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THYRISTOR RANDOMACCESS MEMORY 

BACKGROUND 

0001 Volatile memory systems, such as random-access 
memory (RAM), are widely used as a form of primary data 
storage in computer memories. Volatile memory devices per 
form read and write operations quickly, allowing fast access 
to transiently stored data when the memory devices are pow 
ered. The stored data is lost when the devices are not powered. 
Presently, volatile memory devices are utilized in a wide 
range of applications including, for example, mobile phones, 
digital cameras, personal computers, and other applications 
where permanent data storage is not required or when fast 
data manipulation is desired. Typical volatile memory 
devices include, for example, Static RAM (SRAM) and 
Dynamic RAM (DRAM). Volatile memory devices are 
widely implemented in the form of embedded memory. 
0002. In recent years, various types of memory cells, stor 
age mediums and program-and-read technologies have been 
developed. For instance, thyristor random access memory 
(T-RAM) is a new type of DRAM memory, combining the 
strengths of DRAM and SRAM to achieve high density and 
high speed. This technology, which exploits the electrical 
property known as negative differential resistance and is 
called thin capacitively-coupled thyristor, is used to create 
memory cells capable of very high packing densities. Other 
benefits of T-RAM include, but not limited to, manufacturing 
process compatible with existing logic process, low operating 
Voltage (e.g., approximately 1.5V), high I./I ratio (e.g., in 
the order of 10), fast read/write speed (e.g., approximately 1 
ins) and good retention rate (e.g., approximately 10 ms or 
greater than 256 ms). 
0003. On the other hand, there are issues and drawbacks 
associated with existing designs of T-RAM and existing 
manufacturing methods thereof. For example, in existing 
designs, the n-type base, silicide block and heavily doped 
p-type base are not self-aligned. I implantation is performed 
after silicide block formation. The cost of forming silicon 
on-insulator (SOI) substrate is high. Besides, there remains a 
need for lower operating Voltage, longer refresh time and 
smaller cell size. 
0004. Accordingly, there remains a need for a new design 
of T-RAM based memory devices, and a manufacturing 
method thereof, to address the aforementioned issues. 

SUMMARY 

0005 Embodiments generally relate to memory devices 
and manufacturing methods thereof. In one embodiment, a 
device is disclosed. The device includes a Substrate having a 
well of a first polarity type and a thyristor-based memory cell. 
The thyristor-based memory cell includes at least a first 
region of a second polarity type adjacent to the well, a gate 
which serves as a second word line disposed on the Substrate, 
at least a first layer of the first polarity type disposed adjacent 
to the first region of the second polarity type and adjacent to 
the gate, and at least a heavily doped first layer of the second 
polarity type disposed on the first layer of the first polarity 
type and adjacent to the gate. At least the heavily doped first 
layer of the second polarity type is self-aligned with side of 
the gate. 
0006. In another embodiment, a method of forming a 
device is disclosed. A substrate having a well of a first polarity 
type is provided. The method includes forming a thyristor 
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based memory cell. The thyristor-based memory cell is 
formed by forming at least a first region of a second polarity 
type adjacent to the well, forming a gate on the Substrate, 
forming at least a first layer of the first polarity type adjacent 
to the first region of the second polarity type and adjacent to 
the gate, and forming at least a heavily doped first layer of the 
second polarity type on the first layer of the first polarity type 
and adjacent to the gate. The gate serves as a second word line 
and at least the heavily doped first layer of the second polarity 
type is self-aligned with side of the gate. 
0007. These embodiments, along with other advantages 
and features herein disclosed, will become apparent through 
reference to the following description and the accompanying 
drawings. Furthermore, it is to be understood that the features 
of the various embodiments described herein are not mutually 
exclusive and can exist in various combinations and permu 
tations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008. In the drawings, like reference characters generally 
refer to the same parts throughout the different views. Also, 
the drawings are not necessarily to scale, emphasis instead 
generally being placed upon illustrating the principles of the 
present disclosure. In the following description, various 
embodiments of the present disclosure are described with 
reference to the following drawings, in which: 
0009 FIGS. 1a-1b show cross-sectional views of various 
embodiments of a device. 
10010 FIGS. 2a-2b show cross-sectional views of various 
embodiments of a device. 
0011 FIGS. 3a-3b show cross-sectional views of various 
embodiments of a device. 
0012 FIGS. 4a-4d show cross-sectional views of other 
various embodiments of a device. 
0013 FIGS. 5a-5i show cross-sectional views of an 
embodiment of a process for forming a device in accordance 
with one embodiment of the present disclosure. 
0014 FIGS. 6a-6d show cross-sectional views of an 
embodiment of a process for forming a device in accordance 
with another embodiment of the present disclosure. 
0015 FIGS. 7a-7h show cross-sectional views of an 
embodiment of a process for forming a device in accordance 
with yet another embodiment of the present disclosure. 
0016 FIGS. 8a-8e show cross-sectional views of an 
embodiment of a process for forming a device in accordance 
with yet another embodiment of the present disclosure. 
0017 FIGS. 9a-9h show cross-sectional views of an 
embodiment of a process for forming a device in accordance 
with yet another embodiment of the present disclosure. 
0018 FIGS. 10a-10d show cross-sectional views of an 
embodiment of a process for forming a device in accordance 
with yet another embodiment of the present disclosure. 
0019 FIGS. 11a–11f show cross-sectional views of an 
embodiment of a process for forming a device in accordance 
with yet another embodiment of the present disclosure. 
0020 FIGS. 12a-12c show cross-sectional views of an 
embodiment of a process for forming a device in accordance 
with yet another embodiment of the present disclosure. 
0021 FIGS. 13a-13e show cross-sectional views of an 
embodiment of a process for forming a device in accordance 
with yet another embodiment of the present disclosure. 
0022 FIGS. 14a-14b show cross-sectional views of an 
embodiment of a process for forming a device in accordance 
with yet another embodiment of the present disclosure. 
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DETAILED DESCRIPTION 

0023 Embodiments generally relate to memory devices 
and manufacturing methods thereof. A memory device 
according to the present disclosure includes a T-RAM having 
a thyristor structure built on or integrated with complemen 
tary metal oxide semiconductor (CMOS) processing, with at 
least self-aligned first polarity type base and self-aligned 
elevated heavily doped second polarity type emitter layer of 
the anode portion of the thyristor structure. For illustration 
purpose, the first polarity type, for example, may be referred 
to as n-type while the second polarity type, for example, may 
be referred to as p-type. However, it is understood that modi 
fications may be made such that the first polarity type, for 
example, may be referred to as p-type while the second polar 
ity type, for example, may be referred to as n-type. The 
memory device according to the present disclosure offers a 
number of novel features vis-a-vis existing designs of 
memory devices. Firstly, a memory device according to the 
present disclosure is compact in size. Secondly, several fea 
tures of a memory device according to the present disclosure 
are self-aligned. Thirdly, a memory device according to the 
present disclosure achieves better performance in terms of 
lower operating Voltage, faster read/write operation, and bet 
terretention. Fourthly, a symmetrical two-bits-per-cell struc 
ture may be achieved. Moreover, the process of manufactur 
ing the memory device according to the present disclosure is 
compatible with logic technology. 
0024 FIG. 1a shows a cross-sectional view of a device 
100 in accordance with one embodiment of the present dis 
closure. The device 100, in one embodiment, includes a 2 
T-RAM structure or two-bits-per-cell structure. The device 
100 includes first and second thyristor structures built on or 
integrated with features formed by CMOS processing. The 
device 100 includes a substrate 102. The substrate, for 
example, is a semiconductor Substrate. Such as a silicon Sub 
strate. In one embodiment, the Substrate is a p-type doped 
Substrate. For example, the p-type doped Substrate is a lightly 
doped p-type substrate. Other types of semiconductor Sub 
strates may also be useful. For example, semiconductor Sub 
strates such as silicon germanium, gallium or gallium ars 
enide may also be useful. 
0025. The substrate includes a device region. The device 
region, for example, is surrounded by an isolation region (not 
shown). The isolation region may be used to separate the 
device region from other device regions on the Substrate (not 
shown). The isolation region, for example, is a shallow trench 
isolation (STI) region. Other types of isolation regions may 
also be employed. 
0026. A well 104 of a first polarity type is disposed in the 
substrate 102. The dopant concentration of the well 104 may 
be about, for example, 10'cm to 10" cm. Other suitable 
dopant concentrations may also be useful. In one embodi 
ment, the first polarity type is n-type and the second polarity 
type is p-type. In Such case, the well 104 is an n-type well or 
a deep n-type well (DNW), and the substrate 102 is a p-type 
substrate. The device includes a first region 106a of the sec 
ond polarity type formed in the substrate 102 and over the 
well 104, a second region 106b of the second polarity type 
formed in the substrate 102 and over the well 104, and a gate 
of disposed on the substrate 102 and disposed between the 
first and second regions of the second polarity type 106a/ 
106b. The dopant concentration of the first and second 
regions of the second polarity type 106a/106b may be about, 
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for example, 10' cm to 10' cm. Other suitable dopant 
concentrations may also be useful. 
0027. In one embodiment, the first and second regions of 
the second polarity type 106a/106b include band-engineered 
(BE) regions. In one embodiment, either or both of the first 
and second regions of the second polarity type 106a/106b 
include silicon germanium (SiGe), Si:C or Ge BE regions. 
Other suitable types of BE materials may also be useful. The 
BE region, in one embodiment, is an epitaxial BE layer. 
0028. The gate includes a gate electrode 114 and a gate 
dielectric 116. Spacers 118 are disposed on first and second 
sides of the gate. For illustration purpose, the gate is a high-k 
metal gate. For example, the gate electrode 114 may be a 
metal gate electrode, such as TaN or TiN. As for the gate 
dielectric layer 116, it may be a high-kgate dielectric, such as 
HfSiON, SiON or HfC). Other suitable types of gate elec 
trode and gate dielectric materials may also be useful. For 
example, the gate electrode 114 may include polysilicon 
while the gate dielectric may include SiO. In some embodi 
ments, the gate dielectric may further include a work function 
tuning layer. For example, La O may be provided for an 
n-type device while TiN/Al/TiN may be provided for a p-type 
device in addition to HfSiON and/or HfC). Other suitable 
configurations of gates may also be useful. 
0029. As described earlier, the device is a 2 T-RAM or 
two-bits-per-cell structure having thyristor structures built on 
orintegrated with CMOS processing. In one embodiment, the 
device includes a first thyristor structure having a first layer of 
the first polarity type 108a disposed on the first region of the 
second polarity type 106a and adjacent a first side of the gate. 
The first thyristor structure also includes a heavily doped first 
layer of the second polarity type 110a disposed on the first 
layer of the first polarity type 108a and adjacent the first side 
of the gate. The device, in one embodiment, includes a second 
thyristor structure having a second layer of the first polarity 
type 108b disposed on the second region of the second polar 
ity type 106b and adjacent a second side of the gate which is 
opposite the first side of the gate. The second thyristor struc 
ture also includes a heavily doped second layer of the second 
polarity type 110b disposed on the second layer of the first 
polarity type 108b adjacent to the second side of the gate. The 
dopant concentration of the heavily doped first and second 
layers of the second polarity type 110a and 110b, for 
example, is about 10 cm to 10 cm. The dopant con 
centration of the first and second layers of the first polarity 
type 108a and 108b, for example, is about 107 cm to 10' 
cm. Other suitable dopant concentrations may also be use 
ful. 

0030 The first and second layers of the first polarity type 
108a/108b serve as the base while the heavily doped first and 
second layers of the second polarity type 110a/110b serve as 
the emitter of the anode portion of the respective first and 
second thyristor structures. The adjacent layer of the first 
polarity type and the layer of the heavily doped second polar 
ity type form a p-n junction of the anode portion of the 
thyristor structure. Further, the first and second regions of the 
second polarity type 106a/106b also serve as the base while 
the well 104 also serves as the emitter of the cathode portion 
of the respective first and second thyristor structures. The 
adjacent layer of the second polarity type and the well form a 
p-n junction of the cathode portion of the thyristor structure. 
The well also functions as the first word line of the device 
while the gate 114 is configured to function as a second word 
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line of the device and is capacitively coupled to the layers of 
the second polarity type 106a/106b through the gate dielec 
tric 116. 
0031. The device 100 further includes an interlevel dielec 

tric (ILD) layer 120 disposed over the first and second thy 
ristor structures and the gate. The ILD layer, for example, 
includes an oxide layer. Other suitable types of dielectric 
material may also be used. Silicide contacts 112 may be 
formed between the ILD layer 120 and the heavily doped first 
and second layers of the second polarity type 110a/110b. The 
ILD layer 120 includes a first contact opening that is coupled 
to the heavily doped first layer of the second polarity type 
110a of the first thyristor structure. A first electrically-con 
ductive material is filled in the first opening of the ILD layer 
120 to form the first contact 122a and configured to couple to 
a first bit line of the device 100. The ILD layer 120 also 
includes a second contact opening that is coupled to the 
heavily doped second layer of the second polarity type 110b 
of the second thyristor structure. A second electrically-con 
ductive material is filled in the second opening of ILD layer 
120 to form the second contact 122b and is coupled to a 
Second bit line of the device 100. 
0032. As shown in FIG.1a, the gate is a recessed gate such 
that a portion of the gate is extended vertically with respect to 
a horizontal plane toward the well 104 to be parallel with the 
first and second regions of the second polarity type 106a/106b 
with respect to the horizontal plane. Further, as described 
above, the first and second regions of the second polarity type 
106a/106b include band-engineered (BE) regions. These fea 
tures help lower the operating Voltage, improve read/write 
speed, and further improve retention time of the memory 
device 100. 
0033. As shown in FIG. 1a, the device 100 includes first 
and second thyristor structures which enable a symmetrical 
two-bits-per-cell design to be achieved. The embodiment, as 
shown in FIG. 1a, includes two different bits in a single cell 
structure. Further, the device also features self-aligned and 
compact first polarity type layer 108a/108b and heavily 
doped second polarity type layer 110a/110b. This helps 
improve variation and achieve Smaller cell size. The operation 
of the device 100, for example, is similar to the operation of a 
conventional T-RAM structure. The operation of a T-RAM 
structure is described in, for example, “32 nm High-density 
High-speed T-RAM Embedded Memory Technology’. 
Gupta et al., Electron Devices Meeting (IEDM), 2010 IEEE 
International, 2010, pp. 12.1.1-12.1.4, which is incorporated 
herein by reference for all purposes. 
0034 FIG. 1b shows a cross-sectional view of a memory 
device 150 which varies from the memory device 100 of FIG. 
1a in accordance with another embodiment of the present 
disclosure. As most components of the memory device 150 
are identical or at least similar to corresponding components 
of the memory device 100, in the interest of brevity, the 
description below focuses on the differences between the 
memory device 150 and the memory device 100. 
0035. As shown in FIG.1b, the gate of the memory device 
150 does not extend below the top surface of the substrate 102 
as does the gate of the memory device 100. In particular, gate 
electrode 164 and gate dielectric 166 of the memory device 
150 do not extend below the top surface of the substrate 102 
to be parallel with the first and second regions of the second 
polarity type 106a/106b. 
0.036 FIG. 2a shows a cross-sectional view of a device 
200 in accordance with one embodiment of the present dis 
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closure. The device 200 includes a T-RAM similar to the 
device shown in FIGS. 1a-1b. Thus, similar features will not 
be described in detail. 
0037 Referring to FIG. 2a, the device 200 includes a well 
204 of a first polarity type formed in a substrate 202 of a 
second polarity type, a region 206 of the second polarity type 
disposed over the well 204, and a gate disposed on the sub 
strate 202. The gate includes a gate electrode 214 and a gate 
dielectric 216. Spacers 218 are disposed on first and second 
sides of the gate. 
0038. The device includes a thyristor structure having a 
layer of the first polarity type 208 disposed on the region of 
the second polarity type 206 adjacent to a first side of the gate. 
The thyristor structure also includes a heavily doped layer of 
the second polarity type 210 disposed on the first layer of the 
first polarity type 208 adjacent to the first side of the gate. 
0039. In one embodiment, the layer of the first polarity 
type 208 serves as the base while the heavily doped layer of 
the second polarity type 210 serves as the emitter of the anode 
portion of the thyristor structure. The adjacent layer of the 
first polarity type and the layer of the heavily doped second 
polarity type form a p-n junction of the anode portion of the 
thyristor structure. Further, the region of the second polarity 
type 206 also serves as the base while the well 204 serves as 
the emitter of the cathode portion of the thyristor structure. 
The adjacent layer of the second polarity type 206 and the 
well 204 form a p-n junction of the cathode portion of the 
thyristor structure. The well also functions as the first word 
line of the device while the gate 114 is configured to function 
as a second wordline of the device and is capacitively coupled 
to the layer of the second polarity type 206 through the gate 
dielectric 216. 
0040. The device 200 further includes an ILD layer 220 
disposed over the heavily doped layer of the second polarity 
type 210 and the gate. A silicide contact 212 may be formed 
between the ILD layer 220 and the heavily doped layer of the 
second polarity type 210. The ILD layer 220 includes a con 
tact opening that is coupled to the heavily doped layer of the 
second polarity type 210. An electrically-conductive material 
is filled in the opening of the ILD layer 220 to form the contact 
222 and is coupled to a bit line of the memory device 200. 
0041. The memory device 200 further includes a shallow 
trench isolation (STI) region 224 disposed in the well 204. As 
shown in FIG.2a, the dielectric layer 220 extends toward the 
substrate 202, to be adjacent to a second side of the gate 
opposite the first side of the gate, and in contact with the STI 
region 224. The gate, as shown, lands on the edge of the STI 
region. This may reduce the interference of one cell from 
another cell. 
0042. In one embodiment, the region of the second polar 
ity type 206 includes a BE region. In one embodiment, the 
region of the second polarity type 206 includes SiGe. Si:C or 
Ge BE region. Other suitable types of BE materials may also 
be useful. The BE region, in one embodiment is an epitaxial 
layer. As shown in FIG. 2a, the gate is a recessed gate such 
that a portion of the gate is extended vertically with respect to 
a horizontal plane toward the well 204 to be parallel with the 
region of the second polarity type 206 with respect to the 
horizontal plane. These features help lower the operating 
Voltage, improve read/write speed, and further improve reten 
tion time of the memory device 200. 
0043. The embodiment, as shown in FIG. 2a, features a 
1-bit-per-cell structure. As shown in FIG. 2a, the structure of 
the memory device 200 has self-aligned and compact first 
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polarity type layer 208 and heavily doped second polarity 
type layer 210. This helps improve variation and achieve 
smaller cell size. The operation of the device 200, for 
example, is similar to the operation of a conventional T-RAM 
structure as mentioned above. 

0044 FIG. 2b shows a cross-sectional view of a device 
250 which varies from the device 200 of FIG. 2a in accor 
dance with another embodiment of the present disclosure. As 
most components of the device 250 are identical or at least 
similar to corresponding components of the device 200, in the 
interest of brevity, the description below focuses on the dif 
ferences between the device 250 and the device 200. 

0045. As shown in FIG.2b, the gate of the device 250 does 
not extend below the top surface of the substrate 202 as does 
the gate of the device 200. In particular, gate electrode 264, 
gate dielectric 266 and spacers 268 of the device 250 do not 
extend below the top surface of the substrate 202 to be parallel 
with the region of the second polarity type 256. 
0046 FIG. 3a shows a cross-sectional view of a device 
300 in accordance with one embodiment of the present dis 
closure. The device 300 may include similar features as 
already described in FIGS. 1a-1b and FIGS. 2a-2b. Thus, 
similar features will not be described in detail. The device 300 
includes a 2 T-RAM structure or two-bits-per-cell structure 
having a well 304 of a first polarity type formed in a substrate 
302 of a second polarity type. In one embodiment, the device 
includes a first fin structure correspond to a first region 306a 
of the second polarity type disposed over the well 304, a 
second fin structure corresponds to a second region 306b of 
the second polarity type formed over the well 304, and a gate 
disposed on the substrate 302 and in between the first and 
second regions of the second polarity type 306a/306b. In one 
embodiment, the first and second regions of the second polar 
ity type 306a/306b include band-engineered (BE) regions. 
The gate includes a gate electrode 314 and a gate dielectric 
316. Spacers 318 are disposed on first and second sides of the 
gate. The device 300 further includes a STI region324 formed 
in the well 304. As shown in FIG. 3a, the STI region 324 is 
directly below the gate. 
0047. The device 300 includes thyristor structures builton 
orintegrated with fin-type CMOS processing. In one embodi 
ment, the device includes a first thyristor structure having a 
first layer of the first polarity type 308a disposed on the first 
region of the second polarity type 306a of the first fin struc 
ture and adjacent a first side of the gate. The first thyristor 
structure also includes a heavily doped first layer of the sec 
ond polarity type 310a disposed on the first layer of the first 
polarity type 308a and adjacent the first side of the gate. The 
device, in one embodiment, includes a second thyristor struc 
ture having a second layer of the first polarity type 308b 
disposed on the second region of the second polarity type 
306b of the second fin structure and adjacent a second side of 
the gate which is opposite the first side of the gate. The second 
thyristor structure also includes a heavily doped second layer 
of the second polarity type 310b disposed on the second layer 
of the first polarity type 308b adjacent to the second side of 
the gate. The materials and the dopant concentrations of the 
respective regions or layers are the same as that already 
described in FIGS. 1a-1b above. 
0048. The first and second layers of the first polarity type 
308a/308b serve as the base while the heavily doped first and 
second layers of the second polarity type 310a/310b serve as 
the emitter of the anode portion of the respective first and 
second thyristor structures. The adjacent layer of the first 
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polarity type and the layer of the heavily doped second polar 
ity type form a p-n junction of the anode portion of the 
thyristor structure. Further, the first and second regions of the 
second polarity type 306a/306b also serve as the base while 
the well 304 also serves as the emitter of the cathode portion 
of the respective first and second thyristor structures. The 
adjacent layer of the second polarity type and the well form a 
p-n junction of the cathode portion of the thyristor structure. 
The well also functions as the first word line of the device 
while the gate 314 is configured to function as a second word 
line of the device and is capacitively coupled to the layers of 
the second polarity type 306a/306b through the gate dielec 
tric 316. 

0049. The device 300 further includes an ILD layer 320 
disposed over the heavily doped layers of the second polarity 
type 310a/310b of the first and second thyristor structures and 
the gate. Silicide contacts 312 may be formed between the 
ILD layer 320 and the heavily doped layers of the second 
polarity type 310a/310b. The ILD layer 320 includes a first 
contact opening that is coupled to the heavily doped first layer 
of the second polarity type 310a of the first thyristor structure. 
A first electrically-conductive material is filled in the first 
opening of the ILD layer 320 to form the first contact 322a 
and configured to couple to a first bit line of the device 300. 
The ILD layer320 also includes a second contact opening that 
is coupled to the heavily doped second layer of the second 
polarity type 310b of the second thyristor structure. A second 
electrically-conductive material is filled in the second open 
ing of ILD layer 320 to form the second contact 322b and is 
coupled to a second bit line of the device 300. 
0050. As shown in FIG.3a, the gate of the MOS structure 

is a recessed gate such that a portion of the gate is extended 
vertically with respect to a horizontal plane toward the well 
304 to be parallel with the first and second regions of the 
second polarity type 306a/306b with respect to the horizontal 
plane. Moreover, as described above, the first and second 
regions of the second polarity type 306a/306b include BE 
region. These features help lower the operating Voltage, 
improve read/write speed, and further improve retention time 
of the device 300. 

0051. As shown in FIG. 3a, the device 100 includes first 
and second thyristor structures which enable a symmetrical 
two-bits-per-cell design to be achieved. The embodiment, as 
shown in FIG. 3a, includes two different bits in a single cell 
structure. Further, the device also features self-aligned and 
compact first polarity type layer 308a/308b and heavily 
doped second polarity type layer 310a/310b. This helps 
improve variation and achieve Smaller cell size. 
0.052 FIG. 3b shows a cross-sectional view of a device 
350 which varies from the device 300 of FIG. 3a in accor 
dance with another embodiment of the present disclosure. 
The device 350 includes a T-RAM or a 1-bit-per-cell structure 
having a well 304 of a first polarity type formed in a substrate 
302 of a second polarity type, a fin structure correspond to a 
region 306 of the second polarity type defined on the substrate 
302 and over the well 304, and a gate disposed on the sub 
strate 302. In one embodiment, the region 306 of the second 
polarity type includes a BE region. The gate includes a gate 
electrode 314 and a gate dielectric 316. Spacers 368 are 
disposed on first and second sides of the gate. 
0053. In one embodiment, the device 350 includes a thy 
ristor structure having a layer of the first polarity type 308 
disposed on the region of the second polarity type 306 of the 
fin structure and adjacent to a first side of the gate. The 
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thyristor structure also includes a heavily doped layer of the 
second polarity type 310 disposed on the first layer of the first 
polarity type 308 and adjacent to the first side of the gate. 
0054) The layer of the first polarity type 308 serves as the 
base while the heavily doped layer of the second polarity type 
310 serves as the emitter of the anode portion of the thyristor 
structure. The adjacent layer of the first polarity type and the 
layer of the heavily doped second polarity type form a p-n 
junction of the anode portion of the thyristor structure. Fur 
ther, the region of the second polarity type 306 also serves as 
the base while the well 304 also serves as the emitter of the 
cathode portion of the thyristor structure. The adjacent layer 
of the second polarity type and the well form a p-n junction of 
the cathode portion of the thyristor structure. The well also 
functions as the first word line of the device while the gate 314 
is configured to function as a second word line of the device 
and is capacitively coupled to the layer of the second polarity 
type 306 through the gate dielectric 316. 
0055. The device 350 further includes an ILD layer 370 
disposed over the thyristor structure and the gate. A silicide 
contact may be formed between the ILD layer 370 and the 
thyristor structure. The ILD layer 370 includes an opening 
that is coupled to the heavily doped layer of the second 
polarity type 310. An electrically-conductive material 322 is 
filled in the opening of the ILD layer 370 and is coupled to a 
bit line of the memory device 350. 
0056. The device 350 further includes a STI region 374 
formed in the well 304 below the gate. As shown in FIG. 3b, 
the dielectric layer 370 extends toward the substrate 302, to be 
adjacent a second side of the gate which is opposite to the first 
side of the gate, and in contact with the STI region 374. 
0057. As shown in FIG. 3b, the gate of the MOS structure 

is a recessed gate such that a portion of the gate is extended 
vertically with respect to a horizontal plane toward the well 
304 to be parallel with the region of the second polarity type 
306 with respect to the horizontal plane. Additionally, as 
described above, the region of the second polarity type 306 
includes a BE region. These features help lower the operating 
Voltage, improve read/write speed, and further improve reten 
tion time of the memory device 350. Further, the device also 
features self-aligned and compact first polarity type layer 308 
and heavily doped second polarity type layer 310. This helps 
improve variation and achieve Smaller cell size. 
0.058 FIG. 4a shows a cross-sectional view of a device 
400 in accordance with one embodiment of the present dis 
closure. The device 400 includes a T-RAM having a well 404 
of a first polarity type (or, alternatively, a region of isolation 
buffer which includes amorphous silicon) formed in a sub 
strate 402 of a second polarity type, a body region 406 of the 
second polarity type formed in the substrate 402 and over the 
well 404 (or the region of isolation buffer), a lightly or inter 
mediately doped region of the first polarity type 408a and a 
heavily doped region of the first polarity type 408b formed in 
the body region 406, and a gate disposed on the substrate 402 
and over the body region 406. 
0059. The gate includes a gate electrode 414 and a gate 
dielectric 416. Spacers 418 are disposed on first and second 
sides of the gate. In one embodiment, the first polarity type is 
n-type and the second polarity type is p-type. In Such case, the 
well 404 is an n-type well or a deep n-type well (DNW), and 
the substrate 402 is a p-type substrate. In the case that the 
substrate 402 includes a region of isolation buffer having 
amorphous-silicon instead of a well of the first polarity type, 
the region of amorphous silicon replaces the need for a buried 
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oxide layer in the substrate 402. This helps achieve floating 
body second polarity type base and eliminate high cost asso 
ciated with producing silicon-on-insulator. 
0060. In one embodiment, the device 400 includes a thy 
ristor structure having an elevated self-aligned heavily doped 
layer of the second polarity type 410 disposed on the region of 
the first polarity type 408a disposed in the substrate and 
adjacent to the first side of the gate. 
0061 The region of the first polarity type 408a serves as 
the base while the heavily doped layer of the second polarity 
type 410 serves as the emitter of the anode portion of the 
thyristor structure. The adjacent region of the first polarity 
type and the elevated layer of the heavily doped second polar 
ity type form a p-n junction of the anode portion of the 
thyristor structure. Further, the body region of the second 
polarity type 406 also serves as the base while the heavily 
doped region of the first polarity type 408b disposed in the 
Substrate adjacent to the second side of the gate also serves as 
the emitter of the cathode portion of the thyristor structure. 
The adjacent body region of the second polarity type and the 
heavily doped region of the first polarity type form a p-n 
junction of the cathode portion of the thyristor structure. 
0062. The device 400 also includes an ILD layer 420 dis 
posed over the thyristor structure and the substrate. Silicide 
contacts 412af412b may be formed between the ILD layer 
420 and the heavily doped layer of the first polarity type 410 
and heavily doped region of the first polarity type 408b. The 
ILD layer 420 includes first and second contact openings. The 
first contact opening is coupled to the heavily doped layer of 
the second polarity type 410 of the thyristor structure. The 
second opening is coupled to the heavily doped region of the 
first polarity type 408b. The device 400 further includes first 
and second electrically-conductive materials filled in the first 
and second openings of the ILD layer 420 to form first and 
second contacts 422a/422b. The first contact 422a is config 
ured to be coupled to a bit line while the second contact 422b 
is coupled to a first word line of the memory device 400. The 
gate is configured to function as a second word line of the 
memory device 400 and is capacitively coupled to the body 
region of the second polarity type 406 through the gate dielec 
tric 416. 
0063. In one embodiment, the body region 406 of the 
second polarity type includes a BE body region. This feature 
helps to lower the operating Voltage, improve read/write 
speed, and further improve retention time of the memory 
device 400. As shown in FIG. 4a, the device 400 has self 
aligned and compact first polarity type region 408a and 
heavily doped second polarity type layer 410. This avoids the 
need for silicide block layer and also helps improve variation 
and achieve Smaller cell size. 

0064 FIG. 4b shows a cross-sectional view of a device 
430 which varies from the device 400 of FIG. 4a in accor 
dance with another embodiment of the present disclosure. As 
most components of the memory device 430 are identical or at 
least similar to corresponding components of the memory 
device 400, in the interest of brevity, the description below 
focuses on the differences between the device 430 and the 
device 400. 

0065. As shown in FIG. 4b, in lieu of the region of the first 
polarity type 408a formed in the body region 406 as in the 
device 400, the thyristor structure includes a self-aligned 
elevated layer of the first polarity type 438 disposed on the 
substrate 402 and over the body region 406 of the second 
polarity type. The thyristor structure also includes an elevated 
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self-aligned heavily doped layer of the second polarity type 
410 disposed on the layer of the first polarity type 438. 
0.066 FIG.4c shows a cross-sectional view of a device 450 
in accordance with one embodiment of the present disclosure. 
The device 450 includes a T-RAM having a well 404 of a first 
polarity type (or, alternatively, an isolation buffer having 
amorphous silicon) formed in a substrate 402 of a second 
polarity type, a body region 406 of the second polarity type 
formed in the substrate 402 and over the well 404 (or the 
isolation buffer), a lightly or intermediately doped region of 
the first polarity type 408a and a heavily doped region of the 
first polarity type 408b formed in the body region 406 adja 
cent to the first and second sidewalls of the gate, and a gate 
disposed on the substrate 402 and over the body region 406. 
0067. The gate includes a gate electrode 414 and a gate 
dielectric 416. Spacers 418 are disposed on first and second 
sides of the gate. In one embodiment, the first polarity type is 
n-type and the second polarity type is p-type. In Such case, the 
well 404 is an n-type well or a deep n-type well (DNW), and 
the substrate 402 is a p-type substrate. In the case that the 
substrate 402 includes an isolation buffer which includes 
amorphous silicon instead of a well of the first polarity type, 
the region of isolation buffer replaces the need for a buried 
oxide layer in the substrate 402. This helps achieve floating 
body second polarity type base and eliminate high cost asso 
ciated with producing silicon-on-insulator. 
0068. In one embodiment, the device 450 includes a thy 
ristor structure having an elevated self-aligned heavily doped 
layer of the second polarity type 410 disposed on the region of 
the first polarity type 408a disposed in the substrate and 
adjacent to the first side of the gate. 
0069. The region of the first polarity type 408a serves as 
the base while the heavily doped layer of the second polarity 
type 410 serves as the emitter of the anode portion of the 
thyristor structure. The adjacent region of the first polarity 
type and the elevated layer of the heavily doped second polar 
ity type form a p-n junction of the anode portion of the 
thyristor structure. Further, the body region of the second 
polarity type 406 also serves as the base while the heavily 
doped region of the first polarity type 408b disposed in the 
Substrate adjacent to the second side of the gate also serves as 
the emitter of the cathode portion of the thyristor structure. 
The adjacent body region of the second polarity type and the 
heavily doped region of the first polarity type form a p-n 
junction of the cathode portion of the thyristor structure. 
0070. The device 450 also includes an ILD layer 420 dis 
posed over the thyristor structure and the substrate. Silicide 
contacts 412a/412b may be formed between the ILD layer 
420 and the heavily doped layer of the first polarity type 410 
and heavily doped region of the first polarity type 408b. The 
ILD layer 420 includes first and second contact openings. The 
first contact opening is coupled to the heavily doped layer of 
the second polarity type 410 of the thyristor structure. The 
second opening is coupled to the heavily doped region of the 
first polarity type 408b. The device 400 further includes first 
and second electrically-conductive materials filled in the first 
and second openings of the ILD layer 420 to form first and 
second contacts 422a/422b. The first contact 422a is config 
ured to be coupled to a bit line while the second contact 422b 
is coupled to a first word line of the memory device 450. The 
gate is configured to function as a second word line of the 
memory device 450. 
0071. In one embodiment, a portion in the body region 406 
of the second polarity type below the gate includes a BE 
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portion 455. In one embodiment, the BE portion 455 includes 
SiGe BE portion. Other suitable types of BE material may 
also be useful. As shown, the gate is capacitively coupled to 
the BE portion 455 through the gate dielectric 416. These 
features help lower the operating Voltage, improve read/write 
speed, and further improve retention time of the memory 
device 450. 
0072. As shown in FIG. 4c, the device 450 has self-aligned 
and compact first polarity type region 408a and heavily doped 
second polarity type layer 410. This avoids the need of sili 
cide block layer and helps improve variation and achieve 
smaller cell size. 

0073 FIG. 4d shows a cross-sectional view of a device 
470 which varies from the device 450 of FIG. 4c in accor 
dance with another embodiment of the present disclosure. As 
most components of the device 470 are identical or at least 
similar to corresponding components of the device 450, in the 
interest of brevity, the description below focuses on the dif 
ferences between the device 470 and the device 450. 

0074 As shown in FIG. 4d, in lieu of the region of the first 
polarity type 408a formed in the body region 406 as in the 
device 450, the thyristor structure of the device 470 includes 
a self-aligned elevated layer of the first polarity type 438 
disposed on the substrate 402 and over the body region 406 of 
the second polarity type. The thyristor structure also includes 
a self-aligned heavily doped layer of the second polarity type 
410 disposed on the layer of the first polarity type 438. 
(0075 FIGS. 5a-5i show cross-sectional views of an 
embodiment of a process 500 for forming a device in accor 
dance with one embodiment of the present disclosure. In one 
embodiment, the process 500 forms the device 150 of FIG. 
1b. The device 150 includes a 2 T-RAM structure or 2-bits 
per-cell structure. In forming the device 150, the process 500 
forms first and second thyristor structures integrated with 
CMOS processing. Referring to FIG. 5a, a substrate 102 is 
provided. The Substrate, for example, is a semiconductor 
Substrate, such as a silicon Substrate. In one embodiment, the 
Substrate is a second polarity type doped substrate. For 
example, the Substrate is lightly doped with second polarity 
type dopants. The second polarity type dopants, for example, 
include p-type dopants. Other Suitable types of semiconduc 
tor substrates may also be useful. 
0076. The substrate includes a device region. The device 
region, in one embodiment, serves as a cell region for a 
memory cell. It is, however, understood that the substrate may 
include a plurality of device regions. In one embodiment, the 
cell region serves as a device region of a 2 T-RAM. Numerous 
cell regions may be provided in an array region to form a 
plurality of memory devices. Isolation regions (not shown) 
are formed in the substrate 102. The isolation region serves to 
isolate the cell region from other device regions (not shown) 
for other types of devices. The isolation region, for example, 
is a shallow trench isolation (STI) region. Other types of 
isolation regions may also be useful. The STI regions (not 
shown) may be formed using various Suitable techniques. 
(0077. The process continues to form a well 104. The well, 
in one embodiment, includes first polarity type dopants. The 
first polarity type dopants, for example, are n-type dopants. 
The dopant concentration is, for example, 10' cm to 10' 
cm. Other suitable types of dopants and dopant concentra 
tions may also be useful. In one embodiment, the well 104 
extends to a depth below the isolation regions (not shown). 
Other suitable depths may also be useful. The well 104, for 
example, may be part of the Substrate. For example, dopants 
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are implanted into the substrate to form the well. Providing 
any Suitable implant energies and doses may also be useful. 
The implant parameters, such as energy and dose, are tailored 
to produce the well at the desired location and have the 
desired effect. By adjusting the energy and dose of the 
implant, the location and thickness of the well can be con 
trolled. Other techniques for providing the well may also be 
useful. For example, the well may be an epitaxial isolation 
well. In such case, the epitaxial well may be formed prior to 
forming the isolation regions. The epitaxial well may be 
in-situ doped. Implanting the epitaxial isolation well may also 
be useful. 

0078. The process continues to form a gate or a dummy 
gate structure. To form a dummy gate structure, a gate dielec 
tric layer and a gate electrode layer over the top surface of the 
Substrate. The gate dielectric layer, for example, includes 
silicon oxide (SiO2). Other suitable types of dielectric mate 
rials may be useful. The dielectric layer is formed by, for 
example, thermal oxidation, chemical vapor deposition 
(CVD) or atomic layer deposition (ALD). The thickness of 
the gate dielectric layer, for example, may be about 1-5 nm. 
The gate electrode layer, for example, includes polysilicon. 
Other suitable types of gate electrode materials may also be 
useful. The thickness of the gate electrode can be about 
20-200 nm. The gate electrode layer, for example, can be 
formed by CVD. Other suitable techniques for forming and 
other Suitable thickness dimensions for the gate dielectric and 
electrode layers may also be useful. 
0079 Referring to FIG.5b, the gate layers are processed to 
form a gate or dummy gate having a patterned gate dielectric 
566 and gate electrode 564. The patterning of the gate layers 
can be achieved, for example, by mask and etch techniques. 
For example, a patterned photoresist mask may be used as an 
etch mask for an anisotropic etch, such as a reactive ion etch 
(RIE). To improve lithographic resolution, an ARC can be 
provided beneath the photoresist. Other techniques for pat 
terning the gate layers to form the dummy gate may also be 
useful. After patterning the gate layers, the mask, including 
the ARC layer, may be removed. 
0080. In one embodiment, the process continues to form 
regions of second polarity type 106a/106b in the substrate 
adjacent to first and second sides of the dummy gate as shown 
in FIG. 5c. The regions 106a/106b include lightly doped 
second polarity type dopants. To form the lightly doped 
regions, second polarity type dopants, such as p-type dopants, 
are implanted into the Substrate. The implant, for example, 
may be self-aligned with respect to the dummy gate. For 
example, the implant may dope the Substrate unprotected by 
the dummy gate and isolation region. The depth of the lightly 
doped regions, for example, is about 5-100 nm. Other suitable 
depth dimensions may also be useful, depending on technol 
ogy node. The dopant concentration of the regions 106a/106b 
may be about 10 cm to 10 cm. Other suitable dopant 
concentrations may also be useful. An implant mask which 
exposes the device region may be provided to perform the 
implant. The implant mask, for example, may be a photoresist 
layer. Other Suitable types of implant masks may also be 
useful. 

0081. In an alternative embodiment, the regions 106a/ 
106b in the substrate adjacent to first and second sides of the 
dummy gate as shown in FIG. 5c include BE regions. In one 
embodiment, either or both of the first and second regions of 
the second polarity type 106a/106b include BE region. The 
BE regions may be formed by recessing portions of the sub 
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strate unprotected by the gate using various Suitable tech 
niques. The depth of the recesses, for example, may be about 
the same as the depth of lightly doped diffusion regions of 
other device regions. The BE regions may be formed by, for 
example, selective epitaxial growth (SEG) process with in 
situ doping, filling the spaces or recesses. As shown, the top of 
the BE regions is about coplanar with the top of the substrate 
Surface. Forming the BE regions which are slightly recessed 
or over the substrate surface may also be useful. The BE 
regions, in one embodiment, are SiGe BE regions. In one 
embodiment, the BE regions include second polarity type 
dopants. Other suitable types of BE regions may also be 
useful. 

I0082 Sidewall spacers 118 may be formed over the first 
and second gate sidewalls. To form the sidewall spacers, a 
spacer layer is deposited on the Substrate. The spacer layer, 
for example, may be silicon nitride. Other suitable types of 
dielectric material. Such as silicon oxide or silicon oxynitride 
may also be used. The spacer layer may be formed by CVD. 
The spacer layer may also be formed using other techniques. 
The thickness of the spacer layer may be about, for example, 
10-50 nm. Other suitable thickness ranges may also be useful. 
The thickness, for example, may depend on the desired width 
of the spacers. An anisotropic etch, Such as RIE. may be 
performed to remove horizontal portions of the spacer layer, 
leaving spacers 118 on the sidewalls of the dummy gate as 
shown in FIG.Sc. 

I0083. The steps illustrated with respect to FIGS. 5a-5c 
above are general steps performed for forming, for example, 
second polarity type MOS structure, such as PMOS structure. 
The process continues to integrate first and second thyristor 
structures in CMOS processing. In one embodiment, the pro 
cess continues to form elevated first and second layers of the 
first polarity type 108a/108b over the first and second regions 
of the second polarity type 106a/106b as shown in FIG. 5d. 
The first and second layers of the first polarity type 108a/108b 
are formed by, for example, SEG process. The epitaxial lay 
ers, in one embodiment, are in-situ doped with first polarity 
type dopants, such as n-type dopants. Doping the epitaxial 
layers with first polarity type dopants by ion implantation 
may also be useful. In one embodiment, the first and second 
layers of the first polarity type 108a/108b of the first and 
second thyristor structures may be formed as part of the 
process for forming first polarity type epitaxial raised source? 
drain (RSD) regions of other devices on the same substrate. 
The thickness of the first and second layers of the first polarity 
type 108a/108b, for example, is about 10-50 nm and the 
dopant concentration of the first polarity type is about 10'7 
cm to 10' cm. Other suitable thickness dimensions and 
concentrations may also be useful. 
I0084. Referring to FIG.5e, first and second heavily doped 
second polarity type layers 110a/110b are formed on the first 
and second layers of the first polarity type 108a/108b. The 
first and second heavily doped second polarity type layers 
110a/110b are formed by, for example, SEG process. The 
epitaxial layers, in one embodiment, are heavily in-situ doped 
with second polarity type dopants, such as p-type dopants. 
Heavily doping the epitaxial layers with second polarity type 
dopants by ion implantation may also be useful. In one 
embodiment, the first and second heavily doped second polar 
ity type layers 110a/110b of the first and second thyristor 
structures may be formed as part of the process for forming 
second polarity type epitaxial raised source/drain (RSD) 
regions of other devices on the same Substrate. The thickness 



US 2015/0333068 A1 

of the first and second heavily doped second polarity type 
layers 110a/110b, for example, is about 10-50 nm and the 
dopant concentration of the second polarity type is about 10" 
cm to 10 cm. Other suitable thickness dimensions and 
concentrations may also be useful. 
0085. The process may continue to complete the 2 T-RAM 
structure. For example, silicide contacts 112 may be formed 
on the first and second heavily doped second polarity type 
layers 110a/110b. The silicide contacts, for example, may be 
nickel-based metal silicide layers. Other suitable types of 
silicide contacts may also be useful. The silicide contacts 
facilitate reduced contact resistance. To form silicide con 
tacts, a metal layer may be deposited over the Substrate and 
annealed to cause a reaction with silicon. Unreacted metal is 
removed by, for example, a wet etch, leaving the silicide 
contacts on the heavily doped first and second layers of the 
second polarity type 110a/110b as shown in FIG. 5f. 
I0086) Referring to FIG.5g, an interlevel dielectric (ILD) 
layer is formed over the substrate. The ILD layer, for 
example, is a silicon oxide layer. The ILD layer may be a high 
aspect ratio process (HARP) dielectric layer. Other suitable 
types of dielectric materials including BPSG, PSG, USG, 
TEOSoxide, PEOX, HDP oxide, etc., may also be useful. The 
ILD layer, for example, may be formed by CVD. Other suit 
able techniques may also be useful. Excess dielectric material 
of the ILD layer is removed by planarization process, such as 
CMP. Other types of planarization processes may also be 
useful. The CMP for example, may use the dummy gate as a 
CMP stop. For example, the CMP forms a substantially 
coplanar Surface between the top surfaces of the dummy gate, 
sidewall spacers and ILD layer 120 as shown in FIG. 5g. 
0087. In one embodiment, the process may continue to 
form additional dielectric layer to form a pre-metal dielectric 
(PMD) layer in which contacts are formed to contact regions 
of the substrate, followed by BEOL process. In an alternate 
embodiment, the dummy gate is removed as shown in FIG. 
5h. A dual etch process using different chemistries, for 
example, may be employed to remove the dummy gate elec 
trode and gate dielectric. For example, a dry etch followed by 
a wet etch/clean process are performed to remove the dummy 
gate electrode 564 by etch selectivity control of the dummy 
gate to the ILD layer 120 and spacers 118. As for the removal 
of the gate dielectric layer 566, in one embodiment, it is 
removed by reactive ion etch (RIE). Other suitable techniques 
for removing the dummy gate may also be useful. The 
removal of the dummy gate forms a gate opening 582 which 
exposes sides of the spacers 118 which are away from the ILD 
120 as shown. 
0088. The process continues by forming a high-k metal 
gate structure. The high-k metal gate structure includes a gate 
dielectric 166 and a gate electrode 164. The gate dielectric, 
for example, includes high-k dielectric material. Such as 
HfSiON, SiON or HfO. Other suitable types of dielectric 
materials may be useful. The thickness of the gate dielectric 
layer, for example, may be about 1-10 nm. The gate electrode 
layer, for example, includes metal or metal nitride. Various 
suitable types of metal, such as Ru, W. Pt, TiN, Ti, Zr, TaN, Si 
or Al, can be used. Other suitable types of metals may also be 
useful. The thickness of the gate electrode can be about 
10-200 nm. Other suitable thickness dimensions for the gate 
dielectric and electrode layers may also be useful. 
0089. In some embodiments, a work function tuning layer 
may be formed in between the gate dielectric and the metal 
gate electrode layer. For example, La O may be formed for 
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an n-type device while TiN/Al/TiN may be formed for a 
p-type device in addition to HfSiON and/or HfC2. Other 
configurations of gates may also be useful. 
0090 The gate dielectric and gate electrode layers are 
conformally formed on the Substrate. For example, the gate 
dielectric layer lines the ILD 120, exposed sides of the side 
wall spacers 118 and the exposed portion of the substrate 
while the gate electrode layer covers the gate dielectric layer 
and fills the gate opening 582. The gate dielectric layer may 
beformed by, for example, atomic layer deposition technique 
while the gate electrode layer is formed by sputtering or 
CVD. Forming the gate dielectric and gate electrode layers by 
other techniques may also be useful. 
(0091 Referring to FIG.5i, the substrate is planarized to 
remove excess gate dielectric and electrode materials. For 
example, the planarization process removes excess materials 
over the ILD layer 120. In one embodiment, the planarization 
process is CMP. Other types of planarization processes may 
also be useful. The CMP for example, may use the ILD layer 
120 as a CMP stop. The planarization process forms a sub 
stantially coplanar surface with the ILD layer 120, the side 
walls spacers 118, the gate dielectric and gate electrode layers 
166 and 164. The planarization process forms high-k metal 
gate structure in the gate opening. 
0092. As shown in FIG.5i, the process continues to form 
ing additional dielectric layer to form a pre-metal dielectric 
(PMD) layer in which contacts are formed to contact regions 
of the substrate. The PMD layer, for example, formed simi 
larly as the ILD layer 120 described above. To form contacts 
122a/122b, a soft mask (not shown) may be used to form via 
or contact openings to the contact regions. The Soft mask, for 
example, is a photoresist mask. To improve lithographic reso 
lution, an anti-reflective coating (ARC) may be provided 
between the PMD layer and soft mask. The soft mask is 
patterned to form openings corresponding to the contact 
regions. A conductive layer is then formed on the Substrate, 
filling the openings and covering the ILD layer 120. A pla 
narizing process, such as CMP, removes excess conductive 
layer, forming contacts 122a/122b having a Substantially 
coplanar surface with the top surface of the ILD layer 120. 
Other techniques for forming contacts may also be useful. 
The first contact 122a is configured to function as a first bit 
line of the memory device 150 while the second contact 122b 
is configured to function as a second bit line of the memory 
device 150. As shown, the first and second contacts 122af 
122b are coupled to the respective heavily doped first and 
second layers of the second polarity type 110a/110b of the 
first and second thyristor structures. Contacts to the gate (not 
shown) are formed at the end of the gate. 
0093. The process may continue to complete the memory 
cell. For example, BEOL process including interconnect 
metal levels may be provided to form interconnections to the 
terminals of the transistor and other circuit components, as 
desired. Other processes may also be included to complete the 
memory cell or device, for example, final passivation, dicing 
and packaging. 
(0094. The embodiment as described in FIGS. 5a-5i result 
in advantages. The embodiment as described in FIGS. 5a-5i 
enables the formation of a 2 T-RAM, allowing two different 
bits to be formed in a single cell area. Further, as described, 
the first and second regions of the second polarity type 106a/ 
106b may include band-engineered (BE) regions. This helps 
lowering the operating Voltage, improve read/write speed, 
and further improve retention time of the memory device 150. 
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In addition, the SEG processes enable self-aligned and com 
pact first polarity type layers 108a/108b and heavily doped 
second polarity type layer 110a/110b to be formed vertically 
over the substrate and adjacent to sidewalls of the gate. This 
helps improve variation and achieve Smaller cell size. 
0.095 FIGS. 6a-6d show cross-sectional views of an 
embodiment of a process 600 for forming a device in accor 
dance with another embodiment of the present disclosure. In 
one embodiment, the process 600 forms the device 100 of 
FIG. 1a. The process may contain similar steps as that 
described in FIGS. 5a-5i. In the interest of brevity, common 
elements may not be described or described in detail. As 
shown in FIG. 6a, a partially processed substrate with dummy 
gate is provided. The partially processed substrate with the 
dummy gate is at the same stage as that described in FIG.5g. 
0096. In one embodiment, the process may continue to 
form additional dielectric layer to form a pre-metal dielectric 
(PMD) layer in which contacts are formed to contact regions 
of the substrate, followed by BEOL process. In an alternate 
embodiment, the dummy gate is removed as shown in FIG. 6b 
using techniques as described in FIG.5h. Other suitable tech 
niques may also be employed to remove the dummy gate. The 
removal of the dummy gate exposes a portion of the top 
surface of the substrate. The process continues to form a 
trench 663 which extends to within a portion of the well 104 
and portions of the regions of second polarity type 106a/106b 
under the dummy gate. A mask and etch process is employed 
to remove portions of the substrate within the well to form the 
trench 663. For example, the trench is formed by RIE. The 
sides of the trench, for example, are self-aligned to the inner 
sides of the spacers 118. As shown, the depth of the trench is 
about equal to the depth of the regions of second polarity type 
106a/106b. Providing other depths or configurations may 
also be useful. 

0097. Referring to FIG. 6c, the process continues to form 
a high-k metal gate structure. The materials and techniques 
for forming the high-k metal gate structure is the same as that 
described in FIG.5i. The process may continue to complete 
the memory cell. For example, the process continues to form 
PMD layer, contacts, etc., until a device shown in FIG. 6d is 
formed. Additional processes may be performed, including 
forming one or more interconnect levels, final passivation, 
dicing, assembly and packaging. Techniques and materials of 
these features are the same as that already described in FIG. 
5i. As such, details of these steps will not be described. 
0098 FIGS. 7a-7h show cross-sectional views of an 
embodiment of a process 700 for forming a device in accor 
dance with yet another embodiment of the present disclosure. 
In one embodiment, the process 700 forms the device 250 of 
FIG.2b. The process may contain the same or similar steps as 
that described in FIGS. 5a-5i. In the interest of brevity, com 
mon elements may not be described or described in detail and 
the description below focuses on the differences between the 
process 700 and the process 500. 
0099 Referring to FIG.7a, a partially processed substrate 

is provided. The partially processed substrate shows an iso 
lation region 224 formed in the Substrate. The isolation region 
includes STI region which serves to isolate the cell region 
from other device regions (not shown) for other types of 
devices. The partially processed substrate also includes a well 
204 having first polarity type dopants. The well 204 extends 
to a depth below the isolation region 224. Other suitable 
depths may also be useful. The STI region and the well may 
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include the same material and formed using various Suitable 
techniques already described in FIG. 5a. 
0100. In FIG.7b, a region of the second polarity type 256 

is formed. The region of the second polarity type 256 includes 
the same material, dopant concentration and is formed by the 
same techniques as the regions 106a/106b as described in 
FIG. 5c. As such, details of the region of the second polarity 
type 256 will not be described. As shown, the region of the 
second polarity type 256 extends to the side or edge of the 
isolation region 224. 
0101 The process continues to form a gate or dummy gate 
having dummy gate electrode 764 and gate dielectric 766 and 
spacers 268. The materials and techniques for forming the 
dummy gate and spacers 268 are the same as that described in 
FIG.5c, except that the dummy gate is patterned such that one 
side of the dummy gate and its adjacent spacer are formed 
over a portion of the isolation region 224 as shown in FIG. 7c. 
In one embodiment, the second side of the dummy gate is 
substantially aligned with the edge of the STI region adjacent 
to the region of the second polarity type 256. Providing the 
second side of the dummy gate which partially overlaps the 
STI region 224 may also be useful. 
0102 Referring to FIG. 7d, the process continues to inte 
grate a thyristor structure in MOS processing. In one embodi 
ment, the process forms a thyristor structure which includes 
an elevated layer of the first polarity type 208 on the region of 
the second polarity type 256 and adjacent to a first side of the 
dummy gate. The process furtherforms a heavily doped layer 
of the second polarity type 210 on the first layer of the first 
polarity type 208 and adjacent to the first side of the dummy 
gate. The materials and techniques for forming the layer of the 
first polarity type 208 and the heavily doped layer of the 
second polarity type 210 are the same as that described in 
FIGS. 5d-5e. As shown, the layer of the first polarity type 208 
and the layer of the heavily doped second polarity type 210 
are selectively formed adjacent to the first side of the dummy 
gate and are self-aligned. 
0103) The process 700 continues to form silicide contact 
212 over the heavily doped layer of the second polarity type 
210 and an ILD layer 270 over the substrate, covering the 
dummy gate and top of the isolation region 224 as shown in 
FIG.7e. The materials and techniques for forming the silicide 
contact 212 and the ILD 270 are the same as that described in 
FIGS. 5f.5g. As shown, the ILD layer is processed such that 
its top surface is substantially coplanar with the top surfaces 
of the dummy gate and spacers. 
0104. In one embodiment, the process may continue to 
form additional dielectric layer to form a pre-metal dielectric 
(PMD) layer in which contacts are formed to contact region of 
the substrate, followed by BEOL process. In another embodi 
ment, as shown in FIG. 7f the dummy gate is removed using 
techniques as described in FIG. 5h. The removal of the 
dummy gate exposes a portion of the top surface of the region 
of the second polarity type 256 and a portion of the isolation 
region 224 under the dummy gate. The process continues to 
form high-k metal gate structure having high k dielectric 266 
and metal gate electrode 264 as illustrated in FIG. 7g. The 
materials and techniques for forming the high-k metal gate 
structure is the same as that described in FIG.5i. The process 
may continue to complete the memory cell. For example, the 
process continues to form PMD layer, contact 222, etc., until 
a device shown in FIG.7h is formed. As shown, the ILD layer 
270 includes contact 222 that is coupled to the heavily doped 
layer of the second polarity type 210 of the T-RAM. Addi 
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tional processes may be performed, including forming one or 
more interconnect levels, final passivation, dicing, assembly 
and packaging. Techniques and materials of these features are 
the same as that already described in FIG.5i. As such, details 
of these steps will not be described. 
0105 FIGS. 8a-8e show cross-sectional views of an 
embodiment of a process 800 for forming a device in accor 
dance with another embodiment of the present disclosure. In 
one embodiment, the process 800 forms the device 200 of 
FIG. 2a. The device 200 is similar to the device 250 and the 
process 800 may be similar to the process 700 and may 
contain similar steps as that described in FIGS. 5a-5i. In the 
interest of brevity, common elements may not be described or 
described in detail. 
0106. As shown in FIG. 8a, a partially processed substrate 
similar to that described in FIG. 7d is provided. In one 
embodiment, instead of forming a region of the second polar 
ity type 256 in the well 204, the process 800 forms a region of 
the second polarity type 206 over the substrate as shown in 
FIG. 8a. The region of the second polarity type 206, in one 
embodiment, is formed by SEG process. The epitaxial layer 
206, in one embodiment, is in-situ doped with second polarity 
type dopants, such as p-type dopants. Doping the epitaxial 
layer with second polarity type dopants by ion implantation 
may also be useful. The region of the second polarity type, in 
Some embodiments, may also include a BE region. The pro 
cess 800 continues to form the dummy gate and sidewall 
spacers 218 may be formed over the first and second gate 
sidewalls. The sidewall spacers are formed using the same 
material and technique as already described in FIG. 5c. As 
shown in FIG. 8a, the first sidewall spacer adjacent to the first 
gate sidewall extends to the top surface of the region of the 
second polarity type 206 while the second sidewall spacer 
adjacent to the second gate sidewall and sidewall of the sec 
ond polarity type 206 extends to the top of the STI region 224. 
0107 The process 800 continues to form elevated layers of 
the first polarity type 208 and the heavily doped layer of the 
second polarity type 210 on the region of the second polarity 
type 206 and adjacent to a first side of the dummy gate as 
shown in FIG. 8a. Silicide contact 212 is formed over the 
heavily doped layer of the second polarity type 210 and an 
ILD layer 270 is formed over the substrate and is processed as 
shown in FIG. 8b. Materials and techniques for forming these 
layers are the same as that described in FIGS. 7d-7e. 
0108 Referring to FIG. 8c, the dummy gate structure is 
removed using techniques as described in FIG. 5h. Other 
Suitable techniques may also be employed to remove the 
dummy gate. The removal of the dummy gate exposes a 
portion of the top surface of the region of the second polarity 
type 206. The process continues to form a trench 863 within 
a portion of the region of the second polarity type 206 under 
the dummy gate. A mask and etch process is employed to 
remove a portion of the region of the second polarity type 206 
to form the trench 863. For example, the trench is formed by 
RIE. The sides of the trench, for example, are self-aligned to 
the inner sides of the spacers 218. As shown, the depth of the 
trench is about equal to the depth of the region of second 
polarity type 206. Providing other depths or configurations 
may also be useful. 
0109 Referring to FIG. 8d, the process continues to form 
a high-k metal gate structure. The materials and techniques 
for forming the high-k metal gate structure is the same as that 
described in FIG.5i. The process may continue to complete 
the memory cell. For example, the process continues to form 
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PMD layer, contact 222, etc., until a device shown in FIG. 8e 
is formed. Additional processes may be performed, including 
forming one or more interconnect levels, final passivation, 
dicing, assembly and packaging. Techniques and materials of 
these features are the same as that already described in FIG. 
5i. As such, details of these steps will not be described. 
0110 FIGS. 9a-9h show cross-sectional views of an 
embodiment of a process 900 for forming a device in accor 
dance with yet another embodiment of the present disclosure. 
In one embodiment, the process 900 forms the device 300 of 
FIG.3a. Informing the device 300, the process 900 forms first 
and second thyristor structures integrated with fin-type MOS 
processing. The process 900 may contain similar steps as that 
described in FIGS. 5a-5i. In the interest of brevity, common 
elements may not be described or described in detail. 
0111 Referring to FIG. 9a, a substrate 302 is provided. 
The substrate may be a silicon substrate. The substrate may be 
lightly doped with second polarity type dopants, for example, 
p-type dopants. Providing other types of substrates, including 
SiGe. Ge and group III-V semiconductors such as GaAs, InP 
and InAS, including Substrates doped with other types of 
dopants or undoped Substrates, are also useful. The Substrate 
may be prepared with a device region. In one embodiment, 
the device region serves as a region for fin-type transistors. 
Although the substrate is described with one device region, it 
is understood that the Substrate may include numerous device 
regions (not shown). The numerous device regions may 
include different types of device regions. 
0112 Referring to FIG. 9a, the substrate is processed to 
form a plurality offin structures. For illustration purpose, the 
Substrate is processed to form first and second fin structures 
320a/320b. It is understood that the substrate may be pro 
cessed to form more than two fin structures. The height of the 
fin, for example, may be about 10-200 nm. As for the width, 
it may be about 3-500 nm. Other suitable fin dimensions may 
also be useful. 

0113 Forming the fin structures 320a/320b may be 
achieved using various methods. The fin structures, for 
example, may be formed by patterning the Substrate. For 
example, a patterned hard mask (not shown) is formed over 
the Substrate. In one embodiment, a hard mask layer (not 
shown). Such as silicon oxide or silicon nitride, is formed on 
the substrate 302. Other suitable types of materials which are 
selective to the isolation layer as will be described later may 
also be used as the hard mask layer. The hard mask layer may 
be formed by chemical vapor deposition (CVD). Other suit 
able types of hard mask or techniques for forming the hard 
mask may also be useful. 
0114. The hard mask layer is patterned to correspond to 
the shape of the fin structures. The patterning of the hard mask 
layer can be achieved by mask and etch techniques. For 
example, a patterned soft mask (not shown). Such as photo 
resist, may be used as an etch mask to pattern the hard mask 
layer. The soft mask may be patterned by photolithography. 
To improve lithographic resolution, an ARC (not shown) may 
be provided beneath the photoresist. The pattern of the pho 
toresist mask is transferred to the hard mask by, for example, 
an anisotropic etch, such as a reactive ion etch (RIE). The soft 
mask is removed. An anisotropic etch, Such as a RIE, is 
performed to remove portions of the substrate surface unpro 
tected by the hard mask, leaving fin structures 320a/320b as 
described above disposed on the top surface of the substrate. 
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Other suitable methods may also be employed to form the fin 
structure. The hard mask (not shown), remains on the top 
surface of the fin. 
0115 The process continues to form the isolation layer or 
region 324. Anisolation layer, Such as a dielectric layer which 
includes a silicon oxide layer, is formed over the substrate 
covering the fin structure. Other suitable types of dielectric 
layer may also be useful. The isolation layer, for example, 
may beformed over the Substrate using chemical vapor depo 
sition (CVD) or high aspect ratio process (HARP). Other 
techniques for forming the isolation layer may also be useful. 
In one embodiment, a polishing process. Such as a chemical 
mechanical polishing process (CMP) is performed to pla 
narize the isolation layer to the top surface of the hard mask 
over the fin structures. A removal process, such as selective to 
the isolation layer which includes oxide material, is per 
formed to remove or recess portions of the oxide to form the 
isolation region 324 and a gap or opening 982 between the fin 
structures as shown in FIG. 9a. The removal process may 
include dry etch, wet etch or a combination thereof. The 
isolation layer, for example, has a height or thickness Suffi 
cient to provide isolation from the substrate below. The thick 
ness of the isolation layer, for example, may be about 10-500 
nm. Other Suitable thickness ranges may also be useful. 
0116. A well 304 is formed in the substrate as shown in 
FIG.9b. The well, in one embodiment, includes first polarity 
type dopants. For example, first polarity type dopants are 
implanted into the Substrate. A well implant mask may be 
used. The well implant mask may be the same mask used to 
form first polarity type wells in fin-type MOS processes. The 
well may be lightly or intermediately doped with first polarity 
type dopants. The well may be formed by ion implantation 
with dopant concentration of about 10 cm to 10 cm 
and includes a depth below the bottom of the isolation region 
324. 

0117. In one embodiment, the process continues to form 
regions of second polarity type 306a/306b in the fin structures 
320a/320b. The regions 306a/306b include lightly doped sec 
ond polarity type dopants. To form the lightly doped regions, 
second polarity type dopants, such as p-type dopants, are 
implanted into the fin structures. The depth of the lightly 
doped regions, for example, may be about the height of the fin 
structures. Other suitable depth dimensions may also be use 
ful, depending on technology node. The dopant concentration 
may be about 10 cm to 10 cm. Other suitable dopant 
concentrations may also be useful. An implant mask which 
exposes the fin structures may be provided to perform the 
implant. The implant mask, for example, may be a photoresist 
layer. Other Suitable types of implant masks may also be 
useful. 
0118. The process continues to form a gate or dummy gate 
having dummy gate dielectric 916 and dummy gate electrode 
layer 914. The materials and techniques for forming the 
dummy gate structure is the same as that described in FIG.5b. 
As shown in FIG. 9c, the dummy gate structure is formed in 
the opening 982 between the fin structures. The dummy gate 
dielectric and dummy gate electrode layers are formed over 
the substrate as well as in the opening 982 and are patterned 
as shown in FIG. 9c. 

0119. In an alternate embodiment, the regions of second 
polarity type 306a/306b are BE regions. In such case, the fin 
structures may not be lightly doped with second polarity type 
dopants as described earlier in FIG.9b. To form BE regions 
having second polarity type 306a/306b, the fin structures may 
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be removed via suitable etch techniques and followed by, for 
example, selective epitaxial growth (SEG) process, filling the 
spaces or recesses. The BE regions 306a/306b, in one 
embodiment, are SiGe BE regions as shown in FIG.9c. In one 
embodiment, the BE regions are lightly doped with second 
polarity type dopants. Other suitable types of BE regions may 
also be useful. In yet another embodiment, instead of remov 
ing the fin structures and then form the BE regions, the BE 
regions 306a/306b may be formed by epitaxially growing an 
epitaxial layer on a blanket or planar Substrate and then etch 
the epitaxial layer to form the fin structures. 
I0120 Referring to FIG. 9d, sidewall spacers 318 are 
formed over the first and second sidewalls of the dummy gate. 
The materials and technique for forming the spacers 318 are 
the same as that described in FIG.5c. 

I0121 The process continues to form the first and second 
thyristor structures. In one embodiment, the process contin 
ues to form elevated first and second layers of the first polarity 
type 308a/308b over the first and second regions of the sec 
ond polarity type 306a/306b as shown in FIG.9e. The mate 
rials and techniques for forming the elevated self-aligned first 
and second layers of the first polarity type 308a/308b are the 
same as that described in FIG. 5d. Self-aligned first and 
second heavily doped second polarity type layers 310a/310b 
are formed on the first and second layers of the first polarity 
type 308a/308b. The materials and techniques for forming the 
heavily doped second polarity type layers 310a/310b are the 
same as that described in FIG.5e. 

0122 The process may continue to complete the 2 T-RAM 
or two-bits-per-cell structure. Referring to FIG.9f silicide 
contacts 312 may be formed on the heavily doped first and 
second layers of the second polarity type 310a/310b. An ILD 
layer 320 is formed over the substrate. The silicide contacts 
312 and ILD layer 320 and the techniques for forming these 
layers are the same as that described in FIGS. 5f.5g. A sub 
stantially coplanar surface between the top surface of the 
dummy gate, sidewall spacers 318 and ILD layer 320 is 
achieved. 

I0123. In one embodiment, the process may continue to 
form additional dielectric layer to form a pre-metal dielectric 
(PMD) layer in which contacts are formed to contact region of 
the substrate, followed by BEOL process. In an alternate 
embodiment as shown in FIG.9f the dummy gate is removed. 
The dummy gate is removed using techniques as described in 
FIG. 5h. The removal of the dummy gate forms an opening 
987 which exposes top surface of the isolation region 324 as 
well as inner sides of the spacers 318 away from the ILD layer 
320 and inner sides of the first and second regions of the 
second polarity type 306a/306b. 
0.124. The process continues by forming a high-k metal 
gate structure as shown in FIG. 9g. The high-k metal gate 
structure includes a gate dielectric 316 and a gate electrode 
314. The materials and techniques for forming the high-k 
metal gate structure are the same as that described in FIG.5i. 
0.125. The process may continue to complete the memory 
cell. For example, the process continues to form PMD layer, 
contacts 322a/322b, etc., until a device shown in FIG. 9h is 
formed. The first contact 322a is configured to be coupled to 
a first bit line of the device while the second contact 322b is 
configured to be coupled to a second bit line of the device 300. 
Additional processes may be performed, including forming 
one or more interconnect levels, final passivation, dicing, 
assembly and packaging. Techniques and materials of these 
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features are the same as that already described in FIG.5i. As 
such, details of these steps will not be described. 
0126 FIGS. 10a-10d show cross-sectional views of an 
embodiment of a process 1000 for forming a device in accor 
dance with another embodiment of the present disclosure. In 
one embodiment, the process 1000 forms the device 350 of 
FIG. 3b. As the process 1000 of forming the device 350 is 
similar to the process 900 of forming the device 300 and may 
include similar steps described in FIGS. 5a-5i, in the interest 
of brevity, the description below focuses on the differences 
between process 1000 and process 900. 
0127. As shown in FIG. 10a, a partially processed sub 
strate similar to that described in FIG.9e is provided. In one 
embodiment, instead of forming two fin structures or two 
regions of the second polarity type 306a/306b, the process 
1000 forms a fin structure or a region of the second polarity 
type 306 while the gate dielectric and electrode layers 1016 
and 1014 of the dummy gate are patterned in Such away Such 
that the dummy gate overlaps the STI region374 and partially 
overlaps the region of the second polarity type over the Sub 
strate as shown in FIG.10a. The region of the second polarity 
type 306, for example, may include a BE region. The process 
1000 continues to form sidewall spacers 368 over the first and 
second gate sidewalls. The sidewall spacers are formed using 
the same material and technique as already described in FIG. 
5c. As shown in FIG.10a, the first sidewall spacer adjacent to 
the first gate sidewall extends to the top surface of the region 
of the second polarity type 306 while the second sidewall 
spacer adjacent to the second gate sidewall extends to the top 
of the STI region 374. 
0128. The process 1000 continues to form elevated layers 
of the first polarity type 308 and the heavily doped layer of the 
second polarity type 310 on the region of the second polarity 
type 306 and adjacent to a first side of the dummy gate as 
shown in FIG. 10a. Silicide contact 312 is formed over the 
heavily doped layer of the second polarity type 310 and an 
ILD layer 370 is formed over the substrate and is processed as 
shown in FIG. 10b. Materials and techniques for forming 
these layers are the same as that described in FIGS. 9e-9f 
0129 Referring to FIG. 10c, the dummy gate structure is 
removed using techniques as described in FIG. 5h. Other 
Suitable techniques may also be employed to remove the 
dummy gate. The removal of the dummy gate forms an open 
ing 1087, exposing a portion of the top surface of the region 
of the second polarity type 306 and a portion of the top surface 
of the STI region 374. 
0130 Referring to FIG. 10d, the process continues to form 
a high-k metal gate structure. The high-k metal gate structure 
includes a gate dielectric 316 and a gate electrode 314. The 
materials and techniques for forming the high-k metal gate 
structure are the same as that described in FIG.5i. The pro 
cess may continue to complete the memory cell. For example, 
the process continues to form PMD layer, contact 322, etc., 
until a device shown in FIG. 10d is formed. Additional pro 
cesses may be performed, including forming one or more 
interconnect levels, final passivation, dicing, assembly and 
packaging. Techniques and materials of these features are the 
same as that already described in FIG.5i. As such, details of 
these steps will not be described. 
0131 FIGS. 11a–11f show cross-sectional views of an 
embodiment of a process 1100 for forming a device in accor 
dance with yet another embodiment of the present disclosure. 
In one embodiment, the process 1100 forms the device 400 of 
FIG. 4a. The process 1100 may contain similar steps as that 
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described in FIGS. 5a-5i. In the interest of brevity, common 
elements may not be described or described in detail. 
I0132 Referring to FIG. 11a, a substrate 402 is provided. 
The substrate 402 is the same as the substrate as described in 
FIG. 5a. For example, the substrate is lightly doped with 
second polarity type dopants. The second polarity type 
dopants, for example, include p-type dopants. Further, it is 
understood that the substrate may include a plurality of device 
regions. Isolation regions (not shown) are formed in the Sub 
strate 402. The isolation region serves to isolate the cell 
region from other device regions (not shown) for other types 
of devices. The isolation region, for example, is a shallow 
trench isolation (STI) region. Other types of isolation regions 
may also be useful. The STI regions (not shown) may be 
formed using various Suitable techniques. 
I0133. In one embodiment, the process continues to form a 
well 404. The well, in one embodiment, includes first polarity 
type dopants. Dopant concentrations and techniques for 
forming the first polarity type well 404 are the same as that 
described in FIG. Sa. 

I0134. In an alternate embodiment, instead of forming the 
first polarity type well, the process continues to form a buried 
isolation buffer layer 404. In such case, the isolation buffer is 
an amorphized portion of the substrate 402. For example, in 
the case of a silicon Substrate, the isolation buffer is an amor 
phized silicon (C-Si) layer. In one embodiment, amorphizing 
dopants are implanted into the Substrate. The amorphizing 
dopants, for example, include silicon ions (Si+), germanium 
(Ge) or carbon (C) or a combination thereof. Alternatively, 
amorphizing dopants such as Ar or O and dopants such as B. 
Por AS implanted by molecular or cluster implants may also 
be used. Other Suitable types of amorphizing dopants may 
also be employed. The amorphizing dopants are implanted 
by, for example, high energy implantation (HEI). The HEI 
implant is performed at, for example, 160 KeV with a dose of 
about 5e14-9e14 atom/cm. Providing other suitable implant 
energies and doses may also be useful. Implanting the amor 
phizing ions by cold, molecular, or cluster implantation may 
also be useful. For example, lower energy requirements of 
molecular or cluster implantations may also be useful. The 
implant parameters, such as energy and dose, are tailored to 
produce isolation buffer layer at the desired location and have 
the desired effect. By adjusting the energy and dose of the 
implant, the location and thickness of the isolation buffer can 
be controlled. This also controls the thickness or height of the 
Substrate Surface. 
0.135 An anneal may be performed after implanting the 
amorphizing dopants. The anneal, for example, includes laser 
anneal, rapid thermal anneal (RTA) or furnace anneal. Other 
Suitable types of anneal technique may also be useful. Alter 
natively, amorphizing dopants may be activated during well 
or S/D region anneal process. In one embodiment, the top of 
the isolation buffer should have a depth sufficient to accom 
modate a body region of the transistor. For example, the top of 
the isolation buffer should be about 5-100 nm deep from the 
top surface of the substrate 402.The thickness of the isolation 
buffer should be sufficient to reduce substrate leakage. The 
thickness, for example, may be about 5-100 nm. Providing 
other suitable depths and thicknesses may also be useful. 
0.136 Referring to FIG.11a, in one embodiment, the area 
of the substrate between the top surface of the isolation buffer 
layer or first polarity type well 404, the isolation regions (not 
shown) and Substrate top Surface serves as a body region or 
floating body of a second polarity type 406 of the T-RAM. 
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The body region, for example, may be part of the substrate 
and thus having the same doping as the Substrate. For 
example, the body region is a lightly doped second polarity 
type region 406. An implantation process may optionally be 
performed to introduce the second polarity type dopants into 
the body region. The dopant concentration of the second 
polarity type, for example, is about 10 cm to 10' cm. 
Other suitable dopant concentration may also be useful. 
0.137 In an alternate embodiment, the body region 406 
may not be part of the Substrate. In Such case, the process 
continues to form a BE body region 406 over the first polarity 
well or isolation buffer layer 404. The BE body region 406, in 
one embodiment, is a SiGe. Si:C or GeBEbody region. Other 
suitable types of BE materials may also be useful. The BE 
body region 406, for example, is formed by an epitaxial 
process. The epitaxial BE body, for example, is lightly doped 
with second polarity type dopants. The epitaxial BE body, for 
example, may be in-situ doped with second polarity type 
dopants. Other suitable techniques for forming the BE body 
may also be useful. 
0.138. The process continues to form a gate or dummy gate 
having a dummy gate dielectric 1116 and dummy gate elec 
trode 1114 as shown in FIG. 11b. The materials and tech 
niques for forming the dummy gate are the same as that 
described in FIG. 5b. 

0.139. In one embodiment, the process continues to form 
regions of first polarity type 408a in the substrate adjacent to 
first and second sides of the dummy gate as shown in FIG. 
11c. The regions 408a includes lightly doped first polarity 
type dopants. An implant mask which exposes the device 
region may be provided to perform the implant. Dopant con 
centrations of the regions of first polarity type 408a adjacent 
to the first and second sides of the dummy gate are the same 
as that described in FIG. 5d. 

0140. Referring to FIG. 11c, sidewall spacers 418 are 
formed over the first and second sidewalls of the dummy gate. 
The materials and technique for forming the spacers 418 are 
the same as that described in FIG.5c. The process continues 
to form heavily doped region of the first polarity type 408b in 
the Substrate adjacent to the second side of the gate as shown 
in FIG. 11c. An implant mask which exposes the region 
adjacent to the second side of the gate may be provided to 
perform the implant. An ion implantation process is per 
formed to introduce first polarity type dopants. The dopant 
concentration of the heavily doped region of the first polarity 
type 408b adjacent to the second side of the dummy gate is 
about 10" cm to 10 cm. Other suitable dopant concen 
trations may also be useful. 
0141. In FIG. 11d, the process continues to form a self 
aligned elevated heavily doped second polarity type layer 410 
on the region of the first polarity type 408a adjacent to the first 
side of the gate. The material and technique for forming the 
elevated heavily doped second polarity type layer 410 are the 
same as that described in FIG.5e. 

0142. The process may continue to complete the T-RAM. 
Referring to FIG. 11e, silicide contacts 412af412b may be 
formed on the heavily doped layer and region of the first and 
second polarity types 408b and 410. An ILD layer (not 
shown) may be formed over the substrate. The silicide con 
tacts 412af412b and ILD layer and the techniques for forming 
these layers are the same as that described in FIGS. 5f.5g. A 
substantially coplanar surface between the top surface of the 
dummy gate, sidewall spacers 418 and ILD layer is achieved. 
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0143. In one embodiment, the process may continue to 
form additional dielectric layer to form a pre-metal dielectric 
(PMD) layer in which contacts are formed to contact regions 
of the substrate, followed by BEOL process. In an alternate 
embodiment, the process proceeds to remove the dummy 
gate. The dummy gate is removed using techniques as 
described in FIG. 5h. The removal of the dummy gate forms 
an opening (not shown) which exposes top Surface of the body 
region of first polarity type 406 under the dummy gate as well 
as inner sides of the spacers 418 away from the ILD layer (not 
shown). 
0144. Referring to FIG. 11f a high-k metal gate structure 

is formed. The high-k metal gate structure includes a gate 
dielectric 416 and a gate electrode 414. The materials and 
techniques for forming the high-k metal gate structure are the 
same as that described in FIG.5i. 
0145 The process may continue to complete the memory 
cell. For example, the process continues to form PMD layer 
420, contacts 422af 422b, etc., until a device shown in FIG. 
11f is formed. The first contact 422a is configured to be 
coupled to a bit line of the device while the second contact 
422b is configured to be coupled to a first word line of the 
device and the gate is configured to function as a second word 
line of the device. Additional processes may be performed, 
including forming one or more interconnect levels, final pas 
Sivation, dicing, assembly and packaging. Techniques and 
materials of these features are the same as that already 
described in FIG.5i. As such, details of these steps will not be 
described. 

0146 The embodiment as described in FIGS. 11a–11f 
above results in similar advantages as that described in FIGS. 
5a-5i. Further, in the case that the substrate 402 includes a 
region of amorphous silicon instead of a well of the first 
polarity type, the region of amorphous silicon replaces the 
need for a buried oxide layer in the substrate 402. This helps 
achieve floating body second polarity type base, such as 
p-type base, and eliminates high cost associated with produc 
ing silicon-on-insulator. Additionally, self-aligned heavily 
doped second polarity layer removes the need for silicide 
block layer. 
0147 FIGS. 12a-12c show cross-sectional views of an 
embodiment of a process 1200 for forming a device in accor 
dance with yet another embodiment of the present disclosure. 
In one embodiment, the process 1200 forms the device 430 of 
FIG. 4b. As the process of forming the memory device 430 is 
similar to that of forming the device 400, in the interest of 
brevity, the description below focuses on the differences 
between process 1200 and process 1100. 
0.148. As shown in FIG. 12a, a partially processed sub 
strate similar to that described in FIG.11a is provided. For 
example, the partially processed Substrate is processed up to 
the body region 406 having second polarity type dopants. In 
one embodiment, the body region 406 is part of the substrate 
402 and includes lightly doped second polarity type dopants. 
Alternatively, the body region 406 includes BE region. 
014.9 The process continues to form a gate or dummy gate 
having a dummy gate dielectric 1216 and dummy gate elec 
trode 1214 as shown in FIG. 12a. The materials and tech 
niques for forming the dummy gate are the same as that 
described in FIG. 5b. 

0150. In one embodiment, the process continues to form 
heavily doped region of the first polarity type 408 adjacent to 
the second side of the gate as shown in FIG.12a. An implant 
mask which exposes the region adjacent to the second side of 
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the gate may be provided to perform the implant. The dopant 
concentration of the heavily doped region of the first polarity 
type 408 and the technique for forming thereofare the same as 
the heavily doped region of the first polarity type 408b 
described in FIG.11c. 

0151 Referring to FIG. 12b, sidewall spacers 418 are 
formed over the first and second sidewalls of the dummy gate. 
The materials and technique for forming the spacers 418 are 
the same as that described in FIG. 5c. 

0152. As shown in FIG. 12b, in lieu of the region of the 
first polarity type 408a formed in the body region 406 as in the 
device 400, the process 1200 forms an elevated layer of the 
first polarity type 438 over the body region 406 of the second 
polarity type adjacent to the first side of the gate. The material 
and technique for forming the elevated layer of the first polar 
ity type 438 is the same as the elevated layer of the first 
polarity type 108a described in FIG. 5d. The process 1200 
also forms an elevated heavily doped layer of the second 
polarity type 410 on the layer of the first polarity type 438 
adjacent to the first side of the gate using technique as 
described in FIG.5e. 

0153. The process may continue to complete the T-RAM. 
Referring to FIG. 12c, silicide contacts 412af412b may be 
formed on the heavily doped layer and region of the first and 
second polarity types 408 and 410. An ILD layer (not shown) 
may be formed over the substrate. The silicide contacts 412.a? 
412b and ILD layer and the techniques for forming these 
layers are the same as that described in FIGS. 5f.5g. A sub 
stantially coplanar surface between the top surface of the 
dummy gate, sidewall spacers 418 and ILD layer is achieved. 
0154) In one embodiment, the process may continue to 
form additional dielectric layer to form a pre-metal dielectric 
(PMD) layer in which contacts are formed to contact regions 
of the substrate, followed by BEOL process. In an alternate 
embodiment, the process proceeds to remove the dummy 
gate. The dummy gate is removed using techniques as 
described in FIG. 5h. The removal of the dummy gate forms 
an opening (not shown) which exposes top surface of the body 
region 406 under the dummy gate as well as inner sides of the 
spacers 418 away from the ILD layer (not shown). 
0155 Referring to FIG. 12c, a high-k metal gate structure 

is formed. The high-k metal gate structure includes a gate 
dielectric 416 and a gate electrode 414. The materials and 
techniques for forming the high-k metal gate structure are the 
same as that described in FIG.5i. 

0156 The process may continue to complete the memory 
cell. For example, the process continues to form PMD layer 
420, contacts 422af 422b, etc., until a device shown in FIG. 
12c is formed. The first contact 422a is configured to be 
coupled to a bit line of the device while the second contact 
422b is configured to be coupled to a first word line of the 
device and the gate is configured to function as a second word 
line of the device. Additional processes may be performed, 
including forming one or more interconnect levels, final pas 
Sivation, dicing, assembly and packaging. Techniques and 
materials of these features are the same as that already 
described in FIG.5i. As such, details of these steps will not be 
described. 

O157 FIGS. 13a-13e show cross-sectional views of an 
embodiment of a process 1300 for forming a device in accor 
dance with yet another embodiment of the present disclosure. 
In one embodiment, the process 1300 forms the device 450 of 
FIG. 4c. As the process of forming the device 450 is similar to 
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that of forming the device 400, in the interest of brevity, the 
description below focuses on the differences between process 
1300 and process 1100. 
0158. As shown in FIG. 13a, a partially processed sub 
strate similar to that described in FIG. 11e is provided. For 
example, the partially processed Substrate is processed up to 
forming an ILD layer 420 covering the dummy gate and 
silicide contacts 412a(412b and is processed such that a sub 
stantially coplanar surface between the top surface of the 
dummy gate, sidewall spacers 418 and ILD layer is achieved. 
0159 Referring to FIG. 13b, the dummy gate is removed 
using techniques as described in FIG.5h. Other suitable tech 
niques may also be employed to remove the dummy gate. The 
removal of the dummy gate exposes a portion oftop Surface of 
the body region of the second polarity type 406 under the 
dummy gate. The process continues to form a trench or 
recessed channel 1263 within a portion of the body region 406 
in between the region of first polarity type 408a and the 
heavily doped region of first polarity type 408b. A mask and 
etch process is employed to remove portions of the body 
region 406 to form the trench 1263. For example, the trench is 
formed by RIE. The sides of the trench, for example, are 
self-aligned to the inner sides of the spacers 418. As shown, 
the depth of the trench is about equal to the depth of the 
regions of first polarity type 408a/408b. Providing other 
depths or configurations may also be useful. 
0160 Referring to FIG. 13c, a band engineered (BE) por 
tion 455 is formed within the trench 1263. The BE portion is 
formed by, for example, selective epitaxial growth (SEG) 
process, filling the spaces within the recessed channel. As 
shown, the top of the BE portion is about coplanar with the top 
of the substrate surface. For example, the top of BE portion is 
also Substantially coplanar with the top surface of the regions 
of first polarity type 408a/408b. Forming the BE portion 
which is slightly recessed or over the substrate surface or the 
top surface of the regions of first polarity type may also be 
useful. The BE portion, in one embodiment, is a silicon ger 
manium (SiGe) BE portion. Other suitable types of BE por 
tion may also be useful. 
0.161 Referring to FIG. 13d, the process continues to form 
a high-k metal gate structure. The materials and techniques 
for forming the high-k metal gate structure is the same as that 
described in FIG.5i. The process may continue to complete 
the memory cell. For example, the process continues to form 
PMD layer, contacts 422a/422b, etc., until a device shown in 
FIG. 13e is formed. Additional processes may be performed, 
including forming one or more interconnect levels, final pas 
Sivation, dicing, assembly and packaging. Techniques and 
materials of these features are the same as that already 
described in FIG.5i. As such, details of these steps will not be 
described. 

(0162 FIGS. 14a-14b show cross-sectional views of an 
embodiment of a process 1400 for forming a device in accor 
dance with yet another embodiment of the present disclosure. 
In one embodiment, the process 1400 forms the device 470 of 
FIG. 4d. As the process of forming the device 470 is similar to 
that of forming the device 430, in the interest of brevity, the 
description below focuses on the differences between process 
1400 and process 1200. 
0163 As shown in FIG. 14a, a partially processed sub 
strate similar to that described in FIG. 12b is provided. For 
example, the partially processed Substrate is processed up to 
forming an ILD layer 420 covering the dummy gate and 
silicide contacts 412a(412b and is processed such that a sub 
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stantially coplanar surface between the top surface of the 
dummy gate, sidewall spacers 418 and ILD layer is achieved. 
0164 Referring to FIG. 14b, the dummy gate structure is 
removed using techniques as described in FIG. 5h. Other 
Suitable techniques may also be employed to remove the 
dummy gate. The removal of the dummy gate exposes a 
portion oftop surface of the body region of the second polar 
ity type 406 under the dummy gate. The process continues to 
form a trench or recessed channel 1463 within a portion of the 
body region 406 adjacent to the heavily doped region of first 
polarity type 408 and below the dummy gate. A mask and etch 
process is employed to remove portions of the body region 
406 to form the trench 1463. For example, the trench is 
formed by RIE. The sides of the trench, for example, are 
self-aligned to the inner sides of the spacers 418. As shown, 
the depth of the trench is about equal to the depth of the 
heavily doped region of first polarity type 408. Providing 
other depths or configurations may also be useful. 
(0165. The process continues to form BE portion 455 
within the trench 1463, a high-k metal gate structure and 
proceed to complete the memory cell. For example, the pro 
cess steps include those described from FIG. 13c and onwards 
and continue until the device 470 shown in FIG. 4d is formed. 
Additional processes may be performed, including forming 
one or more interconnect levels, final passivation, dicing, 
assembly and packaging. Techniques and materials of these 
features are the same as that already described in FIG.5i. As 
such, details of these steps will not be described. 
(0166 The present disclosure may be embodied in other 
specific forms without departing from the spirit or essential 
characteristics thereof. The foregoing embodiments, there 
fore, are to be considered in all respects illustrative rather than 
limiting the present disclosure described herein. Scope of the 
present disclosure is thus indicated by the appended claims, 
rather than by the foregoing description, and all changes that 
come within the meaning and range of equivalency of the 
claims are intended to be embraced therein. 
What is claimed is: 
1. A device comprising: 
a Substrate having a well of a first polarity type; and 
a thyristor-based memory cell comprising 

at least a first region of a second polarity type adjacent to 
the well, 

agate which serves as a second word line disposed on the 
Substrate, 

at least a first layer of the first polarity type disposed 
adjacent to the first region of the second polarity type 
and adjacent to the gate; and 

at least a heavily doped first layer of the second polarity 
type disposed on the first layer of the first polarity type 
and adjacent to the gate, wherein at least the heavily 
doped first layer of the second polarity type is self 
aligned with side of the gate. 

2. A method of forming a device comprising: 
providing a substrate having a well of a first polarity type; 
forming a thyristor-based memory cell comprising 

forming at least a first region of a second polarity type 
adjacent to the well, 

forming a gate on the Substrate, wherein the gate serves 
as a second word line, 

forming at least a first layer of the first polarity type 
adjacent to the first region of the second polarity type 
and adjacent to the gate, and 
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forming at least a heavily doped first layer of the second 
polarity type on the first layer of the first polarity type 
and adjacent to the gate, wherein at least the heavily 
doped first layer of the second polarity type is self 
aligned with side of the gate. 

3. The method of claim 2 wherein the thyristor-based 
memory cell comprises a 2-bits-per-cell structure and 
wherein: 

forming the gate comprises forming a dummy gate; 
forming the at least a first region of the second polarity type 

adjacent to the well comprises forming first and second 
regions of the second polarity type in the well adjacent to 
first and second sides of the dummy gate; 

forming the at least a first layer of the first polarity type 
comprises forming first and second elevated layers of the 
first polarity type over the first and second regions of the 
second polarity type adjacent to the first and second 
sides of the dummy gate; and 

forming at least a heavily doped first layer of the second 
polarity type comprises forming heavily doped first and 
second layers of the second polarity type on the first and 
second elevated layers of the first polarity type. 

4. The method of claim 3 wherein the first and second 
regions of the second polarity type in the well are formed by 
implanting second polarity type dopants into the well and 
wherein the implant is self-aligned with respect to the dummy 
gate. 

5. The method of claim 3 wherein the first and second 
regions of the second polarity type comprise band-engineered 
regions. 

6. The method of claim 5 wherein the first and second 
regions of the second polarity type, the first and second 
elevated layers of the first polarity type, and the heavily doped 
first and second layers of the second polarity type are formed 
by selective epitaxial growth (SEG) process. 

7. The method of claim 3 wherein: 

the first and second regions of the second polarity type 
serve as base while the well serves as emitter of cathode 
portion of the respective bit and the well also serves as a 
first word line; 

the first and second elevated layers of the first polarity type 
serve as base while the heavily doped first and second 
layers of the second polarity type serve as emitter of 
anode portion of the respective bit; and 

the heavily doped first layer of the second polarity type is 
coupled to a first bit line while the heavily doped second 
layer of the second polarity type is coupled to a second 
bit line. 

8. The method of claim 3 comprising: 
removing the dummy gate after forming the heavily doped 

first and second layers of the second polarity type; 
forming a trench which extends to within a portion of the 

well and portions of the first and second regions of the 
second polarity type; and 

forming a high-k metal gate structure within the trench, 
wherein a portion of the high-k metal gate structure 
extends vertically with respect to a horizontal plane 
toward the well to be parallel with the first and second 
regions of the second polarity type with respect to the 
horizontal plane. 
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9. The method of 2 wherein the thyristor-based memory 
cell comprises a 1-bit-per-cell structure and wherein: 

the Substrate comprises an isolation region; 
forming the at least a first region of the second polarity type 

adjacent to the well comprises forming the first region of 
the second polarity type in the well and extends to an 
edge of the isolation region; 

forming the gate comprises forming a dummy gate, 
wherein the dummy gate partially overlaps the isolation 
region; 

the first layer of the first polarity type is formed on the first 
region of the second polarity type; and 

the first layer of the first polarity type and the heavily doped 
first layer of the second polarity type are formed adja 
cent to a first side of the dummy gate. 

10. The method of claim 9 wherein: 
the first region of the second polarity type serves as a base 

while the well serves as an emitter of a cathode portion 
of the bit and the well also serves as a first word line; 

the first layer of the first polarity type serves as a base while 
the heavily doped first layer of the second polarity type 
serves as an emitter of an anode portion of the bit; and 

the heavily doped first layer of the second polarity type is 
coupled to a bit line. 

11. The method of 2 wherein the thyristor-based memory 
cell comprises a 1-bit-per-cell structure and wherein: 

the Substrate comprises an isolation region; 
forming the at least a first region of the second polarity type 

adjacent to the well comprises forming the first region of 
the second polarity type over the substrate by SEG pro 
CeSS; 

forming the gate comprises forming a dummy gate, 
wherein the dummy gate is formed over the first region 
of the second polarity type; 

the first layer of the first polarity type is formed on the first 
region of the second polarity type; and 

the first layer of the first polarity type and the heavily doped 
first layer of the second polarity type are formed adja 
cent to a first side of the dummy gate. 

12. The method of claim 11 comprising forming first and 
second spacers adjacent to first and second sides of the 
dummy gate, wherein the first spacer extends to a top Surface 
of the first region of the second polarity type while the second 
spacer extends to a top of the isolation region. 

13. The method of claim 12 comprising: 
removing the dummy gate after forming the heavily doped 

first layer of the second polarity type: 
forming a trench which extends to within a portion of the 

first region of the second polarity type; and 
forming a high-k metal gate structure within the trench, 

wherein a portion of the high-k metal gate structure 
extends vertically with respect to a horizontal plane 
toward the well to be parallel with the first region of the 
second polarity type with respect to the horizontal plane. 

14. The method of claim 2 wherein the thyristor-based 
memory cell comprises a 2-bits-per-cell structure and 
wherein forming the at least a first region of the second 
polarity type adjacent to the well comprises: 

processing the Substrate to form at least first and second fin 
Structures; 

forming an isolation region between the fin structures; and 
implanting second polarity type dopants into the first and 

second fin structures to form first and second regions of 
the second polarity type. 
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15. The method of claim 14 wherein: 
forming the gate comprises forming a dummy gate; 
forming the at least a first layer of the first polarity type 

comprises forming first and second elevated layers of the 
first polarity type over the first and second regions of the 
second polarity type adjacent to the first and second 
sides of the dummy gate; and 

forming at least a heavily doped first layer of the second 
polarity type comprises forming heavily doped first and 
second layers of the second polarity type on the first and 
second elevated layers of the first polarity type. 

16. The method of 2 wherein the thyristor-based memory 
cell comprises a 1-bit-per-cell structure and wherein: 

the Substrate comprises an isolation region; 
forming the at least a first region of the second polarity type 

adjacent to the well comprises 
processing the Substrate to form at least a first fin struc 

ture; and 
implanting second polarity type dopants into the first fin 

structure to form the first region of the second polarity 
type. 

17. The method of claim 16 wherein: 
forming the gate comprises forming a dummy gate, 

wherein the dummy gate at least partially overlaps the 
isolation region and the first region of the second polar 
ity type; 

the first layer of the first polarity type is formed on the first 
region of the second polarity type; and 

the first layer of the first polarity type and the heavily doped 
first layer of the second polarity type are formed adja 
cent to a first side of the dummy gate. 

18. The method of claim 2 wherein the thyristor-based 
memory cell comprises a 1-bit-per-cell structure and 
wherein: 

forming the gate comprises forming a dummy gate; and 
forming the at least a first layer of the first polarity type 

comprises forming first lightly doped and second 
heavily doped regions of the first polarity type in the well 
adjacent to first and second sides of the dummy gate. 

19. The method of claim 18 wherein: 
the first region of the second polarity type serves as a base 

while the second heavily doped region of the first polar 
ity type serves as an emitter of a cathode portion of the 
bit; 

the first lightly doped region of the first polarity type serves 
as a base while the heavily doped first layer of the second 
polarity type serves as an emitter of an anode portion of 
the bit; and 

the heavily doped first layer of the second polarity type is 
coupled to a bit line while the second heavily doped 
region of the first polarity type is coupled to a first word 
line. 

20. The method of claim 18 comprising: 
removing the dummy gate after forming the heavily doped 

first layer of the second polarity type: 
forming a trench which extends to within a portion of the 

first region of the second polarity type; 
forming a BE region within the trench, wherein a top Sur 

face of the BE region is substantially coplanar with top 
Surfaces of the regions of the first polarity type; and 

forming a high-k metal gate structure within the trench 
over the BE region. 
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21. The method of claim 2 wherein the thyristor-based 
memory cell comprises a 1-bit-per-cell structure and 
wherein: 

forming the gate comprises forming a dummy gate; 
forming the at least a first layer of the first polarity type 

comprises forming first elevated layer of the first polar 
ity type over the first region of the second polarity type 
adjacent to a first side of the dummy gate; and compris 
1ng 

forming a heavily doped region of the first polarity type in 
the first region of the second polarity type adjacent to 
second side of the dummy gate. 

22. The method of claim 21 comprising: 
removing the dummy gate after forming the heavily doped 

first layer of the second polarity type: 
forming a trench which extends to within a portion of the 

first region of the second polarity type; 
forming a BE region within the trench, wherein a top Sur 

face of the BE region is substantially coplanar with a top 
surface of the heavily doped region of the first polarity 
type; and 

forming a high-k metal gate structure within the trench 
over the BE region. 

k k k k k 


