electrodes of CMOS SRAM cells in accordance 
with embodiments of the present invention. 
0032 FIG. 3 is a plan view illustrating first and second 
lower node semiconductor plugs and first and second lower 
single crystalline body layers of CMOS SRAM cells in 
accordance with embodiments of the present invention. 
0033 FIG. 4 is a plan view illustrating first and second 
load gate electrodes and first and second upper node semi 
conductor plugs of CMOS SRAM cells in accordance with 
embodiments of the present invention. 
0034 FIG. 5 is a plan view illustrating first and second 
upper single crystalline body layers and word lines of 
CMOS SRAM cells in accordance with embodiments of the 
present invention. 
0035 FIG. 6 is a plan view illustrating first and second 
node plugs of CMOS SRAM cells in accordance with 
embodiments of the present invention. 
0.036 FIG. 7 is a plan view illustrating first and second 
power line contact plugs and first and second ground line 
contact plugs of CMOS SRAM cells in accordance with 
embodiments of the present invention. 
0037 FIG. 8 is a plan view illustrating a power line and 
a ground line of CMOS SRAM cells in accordance with 
embodiments of the present invention. 
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0038 FIG. 9 is a plan view illustrating first and second bit 
line contact plugs as well as first and second bit lines of 
CMOS SRAM cells in accordance with embodiments of the 
present invention. 

0.039 FIGS. 10A-17A are respectively cross-sectional 
views taken along the line I-I of FIGS. 2-9 to illustrate 
methods of fabricating CMOS SRAM cells in accordance 
with embodiments of the present invention. 
0040 FIGS. 10B-17B are respectively cross-sectional 
views taken along the line II-II of FIGS. 2-9 to illustrate 
methods of fabricating CMOS SWAM cells in accordance 
with embodiments of the present invention. 
0041 FIG. 14C is a cross-sectional view illustrating a 

first node contact structure of CMOS SRAM cells in accor 
dance with other embodiments of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0042 Embodiments of the present invention now will be 
described more fully hereinafter with reference to the 
accompanying drawings, in which embodiments of the 
invention are shown. This invention may, however, be 
embodied in many different forms and should not be con 
strued as limited to the embodiments set forth herein. Rather, 
these embodiments are provided so that this disclosure will 
be thorough and complete, and will fully convey the scope 
of the invention to those skilled in the art. Like numbers 
refer to like elements throughout. 

0043. It will be understood that, although the terms first, 
second, etc. may be used herein to describe various ele 
ments, these elements should not be limited by these terms. 
These terms are only used to distinguish one element from 
another. For example, a first element could be termed a 
second element, and, similarly, a second element could be 
termed a first element, without departing from the scope of 
the present invention. As used herein, the term “and/or 
includes any and all combinations of one or more of the 
associated listed items. 

0044) It will be understood that when an element such as 
a layer, region or Substrate is referred to as being “on” or 
extending “onto' another element, it can be directly on or 
extend directly onto the other element or intervening ele 
ments may also be present. In contrast, when an element is 
referred to as being “directly on' or extending “directly 
onto' another element, there are no intervening elements 
present. It will also be understood that when an element is 
referred to as being “connected' or “coupled to another 
element, it can be directly connected or coupled to the other 
element or intervening elements may be present. In contrast, 
when an element is referred to as being “directly connected 
or “directly coupled to another element, there are no 
intervening elements present. Other words used to describe 
the relationship between elements should be interpreted in a 
like fashion (i.e., “between versus “directly between', 
“adjacent versus “directly adjacent”, etc.). 

0045 Relative terms such as “below” or “above” or 
“upper” or “lower” or “horizontal” or “vertical” may be used 
herein to describe a relationship of one element, layer or 
region to another element, layer or region as illustrated in the 
figures. It will be understood that these terms are intended to 
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encompass different orientations of the device in addition to 
the orientation depicted in the figures. 

0046. It also will be understood that, as used herein, the 
terms “row’ and “column” indicate two non-parallel direc 
tions that may be orthogonal to one another. However, the 
terms row and column do not indicate a particular horizontal 
or vertical orientation. 

0047 Embodiments of the invention are described herein 
with reference to cross-section illustrations that are sche 
matic illustrations of idealized embodiments (and interme 
diate structures) of the invention. The thickness of layers and 
regions in the drawings may be exaggerated for clarity. 
Additionally, variations from the shapes of the illustrations 
as a result, for example, of manufacturing techniques and/or 
tolerances, are to be expected. Thus, embodiments of the 
invention should not be construed as limited to the particular 
shapes of regions illustrated herein but are to include devia 
tions in shapes that result, for example, from manufacturing. 
For example, an implanted region illustrated as a rectangle 
will, typically, have rounded or curved features and/or a 
gradient of implant concentration at its edges rather than a 
binary chance from implanted to non-implanted region. 
Likewise, a buried region formed by implantation may result 
in Some implantation in the region between the buried region 
and the Surface through which the implantation takes place. 
Thus, the regions illustrated in the figures are schematic in 
nature and their shapes are not intended to illustrate the 
actual shape of a region of a device and are not intended to 
limit the scope of the invention. 
0.048. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended 
to be limiting of the invention. As used herein, the singular 
forms “a”, “an and “the are intended to include the plural 
forms as well, unless the context clearly indicates otherwise. 
It will be further understood that the terms “compris 
es'comprising.”“includes and/or “including when used 
herein, specify the presence of stated features, integers, 
steps, operations, elements, and/or components, but do not 
preclude the presence or addition of one or more other 
features, integers, steps, operations, elements, components, 
and/or groups thereof. 

0049. Unless otherwise defined, all terms (including tech 
nical and scientific terms) used herein have the same mean 
ing as commonly understood by one of ordinary skill in the 
art to which this invention belongs. It will be further 
understood that terms, such as those defined in commonly 
used dictionaries, should be interpreted as having a meaning 
that is consistent with their meaning in the context of the 
relevant art and will not be interpreted in an idealized or 
overly formal sense unless expressly so defined herein. 
0050 FIG. 1 is an exemplary equivalent circuit diagram 
of a CMOS SRAM cell. As shown in FIG. 1, the CMOS 
SRAM cell includes a pair of driver transistors TD1 and 
TD2, a pair of transfer transistors TT1 and TT2, and a pair 
of load transistors TL1 and TL2. In FIG. 1, the driver 
transistors TD1 and TD2 and the transfer transistors TT1 and 
TT2 are NMOS transistors, whereas the load transistors TL1 
and TL2 are PMOS transistors. 

0051) The first transfer transistor TT1 and the first driver 
transistor TD1 are connected in series. The source region of 
the first driver transistor TD1 is electrically connected to a 
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ground line VSS, and the drain region of the first transfer 
transistor TT1 is electrically connected to a first bit line BL1. 
Similarly, the second driver transistor TD2 and the second 
transfer transistor TT2 are connected in series, and the 
source region of the second driver transistor TD2 is electri 
cally connected to the ground line VSS while the drain region 
of the second transfer transistor TT2 is electrically con 
nected to a second bit line BL2. 

0052 As is also shown in FIG. 1, the source region of the 
first load transistor TL1 is electrically connected to a power 
line Vcc, and the drain region of the first load transistor is 
electrically connected to the drain region of the first driver 
transistor TD1. Similarly, the source region of the second 
load transistor TL2 is electrically connected to the power 
line Vcc and the drain region of the second load transistor 
TL2 is electrically connected to the drain region of the 
second driver transistor TD2. The drain region of the first 
load transistor TL1, the drain region of the first driver 
transistor TD1, and the source region of the first transfer 
transistor TT1 correspond to a first node N1. The drain 
region of the second load transistor TL2, the drain region of 
the second driver transistor TD2, and the source region of 
the second transfer transistor TT2 correspond to a second 
node N2. The gate electrode of the first driver transistor TD1 
and the gate electrode of the first load transistor TL1 are 
electrically connected to the second node N2, and the gate 
electrode of the second driver transistor TD2 and the gate 
electrode of the second load transistor TL2 are electrically 
connected to the first node N1. As is further shown in FIG. 
1, the gate electrodes of the first and second transfer tran 
sistors TT1 and TT2 are electrically connected to a word line 
WL. 

0053) The above-described CMOS SRAM cell may 
exhibit a large noise margin and a small stand-by current as 
compared to a high load resistor SRAM cell. Accordingly, 
CMOS SRAM integrated circuits are often used in high 
performance SRAM applications that require a relatively 
low power voltage. In such applications, if the TFT SRAM 
cell includes high performance P-channel TFTs having 
enhanced electrical characteristics that correspond to 
P-channel bulk transistors used as load transistors of the 
bulk CMOS SRAM cell, the TFT SRAM cells may have 
advantages in terms of integration density and latch-up 
immunity as compared to bulk CMOS SRAM cells. 
0054. In order to improve the performance of the P-chan 
nel TFTs, the TFTs may be formed at a single crystalline 
semiconductor body pattern. Also, ohmic contacts may be 
formed at the first and second nodes N1 and N2 shown in 
FIG 1. 

0055) Furthermore, when the transfer transistors TT1 and 
TT2 shown in FIG. 1 are stacked over the semiconductor 
substrate, the area of each SRAM cell may be remarkably 
reduced as compared to the area of conventional TFT SRAM 
cells. 

0056 FIGS. 2-9 are plan views illustrating structures of 
compact TFT SRAM cells in accordance with embodiments 
of the present invention. Each of FIGS. 2-9 shows 4 unit 
cells. In FIGS. 2-7, a pair of unit cells adjacent to each other 
along a y-axis are symmetrical with respect to an X-axis, and 
a pair of unit cells adjacent to each other along the X-axis are 
symmetrical with respect to the y-axis. 
0057 FIGS. 10A-17A are cross-sectional views taken 
along the line I-I of FIGS. 2-9, respectively, to illustrate 
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methods of fabricating TFT SRAM cells in accordance with 
embodiments of the present invention. FIGS. 10B-17B are 
cross-sectional views taken along the line II-II of FIGS. 2-9, 
respectively, to further illustrate methods of fabricating TFT 
SRAM cells in accordance with embodiments of the present 
invention. 

0.058 First, structures of the TFT SRAM cells in accor 
dance with embodiments of the present invention will be 
described with reference to FIGS. 2-9, 17A and 17B. 

0059 Referring to FIGS. 2, 17A and 17B, an isolation 
layer 3 is provided at a predetermined region of a semicon 
ductor substrate 1 to define first and second active regions 3a 
and 3b in each unit cell. The semiconductor substrate 1 may 
be a single crystalline semiconductor Substrate Such as, for 
example, a single crystalline silicon Substrate. As best seen 
in FIG. 2, the first and second active regions 3a and 3b may 
be disposed to be parallel with a y-axis. One end of the first 
active region 3a may also extend in parallel with an X-axis 
to provide a first ground active region 3s', and one end of the 
second active region 3b may likewise extend in parallel with 
the X-axis to provide a second ground active region 3s". As 
a result, the first and second ground active regions 3s' and 
3s" may be disposed in parallel with each other. 

0060 First and second driver gate patterns 10a and 10b 
are provided that cross over the first and second active 
regions 3a and 3b, respectively. The first driver gate patterns 
10a may be disposed parallel to the second driver gate 
patterns 10b. As shown in FIG. 17a, the first driver gate 
pattern 10a may include a first driver gate electrode 7a and 
a first capping insulating layer pattern 9a which are sequen 
tially stacked. As shown in FIG. 17b, the second driver gate 
pattern 10b may include a second driver gate electrode 7b 
and a second capping insulating layer pattern 9b which are 
sequentially stacked. A gate insulating layer 5 may be 
interposed between the driver gate patterns 10a and 10b and 
the respective active regions 3a and 3b. 

0061 As shown in FIG. 17a, a first drain region 13d is 
provided at a surface of the first active region 3a. The first 
drain region 13d may be adjacent to the first driver gate 
pattern 10a and located opposite the first ground active 
region 3s'. A first source region 13s"may be provided at a 
Surface of the first ground active region 3s' and at a surface 
of the first active region 3a. The first source region 13s' may 
be adjacent to the first driver gate pattern 10a and located 
opposite the first drain region 13d. 

0062 Similarly, as shown in FIG. 17b, a second drain 
region 13d" is provided at a surface of the second active 
region 3b. The second drain region 13d" may be adjacent to 
the second driver gate pattern 10b and located opposite the 
second ground active region 3s". A second source region 
13s" may be provided at a surface of the second ground 
active region 3s" and at a surface of the second active region 
3b. The second source region 13s" may be adjacent to the 
second driver gate pattern 10b and located opposite the 
second drain region 13d". 

0063. The first and second source regions 13s' and 13s" 
and the first and second drain regions 13d and 13d" may be 
lightly doped drain (LDD) type impurity regions. Addition 
ally, driver date spacers 11 may be provided on sidewalls of 
the first and second driver gate patterns 10a and 10b. 
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0064. The first driver gate pattern 10a may extend to be 
adjacent to the second drain region 13d". Similarly, the 
second driver gate pattern 10b may extend to be adjacent to 
the first drain region 13d'. 
0065. The first driver gate pattern 10a, the first drain 
region 13d and the first source region 13s' constitute a first 
bulk transistor such as, for example, the first driver transistor 
TD1 in FIG.1. Likewise, the second driver gate pattern 10b, 
the second drain region 13d" and the second source region 
13s" constitute a second bulk transistor such as, for example, 
the second driver transistor TD2 of FIG.1. Thus, in embodi 
ments of the present invention, the first and second driver 
transistors TD1 and TD2 may be N-type bulk transistors that 
are formed at the semiconductor Substrate. As shown in 
FIGS. 2, 17A and 17B, the area occupied by the first and 
second driver transistors TD1 and TD2 may comprise a 
substantial percentage of the area of the SRAM cell. Accord 
ingly, pursuant to embodiments of the present invention, 
SRAM cells may be provided that have a significantly 
reduced cell area as compared to the area occupied by a 
conventional SRAM cell that has four or six bulk MOS 
transistors. 

0.066 As shown in FIGS. 17A and 17B, a first interlayer 
insulating layer 17 is provided on the semiconductor sub 
strate and on the first and second driver transistors TD1 and 
TD2. The first interlayer insulating layer 17 may have a 
planarized top surface. In addition, a first etch stopper 15 
may be interposed between the first interlayer insulating 
layer 17 and the semiconductor substrate and between the 
first interlayer insulating layer and the driver transistors TD1 
and TD2. The first etch stopper 15 may, for example, 
comprise an insulating layer that has an etch selectivity with 
respect to the first interlayer insulating layer 17. For 
instance, if the first interlayer insulating layer 17 is a silicon 
oxide layer, the first etch stopper 15 might be a silicon 
nitride layer or a silicon oxynitride layer. 
0067. As shown in FIGS. 3, 17A and 17B, the first drain 
region 13d may be electrically connected to a first lower 
node semiconductor plug 19a. Likewise, the second drain 
region 13d" may be electrically connected to a second lower 
node semiconductor plug 19b. The first and second lower 
node semiconductor plugs 19a, 19b each penetrate the first 
interlayer insulating layer 17 and the first etch stopper 15. 
When the semiconductor substrate 1 is a single crystalline 
silicon Substrate, the first and second lower node semicon 
ductor plugs 19a and 19b may be single crystalline silicon 
plugs. 
0068. As is also shown in FIGS. 3, 17A and 17B, first and 
second lower body patterns 21a, 21b may be disposed on the 
first interlayer insulating layer 17. The first lower body 
pattern 21a may cover the first lower node semiconductor 
plug 19a. The first lower body pattern 21a may overlap with 
the first active region 3a, and may extend to also overlap a 
portion of the first ground active region 3s'. Similarly, the 
second lower body pattern 21b may cover the second lower 
node semiconductor plug 19b. The second lower body 
pattern 21b may overlap with the second active region 3b, 
and may extend to also overlap a portion of the second 
ground active region 3s". The first and second lower body 
patterns 21a and 21b may, for example, comprise single 
crystalline silicon patterns. 
0069. Referring to FIGS. 4, 17A and 17B, a first loadgate 
pattern 26a may be formed on and crossing over the first 
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lower body pattern 21a, and a second load gate pattern 26b 
may be formed on and crossing over the second lower body 
pattern 21b. Tie first loadgate pattern 26a may include a first 
load gate electrode 23a and a first capping insulating layer 
pattern 25a which are sequentially stacked. The second load 
gate pattern 26b may include a second load gate electrode 
23b and a second capping insulating layer pattern 25b which 
are sequentially stacked. The first and second load gate 
patterns 26a and 26b may be insulated from the lower body 
patterns 21a and 21b by a gate insulating layer (shown, but 
not numbered, in FIGS. 17A and 17B). The first load gate 
patterns 26a may overlap the first driver gate pattern 10a and 
the second load gate pattern 26b may overlap the second 
driver gate pattern 10b. 
0070 A first impurity region 29d is provided in a portion 
of the first lower body pattern 21a that is adjacent to the first 
load gate pattern 26a. The portion of the first lower body 
pattern 21a that comprises the first impurity region 29d may 
include a portion of the first lower body pattern 21a that is 
in contact with the first lower node semiconductor plug 19a. 
A second impurity region 29s' is provided in another portion 
of the first lower body pattern 21a that is adjacent to the first 
load gate pattern 26a and opposite the first impurity region 
29d. The first load gate pattern 26a and the first and second 
impurity regions 29d and 29s' may together constitute a first 
lower TFT such as, for example, the first load transistor TL1 
of FIG. 1. The first and second impurity regions 29d and 
29s' may act as drain and source regions of the first lower 
TFT, respectively. 
0071 Similarly, a first impurity region 29d" is provided 
in a portion of the second lower body pattern 21b that is 
adjacent to the second load gate pattern 26b. The portion of 
the second lower body pattern 21b that comprises the first 
impurity region 29d" may include a portion of the second 
lower body pattern 21b that is in contact with the second 
lower node semiconductor plug 19b. A second impurity 
region 29s" is provided in another portion of the second 
lower body pattern 21b that is adjacent to the second load 
gate pattern 26b and opposite the first impurity region 29d". 
The second load gate pattern 26b and the first and second 
impurity regions 29d" and 29s" may together constitute a 
second lower TFT such as, for example the second load 
transistor TL2 of FIG. 1. The first and second impurity 
regions 29d" and 29s" may act as drain and source regions 
of the second lower TFT, respectively. 
0072 The first and second load transistors TL1 and TL2 
may correspond to P-type transistors. The Source and drain 
regions 29s' 29s", 29d and 29d" may be LDD type impurity 
regions. Load gate spacers 27 may be provided on sidewalls 
of the first and second load gate patterns 26a and 26b. 
0073. A second interlayer insulating layer 33 may be 
formed on the semiconductor Substrate having the first and 
second load transistors TL1 and TL2. The second interlayer 
insulating layer 33 may have a planarized top Surface. In 
addition, a second etch stopper 31 may be interposed 
between the second interlayer insulating layer 33 and the 
semiconductor Substrate having the load transistors TL1 and 
TL2. The second etch stopper 31 may, for example, com 
prise an insulating layer that has an etch selectivity with 
respect to the second interlayer insulating layer 33. For 
instance, when the second interlayer insulating layer 33 is a 
silicon oxide layer, the second etch stopper 31 may be a 
silicon nitride layer or a silicon oxynitride layer. 
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0074 As shown in FIG. 17A, the first drain region 29d 
may be electrically connected to a first upper node semi 
conductor plug 35a. As shown in FIG. 17B, the second drain 
region 29d" may be electrically connected to a second upper 
node semiconductor plug. 35b. The first and second upper 
node semiconductor plugs 35a, 35b may each penetrate the 
second interlayer insulating layer 33 and the second etch 
stopper 31. The first and second upper node semiconductor 
plugs 35a and 35b may be single crystalline silicon plugs. 
0075 referring to FIGS. 5, 17A and 17B, first and second 
upper body patterns 37a and 37b may be provided on the 
second interlayer insulating layer 33. The first and second 
upper body patterns 37a and 37b may be on the first and 
second upper node semiconductor plugs 35a and 35b, 
respectively. The first and second upper body patterns 37a 
and 37b may also overlap the first and second lower body 
patterns 21a and 29b, respectively. The first and second 
upper body patterns 37a and 37b may, for example, com 
prise single crystalline semiconductor patterns such as single 
crystalline silicon patterns. 
0076 A word line pattern 42 is formed to cross over the 

first and second upper body patterns 37a and 37b. The word 
line pattern 42 may overlap the first and second load gate 
patterns 26a and 26b. In embodiments of the present inven 
tion, the word line pattern 42 may include a word line 39 and 
a capping insulating layer pattern 41 which are sequentially 
stacked. The word line 39 may be insulated from the first and 
second upper body patterns 37a and 37b by a gate insulating 
layer (shown, but not numbered, in FIGS. 17A and 17B). 
0.077 As shown in FIG. 17A, a first impurity region 45s' 
is provided in a portion of the first upper body pattern 37a 
that is adjacent to the word line pattern 42 and that contacts 
the first upper node semiconductor plug 35a. A second 
impurity region 45d is provided in a portion of the first 
upper body pattern 37a that is adjacent to the word line 
pattern 42 and that is opposite the first impurity region 45s'. 
The word line pattern 42, the first impurity region 45s' and 
the second impurity region 45d may together constitute a 
first upper TFT such as, for example, the first transfer 
transistor TT1 of FIG. 1. The first and second impurity 
regions 45s' and 45d may act as source and drain regions of 
the first upper TFT, respectively. 
0078. As shown in FIG. 17B, a first impurity region 45s" 
is provided in a portion of the second upper body pattern 37b 
that is adjacent to the word line pattern 42 and that contacts 
the second upper node semiconductor plug 35b. A second 
impurity region 45d" is provided in a portion of the second 
upper body pattern 37b that is adjacent to the word line 
pattern 42 and that is opposite the first impurity region 45s". 
The word line pattern 42, the first impurity region 45s" and 
the second impurity region 45d" may together constitute a 
second upper TFT such as, for example, the a second 
transfer transistor TT2 of FIG. 1. The first and second 
impurity regions 45s" and 45d" may act as source and drain 
regions of the second upper TFT, respectively. 

0079 The first and second transfer transistors TT1 and 
TT2 correspond to N-type transistors. The source and drain 
regions 45s', 45s", 45d and 45d" of the first and second 
transfer transistors TT1 and TT2 may be LDD type impurity 
regions. Gate spacers 43 may be provided on sidewalls of 
the word line pattern 42. The word line 39 on the first upper 
body pattern 37a corresponds to a gate electrode of the first 
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transfer transistor TT1, and the word line 39 on the second 
upper body pattern 37b corresponds to a gate electrode of the 
second transfer transistor TT2. 

0080. As shown in FIGS. 17A and 17B, a third interlayer 
insulating layer 49 is provided on the semiconductor sub 
strate that includes the first and second transfer transistors 
TT1 and TT2. The third interlayer insulating layer 49 may 
have a planarized top Surface. In addition, a third etch 
stopper 47 may be provided between the third interlayer 
insulating layer 49 and the semiconductor Substrate having 
the transfer transistors TT1 and TT2. The third etch stopper 
47 may, for example, comprise an insulating layer that has 
an etch selectivity with respect to the third interlayer insu 
lating layer 49. For example, when the third interlayer 
insulating layer 49 is a silicon oxide layer, the third etch 
stopper 47 may be a silicon nitride layer or a silicon 
oxynitride layer. 

0081 Referring to FIGS. 6, 17A and 17B, when the first 
and second lower node semiconductor plugs 19a and 19b 
have the same conductivity types as the first and second 
drain regions 13d and 13d" of the driver transistors TD1 and 
TD2, the first lower node semiconductor plug 19a, the first 
upper node semiconductor plug 35a, the first drain region 
29d load transistor TL1, the first source region 45s' of the 
first transfer transistor TT1, the second driver gate electrode 
7b, and the second load gate electrode 23b are electrically 
connected to one another through a first node plug 51a that 
penetrates the first to third etch stoppers 15, 31 and 47 as 
well as the first to third interlayer insulating layers 17, 33 
and 49. Likewise, the second lower node semiconductor 
plug 19b, the second upper node semiconductor plug 35b, 
the second drain region 29d" of the second load transistor 
TL2, the second source region 45s" of the second transfer 
transistor TT2, the first driver gate electrode 7a, and the first 
load gate electrode 23a are electrically connected to one 
another through a second node plug 51b that penetrates the 
first to third etch stoppers 15, 31 and 47 as well as the first 
to third interlayer insulating layers 17, 33 and 49. 
0082 The first and second node plugs 51a and 51b may 
be conductive layers that form an ohmic contact with respect 
to all of the P-type and N-type semiconductor layers. For 
example, each of the first and second node plugs 51a and 
51b may comprise a tungsten plug. In other embodiments of 
the present invention, the first and second node plugs 51a 
and 51b may comprise a tungsten plug and a barrier metal 
layer that Surrounds the tungsten plug. 
0083. In other embodiments of the present invention, the 

first and second lower node semiconductor plugs 19a and 
19b may have a different conductivity type from the first and 
second drain regions 13d and 13d", or may be formed of an 
intrinsic semiconductor material. The first and second node 
plugs 51a and 51b may be extended so that the first and 
second node plugs 51a and 51b are electrically connected to 
the first and second drain regions 13d and 13d", respec 
tively. 

0084. The first lower node semiconductor plug 19a, the 
first upper node semiconductor plug 35a, the first drain 
region 13d of the first driver transistor TD1, the first drain 
region 29d of the first load transistor TL1, the first source 
region 45s' of the first transfer transistor TT1, the second 
driver gate electrode 7b, the second load gate electrode 23b, 
and the first node plug 51a constitute a first node contact 
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structure. Likewise, the second lower node semiconductor 
plug 19b, the second upper node semiconductor plug 35b, 
the second drain region 13d" of the second driver transistor 
TD2, the second drain region 29d" of the second load 
transistor TL2, the second source region 45s" of the second 
transfer transistor TT2, the first driver gate electrode 7a, the 
first load gate electrode 23a and the second node plug 51b 
constitute a second node contact structure. 

0085. As shown in FIGS. 17A and 17B, a fourth inter 
layer insulating layer 53 may be provided on the semicon 
ductor Substrate having the first and second node plugs 51a 
and 51b. 

0086). As shown FIGS. 7, 17A and 17B, the extension of 
the first lower body pattern 21a (i.e., the source region 29s" 
of the first load transistor TL1) is electrically connected to 
a first power line contact plug 55c' that penetrates the second 
etch stopper 31, the second interlayer insulating layer 33 the 
third etch stopper 47, the third interlayer insulating layer 49 
and the fourth interlayer insulating layer 53. Similarly, the 
extension of the second lower body pattern 21b (i.e., the 
source region 29s" of the second load transistor TL2) is 
electrically connected to a second power line contact plug, 
55c" that penetrates the second etch stopper 31, the second 
interlayer insulating layer 33, the third etch stopper 47, the 
third interlayer insulating layer 49 and the fourth interlayer 
insulating layer 53. 

0087. In addition, the first ground active region 3s', 
namely, the source region 13s' of the first driver transistor 
TD1 is electrically connected to a first ground line contact 
plug 55s' that penetrates the first to fourth interlayer insu 
lating layers 17, 3, 49 and 53 and the first to third etch 
stoppers 15, 31 and 47. Similarly, the second around active 
region 3s", namely, the source region 13s" of the second 
driver transistor TD2 is electrically connected to a second 
ground line contact plug 55s" that penetrates the first to 
fourth interlayer insulating layers 17, 3, 49 and 53 and the 
first to third etch stoppers 15, 31 and 47. 
0088. The power line contact plugs 55c and 55c" and the 
ground line contact plugs 55s" may, for examples be metal 
plugs such as tungsten plugs. Furthermore, each of the 
power line contact plugs 55c' and 55c" and the ground line 
contact plugs 55s' and 55s" may be a tungsten plug and a 
barrier metal layer Surrounding the tungsten plug. A fifth 
interlayer insulating layer 57 is provided on the semicon 
ductor substrate having the power line contact plugs 55c' and 
55c" and the ground line contact plugs 55s' and 55s". 
0089 FIG. 8 is a plan view illustrating power lines 59c 
and ground lines 59s for CMOS SRAM cells in accordance 
with embodiments of the present invention. In FIG. 8, the 
ground active regions 3s' and 3s", the lower body patterns 
21a and 21b, and the node plugs 51a and 51b that are shown 
in FIG. 7 are not included to reduce the complexity of the 
drawing. 

0090. As shown in FIGS. 8, 17A and 17B, ground lines 
59s and power lines 59c are disposed in the fifth interlayer 
insulating layer 57. When the SRAM unit cells in accor 
dance with embodiments of the present invention are two 
dimensionally arrayed alone rows and columns that are 
disposed in parallel with the X-axis and y-axis respectively, 
the ground lines 59s and the power lines 59c may be 
disposed in odd rows and even rows, respectively. In other 



US 2008/0023728A1 

words, the ground lines 59s are disposed to overlap with 
odd-numbered word line patterns 42, and the power lines 
59c are disposed to overlap with even-numbered word line 
patterns 42. In other embodiments, the ground lines 59s and 
the power lines 59c may be disposed in even rows and odd 
rows, respectively. The power lines 59c are disposed to 
cover the power line contact plugs 55c and 55c", and the 
ground lines 59s are disposed to cover the ground line 
contact plugs 55s' and 55s". As a result, the ground lines 59s 
and the power lines 59c may be disposed to be substantially 
in parallel with the word line patterns 42. The power lines 
59c, the ground lines 59s and the fifth interlayer insulating 
layer 57 are covered with a sixth interlayer insulating layer 
61. 

0091 Referring to FIGS. 9, 17A and 17B, the drain 
region 45d of the first transfer transistor TT1 may be 
electrically connected to a first bit line contact plug 63b' that 
penetrates the third to sixth interlayer insulating layers 49. 
53, 57 and 61 and the third etch stopper 47. Similarly, the 
drain region 45d" of the second transfer transistor TT2 may 
be electrically connected to a second bit line contact plug 
63b" that penetrates the third to sixth interlayer insulating 
layers 49, 53, 57 and 61 and the third etch stopper 47. 

0092 First and second parallel bit lines 65b' and 65b." 
may be disposed on the sixth interlayer insulating layer 61. 
The first bit line 65b' is disposed to be in contact with the 
first bit line contact plug 63b', and the second bit line 65b." 
is disposed to be in contact with the second bit line contact 
plug 63b". The first and second bit lines 65b', 65b" are 
disposed to cross over the power line 59c and the ground line 
59s. 

0093. In other embodiments of the present invention, the 
first and second node contact structures described with 
reference to FIGS. 6, 17A and 17B may be modified in many 
different forms. For example, FIG. 14C is a cross-sectional 
view illustrating a first node contact structure of CMOS 
SRAM cells according to further embodiments of the 
present invention. 

0094. As shown in FIG. 14C, a first node plug 51a" is 
provided that penetrates the first source region 45s' of the 
first transfer transistor TT1, the first upper node semicon 
ductor plug 35a, the first drain region 29d of the first load 
transistor TL1, the first lower node semiconductor plug 19a, 
the first through third interlayer insulating layers 17, 33 and 
49, and at least the second and third etch stoppers 31 and 47. 
In these embodiments, a first recessed lower node semicon 
ductor plug 19a' may be provided between the first node 
plug 51a" and the first drain region 13d of the first driver 
transistor TD1. In these embodiments, the first source region 
45s' of the first transfer transistor TT1, the first drain region 
29d of the first load transistor TL1, the second load gate 
electrode 23b, and the second driver gate electrode 7b are 
electrically connected to the first node plug 51a", and the first 
node plug 51a" is electrically connected to the first drain 
region 13d of the first driver transistor TD1 through the first 
recessed lower node semiconductor plug 19a'. The first node 
plug 51a" may comprise, for example, a conductor having an 
ohmic contact with respect to all N-type and P-type semi 
conductor materials. By way of example, the first node plug 
51a" may comprise a metal plug Such as a tungsten plug or 
a tungsten plug with and a barrier metal layer Surrounding 
the tungsten plug. 
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0095. In embodiments of the present invention in which 
the first recessed lower node semiconductor plug 19a' has a 
conductivity type that is different than the conductivity type 
of the first drain region 13d of the first driver transistor TD1, 
the first node plug 51a" may extend to contact with a sidewall 
of the first recessed lower node semiconductor plug 19a' and 
a surface of the first drain region 13d (as is shown in FIG. 
14C). 
0096. It will be appreciated that the second node contact 
structure that is formed on the second drain region 13d" of 
the second driver transistor TD2 may have the same shape 
as the first node contact structure described above with 
reference to FIG. 14C. 

0097. Numerous additional modifications may be made 
to the SRAM cells according to the above embodiments of 
the present invention. For example, the first and second 
lower TFTs may correspond, respectively, to the first and 
second transfer transistors TT1 and TT2 shown in FIG. 1, 
and the first and second upper TFTs may correspond, 
respectively, to the first and second load transistors TL1 and 
TL2 shown in FIG. 1. In this case, it will be apparent to one 
skilled in the art in light of the disclosure herein that the 
word line pattern 42, the power line 59c and the bit lines 65b' 
and 65b" would be changed to reflect this revised configu 
ration. 

0098) Now, methods of fabricating SRAM cells in accor 
dance with certain embodiments of the present invention 
will be described with reference to FIGS. 2-9, 10A-17A and 
10B-17B. FIGS. 10A-17A are cross-sectional views taken 
along the line I-I of FIGS. 2-9 respectively, and FIGS. 
10B-17B are cross-sectional views taken along the line II-II 
of FIGS. 2-9 respectively. As discussed above, FIG. 14C is 
a cross-sectional view that illustrates methods of forming 
node contact structures in accordance with further embodi 
ments of the present invention. 
0099. As shown in FIGS. 2, 10A and 10B, an isolation 
layer 3 is formed at a predetermined region of a semicon 
ductor Substrate 1 Such as a single crystalline silicon Sub 
strate to define first and second parallel active regions 3a and 
3b. The semiconductor Substrate 1 may, for example, com 
prise a P-type silicon substrate. The first and second active 
regions 3a and 3b may be formed to be in parallel with a 
y-axis. In addition, the isolation layer 3 may be formed to 
provide a first ground active region 3s' that extends from one 
end of the first active region3a along the X-axis and a second 
ground active region 3s" that extends from one end of the 
second active region 3b along the X-axis. The first and 
second ground active regions 3s' and 3s" may be formed to 
face to each other. 

0100. A gate insulating layer 5 is formed on the active 
regions 3a, 3b, 3s' and 3s". A gate conductive layer and a 
gate capping insulating layer are sequentially formed on the 
semiconductor Substrate having the gate insulating layer 5. 
The gate capping insulating layer may be formed, for 
example, of silicon oxide or silicon nitride. The gate capping 
insulating layer and the gate conductive layer may then be 
patterned to form the first driver gate pattern 10a crossing 
over the first active region 3a and to form the second driver 
gate pattern 10b crossing over the second active region 3b. 
As a result, the first driver gate pattern 10a is formed to have 
a first driver gate electrode 7a and a first capping insulating 
layer pattern 9a which are sequentially stacked, and the 
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second driver gate pattern 10b is formed to have a second 
driver gate electrode 7b and a second capping insulating 
layer pattern 9b which are sequentially stacked. The gate 
capping insulating layer may be omitted in certain embodi 
ments of the present invention. The first and second driver 
gate patterns 10a and 10b may be formed to be adjacent to 
the second and first active regions 3b and 3a, respectively. 

0101 Impurity ions may be implanted into the active 
regions 3a, 3b, 3s' and 3s"using, for example, the driver gate 
patterns 10a and 10b as ion implantation masks to form a 
spaced apart first source region 13s' and first drain region 
13d in the first active region 3a and to form a spaced apart 
second source region 13s" and second drain region 13d" in 
the second active region 3b. The first and second drain 
regions 13d and 13d" and the first and second source regions 
13s' and 13s" may be N-type impurity regions. The first 
source region 13s' and the first drain region 13d may be 
formed at respective sides of a channel region that is below 
the first driver gate pattern 10a. Similarly, the second source 
region 13s" and the second drain region 13d" may be formed 
at respective sides of a channel region that is below the 
second driver gate pattern 10b. As shown best in FIG. 10A, 
the first source region 13s' may also be formed in the first 
ground active region 3s', and as shown best in FIG. 10B, the 
second source region 13s" may also be formed in the second 
ground active region 3s". When, for example, the first and 
second drain regions 13d and 13d" and the first and second 
source regions 13s' and 13s" are formed to have an LDD 
structure, driver gate spacers 11 may be formed on sidewalls 
of the first and second driver gate patterns 10a and 10b. The 
driver gate spacers 11 may be formed, for example, of a 
silicon nitride layer or a silicon oxide layer. 

0102) The first driver gate pattern 10a, the first source 
region 13s' and the first drain region 13d may constitute a 
first bulk transistor such as, for example, the first N-channel 
driver transistor TD1 of FIG.1. Likewise, the second driver 
gate pattern 10b, the second source region 13s" and the 
second drain region 13d" may constitute a second bulk 
transistor Such as, for example, the second N-channel driver 
transistor TD2 of FIG. 1. 

0103) A first interlayer insulating layer 17 may be formed 
on the semiconductor Substrate having the first and second 
bulk transistors (e.g., driver transistors TD1 and TD2 of FIG. 
1). A first etch stopper 15 may also be formed prior to 
formation of the first interlayer insulating layer 17. The first 
etch stopper 15 may, for example, beformed of an insulating 
layer having an etch selectivity with respect to the first 
interlayer insulating layer 17. For example, when the first 
interlayer insulating layer 17 is formed of a silicon oxide 
layer, the first etch stopper 15 may be formed of a silicon 
oxynitride layer or a silicon nitride layer. The first interlayer 
insulating layer 17 may be planarized using, for example, a 
chemical mechanical polishing technique. When such a 
chemical mechanical polishing technique is used, the first 
etch stopper 15 on the driver gate patterns 10a and 10b may 
act as the stop layer. Using this or other techniques, the first 
interlayer insulating layer 17 may be formed to have a 
relatively uniform thickness. 

0104 Referring to FIGS. 3, 11A and 11B, the first inter 
layer insulating layer 17 and the first etch stopper 15 may be 
patterned to form first and second lower node contact holes 
17a and 17b that expose the first and second drain regions 
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13d and 13d" respectively. First and second lower node 
semiconductor plugs 19a and 19b may be formed in the first 
and second lower node contact holes 17a and 17b, respec 
tively, using, for example, a selective epitaxial growth 
technique. When the semiconductor Substrate 1 is a single 
crystalline silicon substrate, the first and second lower node 
semiconductor plugs 19a and 19b may be formed to have a 
single crystalline silicon structure. 
0105. A lower body layer may then be formed on the top 
Surface of the semiconductor Substrate having the first and 
second lower node semiconductor plugs 19a and 19b. By 
way of example, if the lower node semiconductor plugs 19a 
and 19b are single crystalline silicon plugs, the lower body 
layer may be formed as an amorphous silicon layer or a 
polycrystalline silicon layer. As shown best in FIGS. 11A 
and 11B, the lower body layer may then be patterned to form 
first and second lower body patterns 21a and 21b. The first 
lower body pattern 21a may overlap the first active region 3a 
and may cover the first and second lower node semiconduc 
tor plugs 19a. The second lower body pattern 21b may 
overlap the second active region 3b and may cover the 
second lower node semiconductor plug 19b. The first lower 
body pattern 21a may include an extension that overlaps a 
portion of the first ground active region 3s' and the second 
lower body pattern 21b may include an extension that 
overlaps a portion of the second ground active region 3s". 
0106 The first and second lower body patterns 21a and 
21b may be crystallized using, for example, a solid phase 
epitaxial (SPE) technique that is well known in the art. For 
example, the SPE technique may include annealing at a 
temperature of about 500° C. to 800° C. to crystallize the 
lower body patterns 21a and 21b. 
0107. When an SPE process is used to crystallize the 
lower body patterns 21a and 21b, the lower node semicon 
ductor plugs 19a and 19b may act as seed layers during the 
SPE process. As a result, if the lower node semiconductor 
plugs 19a and 19b are single crystalline silicon plugs, then 
the lower body patterns 21a and 21b may be converted to 
have a single crystalline structure through the SPE process. 
0.108 Crystallization of the lower body patterns 21a and 
21b may be carried out either before or after the lower body 
layer is patterned. However, if the crystallization of the 
lower body patterns 21a and 21b is carried out prior to 
patterning the lower body layer, a grain boundary may be 
formed in a region of the lower body layer (i.e., a region 
positioned at the same distance from the first and second 
lower node semiconductor plugs). Such a grain boundary, if 
formed, may be located in a channel region of load transis 
tors that are formed in a Subsequent process. If this occurs, 
the electrical characteristics of the load transistors may be 
degraded and/or the load transistors that are formed may 
exhibit non-uniform electrical characteristics. 

0.109 Referring to FIGS. 4, 12A and 12B, a gate insu 
lating layer may be formed on Surfaces of the first and 
second lower body patterns 21a and 21b. First and second 
insulated load gate patterns 26a and 26b may then be formed 
that cross over the first and second lower body patterns 21a 
and 21b, respectively. As shown in FIGS. 12A and 12B, the 
first and second insulated load gate patterns 26a and 26b 
may also be formed to overlap the first and second driver 
gate patterns 10a and 10b, respectively. The first and second 
insulated load gate patterns 26a and 26b may be fabricated 



US 2008/0023728A1 

using the same method (described above) which is used to 
form the first and second driver gate patterns 10a and 10b. 
Accordingly, the first load gate pattern 26a may comprise a 
first load gate electrode 23a and a first capping insulating 
layer pattern 25a which are sequentially stacked, and the 
second load gate pattern 26b may comprise a second load 
gate electrode 23b and a second capping insulating layer 
pattern 25b which are sequentially stacked. 
0110 Impurity ions may also be implanted into the lower 
body patterns 21a and 21b using, for example, the load gate 
patterns 26a and 26b as ion implantation masks. As a result, 
a first source region 29s' and a first drain region 29d are 
formed in spaced apart portions of the first lower body 
region 21a, and a second source region 29s' and a second 
drain region 29d" are formed in spaced apart portions of the 
second lower body region 21b. The first source region 29s' 
and the first drain region 29d may be formed on opposite 
sides of a channel region below the first load gate pattern 
26a, and the second source region 29s" and the second drain 
region 29d" may be formed on opposite sides of a channel 
region below the second load gate pattern 26b. The first and 
second source regions 29s' and 29s" may also be formed in 
the respective extensions of the first lower body pattern 21a 
and the second lower body pattern 21b. The first drain region 
29d is formed in the first lower body pattern 21a on the first 
lower node semiconductor plug 19a, and the second drain 
region 29d" is formed in the second lower body pattern 21b 
on the second lower node semiconductor plug 19b. The first 
and second drain regions 29d and 29d" and the first and 
second source regions 29s' and 29s" may all be P-type 
impurity regions. 

0111 When, for example, the first and second drain 
regions 29d and 29d" and the first and second source regions 
29s' and 29s" are formed to have an LDD structure, loadgate 
spacers 27 may be formed on sidewalls of the first and 
second loadgate patterns 26a and 26b. The load gate spacers 
27 may be formed, for example, of a silicon nitride layer or 
a silicon oxide layer. 
0112 The first load gate pattern 26a, the first source 
region 29s' and the first drain region 29d together constitute 
a first lower TFT such as, for example, the first P-channel 
load transistor TL1 of FIG.1. Similarly, the second load gate 
pattern 26b, the second source region 29s" and the second 
drain region 29d" together constitute a second lower TFT 
Such as, for example, the second P-channel load transistor 
TL2 of FIG. 1. 

0113. A second interlayer insulating layer 33 may be 
formed on a top surface of the semiconductor Substrate 
having the first and second load transistors TL1 and TL2. A 
second etch stopper 31 may optionally be formed prior to 
formation of the second interlayer insulating layer 33. The 
second etch stopper 31 and the second interlayer insulating 
layer 33 may be fabricated using the same methods as the 
methods (described above) used to form the first etch 
stopper 15 and the first interlayer insulating layer 17. 
0114. The second interlayer insulating layer 33 and the 
second etch stopper 31 may be patterned to form first and 
second upper node contact holes 33a and 33b that expose the 
first and second drain regions 29d and 29d", respectively. 
First and second upper node semiconductor plugs 35a and 
35b may then be formed in the first and second upper node 
contact holes. 33a and 33b, respectively, using, for example, 
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a selective epitaxial growth process. When the first and 
second lower body patterns 21a and 21b are single crystal 
line silicon patterns, the first and second upper node semi 
conductor plugs 35a and 35b may beformed to have a single 
crystalline silicon structure. 

0115 Referring to FIGS. 5, 13A and 13B, first and second 
upper body patterns 37a and 37b may be formed on the 
semiconductor Substrate having the first and second upper 
node semiconductor plugs 35a and 35b. The first and second 
upper body patterns 37a and 37b may be formed using, for 
example, the same methods as the methods (described 
above) used to form the first and second lower body patterns 
21a and 21b. Thus, the first and second upper body patterns 
37a and 37b may beformed to be in contact with the first and 
second upper node semiconductor plugs 35a and 35b respec 
tively, and may be crystallized using an SPE technique. In 
addition, the first and second upper body patterns 37a and 
37b may be formed to overlap the first and second lower 
body patterns 21a and 21b, respectively. However, as shown 
in FIGS. 13A and 13B, the first and second upper body 
patterns 37a and 37b may be formed such that they do not 
overlap extensions of the first and second lower body 
patterns 21a and 21b. 

0116. An insulated transfer gate pattern 42 may be 
formed to cross over the first and second upper body patterns 
37a and 37b. The insulated transfer gate pattern 42 may 
comprise a word line pattern 42. The word line pattern 42 
may comprise a word line 39 and a capping insulating layer 
pattern 41 which are sequentially stacked. Impurity ions 
may be implanted into the upper body patterns 37a and 37b 
using the word line pattern 42, for example, as an ion 
implantation mask. As a result, a first Source region 45s' and 
a first drain region 45d are formed in spaced apart portions 
of the first upper body pattern 37a, and a second source 
region 45s" and a second drain region 45d" are formed in 
spaced apart portions of the second upper body pattern 37b. 
The first source region 45s' and the first drain region 45d 
may be self-aligned with the word line pattern 42. The 
second source region 45s" and the second drain region 45d" 
may also be self-aligned with the word line pattern 42. 
When, for example, the first and second drain regions 45d 
and 45d" and the first and second source regions 45s' and 
45s" have an LDD type structure, a word line spacer 43 may 
beformed on a sidewall of the word line pattern 42. The first 
and second drain regions 45d and 45d" and the first and 
second source regions 45s' and 45s" may be N-type impurity 
regions. 

0.117) The first source region 45s' may be formed in the 
first upper body pattern 37a on the first upper node semi 
conductor plug 35a, and the second source region 45s" may 
be formed in the second upper body pattern 37b on the 
second upper node semiconductor plug 35b. The word line 
pattern 42, the first source region 45s' and the first drain 
region 45d together constitute a first upper TFT such as, for 
example, the first N-channel transfer transistor TT1 of FIG. 
1. Likewise, the word line pattern 42, the second source 
region 45s" and the second drain region 45d" together 
constitute a second upper TFT such as, for example, the 
second N-channel transfer transistor TT2 of FIG. 1. 

0118. A third interlayer insulating layer 49 may be 
formed on a top Surface of the semiconductor Substrate 
having the first and second transfer transistors TT1 and TT2. 
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A third etch stopper 47 may be formed prior to formation of 
the third interlayer insulating layer 49. The third etch stopper 
47 and the third interlayer insulating layer 49 may be 
formed, for example, using the same methods as the meth 
ods (described above) used to form the first etch stopper 15 
and the first interlayer insulating layer 17. 
0119 Referring to FIGS. 6, 14A and 14B, the first to third 
etch stoppers 15, 31, and 47 and the first to third interlayer 
insulating layers 17, 33 and 49 may be patterned to form a 
first node contact hole 49a and a second node contact hole 
49b. The first node contact hole 49a may be formed to 
expose the first source region 45s' of the first transfer 
transistor TT1, the first upper node semiconductor plug 35a, 
the first drain region 29d of the first load transistor TL1, the 
first lower node semiconductor plug 19a, the second load 
gate electrode 23b and the second driver gate electrode 7b. 
The second node contact hole 49b may be formed to expose 
the second source region 45s" of the second transfer tran 
sistor TT2, the second upper node semiconductor plug 35b, 
the second drain region 29d" of the second load transistor 
TL2, the second lower node semiconductor plug 19b, the 
first load gate electrode 23a and the first driver gate elec 
trode 7a. When, for example, the first and second lower node 
semiconductor plugs 19a and 19b have a different conduc 
tivity type from the first and second drain regions 13d and 
13d" or are formed of a intrinsic semiconductor, the first and 
second node contact holes 49a and 49b may also be formed 
to expose the first and second drain regions 13d respec 
tively. 
0120) A conductive layer is formed on the semiconductor 
substrate having the first and second node contact holes 49a 
and 49b. The conductive layer may then be planarized to 
expose the third interlayer insulating layer 49. As a result, 
first and second node plugs 51a and 51b are formed in the 
first and second node contact holes 49a and 49b, respec 
tively. The first and second node plugs 51a and 51b may be 
formed of a conductive layer that forms an ohmic contact 
with respect to P-type and N-type semiconductor materials. 
For example, the conductive layer may be formed of a metal 
layer Such as a tungsten layer or may be formed by sequen 
tially stacking a barrier metal layer Such as a titanium nitride 
layer and a metal layer Such as a tungsten layer. In this case, 
each of the first and second node plugs 51a and 51b may be 
formed to have a tungsten plug and a barrier metal layer 
pattern Surrounding the tungsten plug. 
0121. As a result, a first inverter composed of the first 
driver transistor TD1 and the first load transistor TL1 is 
cross-coupled with a second inverter composed of the sec 
ond driver transistor TD2 and the second load transistor TL2 
by the node plugs 51a and 51b. 
0122) A fourth interlayer insulating layer 53 may be 
formed on a top surface of the semiconductor Substrate 
having the node plugs 51a and 51b. 
0123. Alternatively, the first and second node plugs 51a 
and 51b may be formed to have another configuration which 
is different from the first and second node plugs 51a and 51b. 
0124 FIG. 14C is a cross-sectional diagram that illus 
trates methods of forming first node plugs of SRAM cells in 
accordance with further embodiments of the present inven 
tion. 

0125 Referring to FIG. 14C, the first to third interlayer 
insulating layers 17.33 and 49, the first to third etch stoppers 
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15, 31 and 47, the first and second source regions 45s' and 
45s" of the transfer transistors TT1 and TT2, the first and 
second drain regions 29d and 29d" of the load transistors 
TL1 and TL2, the first and second upper node semiconduc 
tor plugs 35a and 35b, and the first and second lower node 
semiconductor plugs 19a and 19b may be etched to form a 
first node contact hole 49a' and a second node contact hole 
(not shown). In this case, the first and second lower node 
semiconductor plugs 19a and 19b may be recessed so that a 
first recessed lower node semiconductor plug 19a' and a 
second recessed lower node semiconductor plug (not shown) 
remain on the first and second drain regions 13d and 13d" 
respectively. 

0.126 When, for example, the first and second lower node 
semiconductor plugs 19a and 19b have a different conduc 
tivity type from the first and second drain regions 13d and 
13d" or are formed of an intrinsic semiconductor, the first 
and second node contact holes may be formed to expose the 
first drain region 13d adjacent to the first recessed lower 
node semiconductor plug 19a' and the second drain region 
13d" adjacent to the second recessed lower node semicon 
ductor plug, respectively. 
0127. A first node plug 51a" and a second node plug (not 
shown) are formed in the first and second node contact 
holes, respectively. The first node plug 51a" and the second 
node plug may be formed using the same method as 
described with reference to FIGS. 14A and 14B. 

0128 Referring to FIGS. 7, 15A and 15B, the first to third 
etch stoppers 15, 31 and 47 and the first to fourth interlayer 
insulating layers 17, 33, 49 and 53 may be patterned to form 
first and second ground line contact holes 53s and 53s". The 
first ground line contact hole 53s' may be formed to expose 
the first source region 13s"in the first ground active region 
3s', and the second ground line contact hole 53s" may be 
formed to expose the second source region 13s" in the 
second ground active region 3s". During formation of first 
and second ground line contact holes 53s' and 53s", first and 
second power line contact holes 53c and 53c" may be 
formed to expose the extension of the first lower body 
pattern 21a (i.e., the source region 29s' of the first load 
transistor) and the extension of the second lower body 
pattern 21b (i.e., the source region 29s" of the second load 
transistor), respectively. 
0129. First and second ground line contact plugs 55s' and 
55s" are formed in the first and second ground line contact 
holes 53s' and 53s" respectively. During formation of the 
ground line contact plugs 55s' and 55s", first and second 
power line contact plugs 55c and 55c" may be formed in the 
first and second power line contact holes 53c and 53c" 
respectively. The ground line contact plugs 55s' and 55s" and 
the first and second power line contact plugs 55c' and 55c" 
may be formed, for example, of a conductive layer that 
forms an ohmic contact with both P-type and N-type semi 
conductor materials. For example, the ground line contact 
plugs 55s' and 55s" and the first and second power line 
contact plugs 55c' and 55c" may be formed using the same 
methods as the methods described above with reference to 
FIGS. 14A and 14B for forming the node plugs 51a and 51b. 
0.130. A fifth interlayer insulating layer 57 may hten be 
formed on a top Surface of the semiconductor Substrate 
having the ground line contact plugs 55s' and 55s" and the 
power line contact plugs 55c and 55c". 
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0131. As shown in FIGS. 8, 16A and 16B, ground lines 
59s and power lines 59c may be formed in the fifth interlayer 
insulating layer 57 using, for example, a damascene tech 
nique. The ground lines 59s and the power lines 59c may be 
formed to be substantially parallel to the word line pattern 
42. The ground lines 59s may be formed over the unit cells 
arranged in odd rows (parallel with the X-axis), and the 
power lines 59c may be formed over unit cells arranged in 
even rows. In further embodiments of the present invention, 
the ground lines 59s may be formed over unit cells arranged 
in even rows and the power lines 59c may be formed over 
the unit cells arranged in odd rows. The ground lines 59s 
may cover the first and second ground line contact plugs 55s' 
and 55s", and the power lines 59c may cover the first and 
second power line contact plugs 55c and 55c". A sixth 
interlayer insulating layer 61 may then be formed on a top 
Surface of the semiconductor Substrate having the ground 
lines 59s and the power lines 59c. 

0132) Referring to FIGS. 9, 17A and 17B, the third to 
sixth interlayer insulating layers 49, 53, 57 and 61 and the 
third etch stopper 47 may be etched to form first and second 
bit line contact holes 61b' and 61b". The first bit line contact 
hole 61b may expose the first drain region 45d of the first 
transfer transistor TT1, and the second bit line contact hole 
61b" may expose the second drain region 45d" of the second 
transfer transistor TT2. First and second bit line contact 
plugs 63b' and 63b" may be formed in the first and second 
bit line contact holes 61b' and 61b" respectively. First and 
second parallel bit lines 65b' and 65b" may be formed on the 
sixth interlayer insulating layer 61. The first and second bit 
lines 65b' and 65b" may cross over the ground lines 59s and 
the power lines 59c. The first bit line 65b' may cover the first 
bit line contact plug 63b', and the second bit line 65b" may 
cover the second bit line contact plug 63b'. 

0133. Herein, reference is made to transistors (or other 
elements) that are “at” or “formed at a semiconductor 
Substrate (or other region). These terms are used to indicate 
that the transistor (or other element) is provided on and/or in 
the semiconductor Substrate (or other region). Thus, for 
example, in Some embodiments of the present invention, 
portions of the transistor (e.g., a source region, a drain region 
and/or a channel region) may be provided in the semicon 
ductor Substrate while other portions (e.g., a gate) is pro 
vided on the semiconductor substrate. In other embodi 
ments, the transistor may be formed in its entirety on the 
Substrate (such as may be the case with a semiconductor 
on-insulator transistor). In each instance, the transistor 
would be “at” or “formed at the semiconductor substrate. 

0134 Herein, reference is also made to a first transistor 
that “overlaps” a second transistor. A first transistor “over 
laps a second transistor if an axis exists that is perpendicu 
lar to the semiconductor substrate on which the transistors 
are formed that passes through any portion of both transis 
tors (e.g., the gate, Source and/or drain). In certain embodi 
ments of the present invention, various of the transistors may 
have a more complete overlap of one or more additional 
transistors such that an axis exists that is perpendicular to the 
semiconductor Substrate on which the transistors are formed 
that passes through the controlled terminal (e.g., the gate) of 
the first transistor and any portion of the second transistor. 
Herein, a second transistor that is configured in this matter 
is said to “overlap the gate' transistor. 

Jan. 31, 2008 

0.135 Herein, reference is further made to first and/or 
second “impurity regions of various transistors. By the 
term "impurity region’ it is meant a region of the transistor 
that includes intentionally doped or added impurities Such 
as, for example, a semiconductor region that includes 
implanted impurity ions. The Source and drain regions of a 
transistor, however formed, would each comprise an "impu 
rity region.” 
0.136 Various embodiments of the present invention that 
are described and claimed herein include “etch stopper' 
layers. These etch stopper layers may, for example, be 
provided to facilitate the etching of a first interlayer insu 
lating layer that is provided on the etch stopper layer. It will 
be appreciated that the etch stopper may be implemented as 
a second interlayer insulating layer that is provided below 
the first interlayer insulating layer that is to be etched. 
0.137 In addition, various embodiments of the present 
invention include first, second and third interlayer insulating 
layers. It will be appreciated that each of the first, second or 
third interlayer insulating layers may comprise a single layer 
or may comprise multiple layers which together form the 
first, second or third interlayer insulating layer. By way of 
example, in the embodiment of the present invention 
depicted in FIGS. 17A and 17B, layer 15, layer 17 or the 
combination of layers 15 as and 17 may be considered to 
comprise the first interlayer insulating layer. 
0.138 Herein reference is also made to “single crystal 
line” layers. By “single crystalline” it is meant that the 
material generally has the structure of a single crystal (i.e., 
has long range in its structure). "Single crystalline’ layers 
are in contrast to polycrystalline layers, which are materials 
that have the structure of a collection of small crystals 
(somewhat similar to a honeycomb structure) and amor 
phous materials, which are materials that have no (long 
range) order in its structure whatsoever (or combinations of 
polycrystalline and amorphous materials). Reference is also 
made herein to “single crystalline transistors.” This phrase 
refers to transistors having a channel that is formed in a 
single crystalline semiconductor layer or region. 
0.139 Reference is also made herein to “bulk' transistors 
and “thin film transistors. It will be appreciated by those of 
skill in the art that “bulk' transistors refer to transistors that 
include Source/drain regions that are formed in a semicon 
ductor substrate, whereas “thin film' transistors refer to 
transistors that are formed at layers of the device that are 
above the substrate. 

0140 Herein reference is also made to various types of 
“node plugs.” Herein, the term “node plug' refers to a 
conductive plug that electrically interconnects two or more 
electrical elements (e.g. transistors, capacitors, etc.) in a 
device. 

0.141. As noted above, according to embodiments of the 
present invention, a pair of lower TFTs and a pair of upper 
TFTs may be sequentially stacked on a pair of bulk transis 
tors. In certain embodiments of the present invention, the 
above-mentioned transistors may constitute a latch circuit 
with a pair of node contact structures to provide, for 
example, an SRAM cell. The lower TFTs and the upper 
TFTs may be formed in single crystalline body patterns 
which can provide excellent electrical characteristics. 
0142. In the drawings and specification, there have been 
disclosed typical embodiments of the invention and, 
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although specific terms are employed, they are used in a 
generic and descriptive sense only and not for purposes of 
limitation, the scope of the invention being set forth in the 
following claims. 

1. An integrated circuit comprising: 
a first transistor having first and second impurity regions 

formed at a semiconductor Substrate; 
a first interlayer insulating layer on the first transistor, 
a second transistor having first and second impurity 

regions on the first interlayer insulating layer opposite 
the first transistor; 

a second interlayer insulating layer on the second tran 
sistor opposite the first interlayer insulating layer, 

a third transistor having first and second impurity regions 
on the second interlayer insulating layer opposite the 
second transistor; 

a third interlayer insulating layer on the third transistor 
opposite the second interlayer insulating layer, and 

a node plug penetrating the first, second and third inter 
layer insulating layers to electrically connect the first 
impurity region of the first transistor, the first impurity 
region of the second transistor and the first impurity 
region of third transistor to one another. 

2. The integrated circuit as recited in claim 1, wherein the 
second transistor overlaps the first transistor, and wherein 
the third transistor overlaps the second transistor. 

3. The integrated circuit as recited in claim 1, wherein the 
first transistor comprises a bulk transistor and wherein the 
second and third transistors comprise thin film transistors. 

4. The integrated circuit as recited in claim 3, wherein the 
second and third transistors each comprise single crystalline 
thin film transistors. 

5. The integrated circuit as recited in claim 1, further 
comprising: 

a lower node semiconductor plug between the first impu 
rity region of the second transistor and the first impurity 
region of the first transistor, and 

an upper node semiconductor plug between the first 
impurity region of the third transistor and the first 
impurity region of the second transistor; 

wherein the node plug also is electrically connected to the 
lower and upper node semiconductor plugs. 

6-9. (canceled) 
10. The integrated circuit as recited in claim 5, wherein 

the lower node semiconductor plug and the first impurity 
region of the first transistor are of same conductivity type. 

11. (canceled) 
12. A static random access memory (SRAM) cell com 

prising: 
a first bulk transistor having a first impurity region formed 

at least partially in a semiconductor Substrate; 
a second bulk transistor having a first impurity region 

formed at least partially in the semiconductor Substrate; 
a first interlayer insulating layer on the first and second 

bulk transistors; 
a first lower thin film transistor having a first impurity 

region on the first interlayer insulating layer, 
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a second lower thin film transistor having a first impurity 
region on the first interlayer insulating layer, 

a second interlayer insulating layer on the first and second 
lower thin film transistors; 

a first upper thin film transistor having a first impurity 
region on the second interlayer insulating layer; 

a second upper thin film transistor having a first impurity 
region on the second interlayer insulating layer; 

a third interlayer insulating layer on the first and second 
upper thin film transistors; 

a first node plug penetrating the first, second and third 
interlayer insulating layers to electrically connect the 
first impurity region of the first bulk transistor, the first 
impurity region of the first lower thin film transistor 
and the first impurity region of the first upper thin film 
transistor to one another; and 

a second node plug penetrating the first, second and third 
interlayer insulating layers to electrically connect the 
first impurity region of the second bulk transistor, the 
first impurity region of the second lower thin film 
transistor and the first impurity region of the second 
upper thin film transistor to one another. 

13. The SRAM cell as recited in claim 12, wherein the 
first lower thin film transistor overlaps the first bulk tran 
sistor and wherein the second lower thin film transistor 
overlaps the second bulk transistor, and wherein the first 
upper thin film transistor overlaps the first lower thin film 
transistor, and wherein the second upper thin film transistor 
overlaps the second lower thin film transistor. 

14. The SRAM cell as recited in claim 12, wherein the 
first and second lower thin film transistors and the first and 
second upper thin film transistors each comprise single 
crystalline thin film transistors. 

15. The SRAM cell as recited in claim 12, further com 
prising: 

a first lower node semiconductor plug between the first 
impurity region of the first lower thin film transistor 
and the first impurity region of the first bulk transistor; 

a first upper node semiconductor plug between the first 
impurity region of the first upper thin film transistor 
and the first impurity region of the first lower thin film 
transistor, 

a second lower node semiconductor plug between the first 
impurity region of the second lower thin film transistor 
and the first impurity region of the second bulk tran 
sistor; and 

a second upper node semiconductor plug between the first 
impurity region of the second upper thin film transistor 
and the first impurity region of the second lower thin 
film transistor, 

wherein the first node plug is electrically connected to the 
first lower node semiconductor plug and the first upper 
node semiconductor plug, and wherein the second node 
plug is electrically connected to the second lower node 
semiconductor plug and the second upper node semi 
conductor plug. 

16-19. (canceled) 
20. The SRAM cell as recited in claim 15, wherein the 

first lower node semiconductor plug has the same conduc 
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tivity type as the first impurity region of the first bulk 
transistor and the second lower node semiconductor plug has 
the same conductivity type as the first impurity region of the 
second bulk transistor. 

21. The SRAM cell as recited in claim 15, wherein the 
first lower node semiconductor plug has a different conduc 
tivity type than does the first impurity region of the first bulk 
transistor, and wherein the second lower node semiconduc 
tor plug has a different conductivity type than does the first 
impurity region of the second bulk transistor, and wherein 
the first node plug is in direct contact with the first impurity 
region of the first bulk transistor, and wherein the second 
node plug is in direct contact with the first impurity region 
of the second bulk transistor. 

22. The SRAM cell as recited in claim 12, wherein the 
first and second bulk transistors comprise first and second 
N-channel driver transistors, respectively, and wherein the 
first impurity region of the first bulk transistor comprises the 
drain region of the first bulk transistor, and wherein the first 
impurity region of the second bulk transistor comprises the 
drain region of the second bulk transistor. 

23. The SRAM cell as recited in claim 22, wherein the 
first N-channel driver transistor has a gate electrode that is 
electrically connected to the second node plug, and wherein 
the second N-channel driver transistor has a gate electrode 
that is electrically connected to the first node plug. 

24. The SRAM cell as recited in claim 23, wherein the 
first and second lower thin film transistors comprise first and 
second P-channel load transistors, respectively, and wherein 
the first and second upper thin film transistors comprise first 
and second N-channel transfer transistors, respectively, and 
wherein the first impurity region of the first lower thin film 
transistor comprises a drain region of the first lower thin film 
transistor, and wherein the first impurity region of the second 
lower thin film transistor comprises a drain region of the 
second lower thin film transistor, and wherein the first 
impurity region of the first upper thin film transistor com 
prises a source region of the first upper thin film transistor 
and wherein the first impurity region of the second upper 
thin film transistor comprises a Source region of the second 
upper thin film transistor. 

25. The SRAM cell as recited in claim 24, wherein the 
first P-channel load transistor has a gate electrode that is 
electrically connected to the second node plug, and the 
second P-channel load transistor has a gate electrode that is 
electrically connected to the first node plug. 

26. The SRAM cell as recited in claim 24, wherein the 
first and second N-channel transfer transistors have gate 
electrodes that are electrically connected to each other to act 
as a word line. 

27. The SRAM cell as recited in claim 24, further com 
prising: 

a ground line that is electrically connected to the Source 
regions of the first and second N-channel driver tran 
sistors; and 

a power line that is electrically connected to the Source 
regions of the first and second P-channel load transis 
tors; 

wherein the ground line and the power line are Substan 
tially in parallel with a gate electrode of the first 
N-channel driver transistor and with a gate electrode of 
the second N-channel driver transistor. 
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28. The SRAM cell as recited in claim 25, further com 
prising: 

a first bit line that is electrically connected to the drain 
region of the first N-channel transfer transistor; and 

a second bit line that is electrically connected to the drain 
region of the second N-channel transfer transistor, 

wherein the first and second bit lines cross over the power 
line and the ground line. 

29. The SRAM cell as recited in claim 28, wherein the 
first bit line is substantially perpendicular to a gate electrode 
of the first N-channel driver transistor, a gate electrode of the 
first P-channel load transistor and a gate electrode of the first 
N-channel transfer transistor when viewed from an axis that 
is perpendicular to the primary plane of the semiconductor 
Substrate, and the second bit line is Substantially perpen 
dicular to a gate electrode of the second N-channel driver 
transistor, a gate electrode of the second P-channel load 
transistor and a gate electrode of the second N-channel 
transfer transistor when viewed from an axis that is perpen 
dicular to the primary plane of the semiconductor Substrate. 

30. The SRAM cell as recited in claim 23, wherein the 
first and second lower thin film transistors comprise first and 
second N-channel transfer transistors, respectively, and 
wherein the first and second upper thin film transistors 
comprise first and second P-channel load transistors, respec 
tively, and wherein the first impurity region of the first lower 
thin film transistor comprises a source region of the first 
lower thin film transistor, and wherein the first impurity 
region of the second lower thin film transistor comprises a 
Source region of the second lower thin film transistor, and 
wherein the first impurity region of the first upper thin film 
transistor comprises a drain region of the first upper thin film 
transistor and wherein the first impurity region of the second 
upper thin film transistor comprises a drain region of the 
second upper thin film transistor. 

31. The SRAM cell as recited in claim 30, wherein the 
first P-channel load transistor has a gate electrode that is 
electrically connected to the second node plug, and wherein 
the second P-channel load transistor has a gate electrode that 
is electrically connected to the first node plug. 

32. A static random access memory (SRAM) cell com 
prising: 

an isolation layer in a semiconductor Substrate that defines 
first and second active regions; 

a first bulk transistor and a second bulk transistor at least 
partially in the first and second active regions, respec 
tively; 

a first interlayer insulating layer on the first and second 
bulk transistors; 

a first single crystalline lower body pattern and a second 
single crystalline lower body pattern on the first inter 
layer insulating layer; 

a first lower thin film transistor and a second lower thin 
film transistor at the first and second lower body 
patterns, respectively; 

a second interlayer insulating layer on the first and second 
lower thin film transistors; 

a first single crystalline upper body pattern and a second 
single crystalline upper body pattern on the second 
interlayer insulating layer, 
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a first upper thin film transistor and a second upper thin 
film transistor at the first and second upper body 
patterns, respectively; 

a third interlayer insulating layer on the first and second 
upper thin film transistors; 

a first node plug penetrating the first, second and third 
interlayer insulating layers to electrically connect a first 
impurity region of the first bulk transistor; a first 
impurity region of the first lower thin film transistor 
and a first impurity region of the first upper thin film 
transistor to one another; and 

a second node plug penetrating the first, second and third 
interlayer insulating layers to electrically connect a first 
impurity region of the second bulk transistor, a first 
impurity region of the second lower thin film transistor 
and a first impurity region of the second upper thin film 
transistor to one another. 
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33. The SRAM cell as recited in claim 32, wherein the 
first and second bulk transistors comprise first and second 
N-channel driver transistors, respectively, and wherein the 
first impurity region of the first bulk transistor comprises the 
drain region of the first bulk transistor, and wherein the first 
impurity region of the second bulk transistor comprises the 
drain region of the second bulk transistor. 

34. The SRAM cell as recited in claim 33, wherein the 
first N-channel driver transistor has a gate electrode that is 
electrically connected to the second node plug, and wherein 
the second N-channel driver transistor has a gate electrode 
that is electrically connected to the first node plug. 

35-81. (canceled) 


