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MULT-GATE SEMCONDUCTOR DEVICES 
WITH IMPROVED HOT CARRIER 

INJECTION IMMUNITY 

FIELD 

0001. The device and methods disclosed herein relate 
generally to a semiconductor device and a method for 
forming a semiconductor device, and more specifically to 
multi-gate semiconductor devices with improved hot carrier 
injection immunity. 

BACKGROUND 

0002 Integrated circuits are formed on semiconductor 
substrates, or wafers. The wafers are then sawed into micro 
electronic dies (or "dice'), or semiconductor chips, with 
each die carrying a respective integrated circuit. Each semi 
conductor chip is mounted to a package, or carrier Substrate, 
which is often mounted to a motherboard and installed in 
various electronic systems. 
0003. In recent years, integrated circuits have become 
more complicated both in terms of packing density and the 
variety of device components that are included in a single 
circuit. As the productivity and performance demands 
increase, the size of integrated circuits, as well as the 
semiconductor chips on which they are formed, continues to 
be reduced. As the individual devices (e.g., transistors) 
within the integrated circuits become Smaller, integrated 
circuit designers and manufacturers must constantly over 
come various natural phenomena and limitations due to the 
design of, as well as the processing steps used to form, the 
integrated circuits. 
0004 One such phenomenon is known as “hot carrier 
injection' (HCI). HCI occurs when electrons, or holes, are 
accelerated by a strong electric field and gain very high 
kinetic energies within a semiconductor device. The high 
kinetic energies cause impact ionization on the semiconduc 
tor lattice to generate pairs of electrons and holes moving in 
random directions with high kinetic energies, which are 
called “hot carriers.” Some of the hot carriers are injected 
and trapped in a dielectric within the device, (e.g. the gate 
oxide or silicide block material), where they form an unde 
sirable space charge, which can cause device degradation 
and/or instability. 
0005 One current approach for minimizing HCI includes 
forming an “extended drain', (i.e. a lightly-doped drift 
region between the channel under the gate and the drain 
outside the gate). However, Such structures are not compat 
ible with current Submicron processing techniques. More 
recently, extended drains have been incorporated by forming 
a silicide block between the gate and the drain with a 
self-aligned implantation to form the lightly-doped drift 
region. However, even with low electric fields, the device 
with silicide block experiences significant HCI damage, and 
the charge trapped within the silicide block material causes 
significant transconductance degradation, as well as the 
linear current degradation. To improve the performance of 
an extended drain device, the doping within the drift region 
must be extremely low, which increases the parasitic resis 
tance of the device. The problems associated with HCI are 
exacerbated as devices continue to get Smaller while main 
taining relatively high operational Voltages, (e.g. approxi 
mately 6 V). Because of the problems caused by HCI, 
conventional device designs, such as those incorporating the 
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extended drains using silicide blocks, may not perform 
adequately while incorporating the latest Submicron (e.g. 
0.13 micron) technology platforms. Moreover, in highly 
miniaturized semiconductors, conventional approaches also 
fail to produce a Sufficient safe operating area for many 
applications. 
0006. Accordingly, it is desirable to provide a semicon 
ductor device with improved HCI immunity. In addition, it 
is desirable to provide a semiconductor device a broad safe 
operating area at a miniature size. Furthermore, other desir 
able features and characteristics of the present invention will 
become apparent from the Subsequent detailed description 
and the appended claims, taken in conjunction with the 
accompanying drawings and the foregoing technical field 
and background. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007. The present invention is illustrated by way of 
example and is not limited by the accompanying figures, in 
which like references indicate similar elements. Elements in 
the figures are illustrated for simplicity and clarity and have 
not necessarily been drawn to Scale. 
0008 FIG. 1 is a cross-sectional side view of a semicon 
ductor substrate. 
0009 FIG. 2 is a cross-sectional side view of the semi 
conductor Substrate of FIG. 1 undergoing an ion implanta 
tion process. 
0010 FIG. 3 is a cross-sectional side view of the semi 
conductor Substrate of FIG. 2 with a gate dielectric layer and 
a gate electrode layer formed thereon. 
0011 FIG. 4 is a cross-sectional side view of the semi 
conductor substrate of FIG. 3 with a photoresist layer 
formed thereon. 
0012 FIG. 5 is a cross-sectional side view of the semi 
conductor substrate of FIG. 4 after the photoresist layer has 
been exposed and developed and the gate dielectric layer 
and the gate electrode layer have been etched to form 
multiple gate electrode. 
0013 FIG. 6 is a cross-sectional side view of the semi 
conductor substrate of FIG. 5 after the remainder of the 
photoresist layer has been removed. 
0014 FIG. 7 is a cross-sectional side view of the semi 
conductor Substrate of FIG. 6 undergoing an ion implanta 
tion process to form a plurality of lightly-doped drain (LDD) 
regions. 
0015 FIG. 8 is a cross-sectional side view of the semi 
conductor substrate of FIG. 7 with lightly-doped pockets of 
opposite doping type formed on the LDD regions. 
0016 FIG. 9 is a cross-sectional side view of the semi 
conductor of FIG. 8 with spacers formed on the gate 
electrodes and a silicide block dielectric material formed 
between the gate electrodes. 
0017 FIG. 10 is a cross-sectional side view of the semi 
conductor substrate of FIG. 9 with a source region and a 
drain region, formed thereon thus forming a semiconductor 
device according to one embodiment of the present inven 
tion. 
0018 FIG. 11 is a cross-sectional side view of the semi 
conductor device of FIG. 10 schematically illustrating elec 
trical connections made thereto. 
0019 FIGS. 12 and 13 are circuit diagrams of the semi 
conductor device of FIG. 11. 
0020 FIG. 14 is a flow diagram illustrating a method for 
manufacturing a semiconductor device. 
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DETAILED DESCRIPTION 

0021 Embodiments of the inventive subject matter 
include multi-gate semiconductor devices having a channel 
carrier type and pockets of the opposite carrier type between 
the gates and on the drain side of the gates. As shown in 
further detail below, the resulting device may produce an 
additional depletion region, with the result that the maximal 
electric field at the drain-side of the semiconductor device 
may be reduced, improving HCI immunity even at Small 
sizes and relatively high drain Voltage (e.g. approximately 
6V). The pockets may also reduce blocking-state drain-side 
gate edge Voltages, improving accumulation mode time 
dependent dielectric breakdown. The output impedance may 
also be improved. Some embodiments include silicide block 
dielectric material between the gates, reducing the effective 
doping between the gates and further reducing the maximal 
drain-side electric field. In some embodiments, the semi 
conductor device also has a broader safe operating area, and 
is self-aligned. 
0022 FIGS. 1-11 illustrate steps involved in fabricating a 
multi-gate semiconductor device in accord with embodi 
ments of the present invention. Referring to FIG. 1, there is 
illustrated a semiconductor substrate 20. The semiconductor 
Substrate 20 is made of a semiconductor material. Such as 
gallium arsenide (GaAs), gallium nitride (GaN), or silicon 
(Si). The substrate 20 has an upper surface 22, a lower 
surface 24, and a thickness 26 of for example, between 
approximately 300 and 1000 microns. The semiconductor 
material of the substrate 20 may be of a first conductivity 
type, or doped with a first dopant type, and may include an 
upper layer of epitaxial silicon, as is commonly understood 
in the art. In the example illustrated in FIG. 1, the substrate 
20 is a “P-type' semiconductor substrate and is doped with 
boron (B) to a concentration of, for example, approximately 
10x10" atoms per cm. 
0023. Although only a portion of the semiconductor 
substrate 20 is illustrated, it should be understood that the 
substrate 20 may be a semiconductor wafer with a diameter 
of for example, approximately 150, 200, or 300 millimeters. 
Additionally, although not specifically illustrated, the sub 
strate 20 may be divided into multiplies dies, or “dice,” as 
commonly understood in the art. Furthermore, although the 
following process steps may be shown as being performed 
on only a small portion of the substrate 20, it should be 
understood that each of the steps may be performed on 
substantially the entire substrate 20, or multiple dice, simul 
taneously. Furthermore, although not shown, it should be 
understood that the processing steps described below may be 
facilitated by the deposition and exposure of additional 
photoresist layers, as is commonly understood. 
0024. As shown in FIG. 2, a well region 28 is then formed 
within the substrate 20. In an exemplary embodiment, the 
well region 28 is formed using ion implantation to have the 
first conductivity type (e.g. P-type). The well region is, for 
example, doped with boron to a concentration of between 
2.0x10' atoms per cm and 6.0x10" atoms per cm. 
Although in the example illustrated in FIG. 2, the well 
region 28 is shown as covering the entire Substrate 20, and 
as a result is equivalent to the Substrate, and is not separately 
shown in Subsequent figures, it should be understood that the 
well region 28 may only cover discrete portions of the entire 
Substrate 20 and, in one embodiment, has a thickness of 
approximately 0.5 to 3.0 microns. 
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(0025 Referring to FIG. 3, a gate dielectric layer 30 and 
a gate electrode layer 32 are then formed on the upper 
surface 22 of the substrate 20. The gate dielectric layer 30 is 
made of an insulating material. Such as silicon oxide, and has 
a thickness of for example, between approximately 25 and 
400 angstroms. The gate electrode layer 32, in one embodi 
ment, is made of poly-silicon and has a thickness of approxi 
mately 0.1 to 0.5 microns. The gate dielectric layer 30 may 
be formed through, for example, thermal oxidation, and the 
gate electrode layer 32 may be formed using, for example, 
chemical vapor deposition (CVD). 
0026. Next, referring to FIGS. 4-6, the gate dielectric 
layer 30 and the gate electrode layer 32 are patterned and 
etched. As shown in FIG.4, a photoresist layer 34 is formed 
over the gate electrode layer 32 to a thickness of, for 
example, between 0.2 and 5 microns. The photoresist layer 
34 is then selectively exposed and developed to remove 
portions thereof from over the gate electrode layer 32. The 
uncovered portions of the gate dielectric layer 30 and the 
gate electrode layer 32 are then etched to expose specific 
portions of the upper surface 22 of the substrate 20, as shown 
in FIG. 5. As illustrated in FIG. 6, the remaining portions of 
the photoresist layer 34 are then stripped from the gate 
electrode layer 32. As shown, after the photoresist is 
stripped, a first gate formation 36 and a second gate forma 
tion 38 remain on the upper surface of the substrate 20. Both 
the first gate formation 36 and the second gate formation 38 
include a portion of the gate dielectric layer 30 (i.e. a gate 
dielectric) and a portion of the gate electrode layer 32 (i.e. 
a gate electrode). 
0027. In one embodiment, the first gate formation 36 has 
a length 40 that is at least 50% greater than a length 42 of 
the second gate formation 38. In one embodiment, the length 
40 of the first gate formation 36 is between 0.1 and 1.0 
microns, and the length 42 of the second gate formation 38 
is between 0.05 and 0.6 microns. The length 42 of the second 
gate formation 38 may correspond to the size of the smallest 
possible feature (e.g. 0.13 microns) using current comple 
mentary metal oxide semiconductor (CMOS) processing 
steps, as will be appreciated by one skilled in the art. 
Although not specifically illustrated, the first gate formation 
36 and the second gate formation 38 may be connected 
outside the “active area, as is commonly understood, using 
either poly lines or contact/metal lines. In addition, the first 
gate formation 36 is spaced or separated from the second 
gate formation 38 by a distance, wherein the distance is 
selected according to the requirements of a given multi-gate 
semiconductor device implementation. When in operation, 
Voltages applied to each gate electrode layer may act across 
the gate dielectric layers to produce electric fields as set forth 
in further detail below; the variance of size between the first 
gate 36 and the second gate 38 may confer advantages in 
reliability and HCI prevention as described in further detail 
below. In some embodiments, the first gate formation 36 and 
second gate formation 38 act together in an analogous 
manner to a gate on a conventional MOSFET. 
0028. As shown in FIG. 7, a plurality of lightly-doped 
regions 52a-care then formed within the upper surface 22 of 
the substrate 20. As shown, the lightly-doped regions 52a-c 
are formed on opposing sides of each of the first and second 
gate formations 36 and 38 and completely cover the area 
therebetween, creating a first portion 52b between the first 
and second gate formations 36 and 38 and a source portion 
52a and drain portion 52c on the opposite sides of the first 
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36 and second 38 gate formations, respectively, from the first 
portion 52b. The lightly-doped regions 52a-b are formed 
using, for example, ion implantation and doped to have a 
second conductivity type (e.g. N-type lightly-doped drain 
(NLDD) implants) with phosphorous to a concentration of 
for example, between 1.0x10" atoms per cm and 8.0x10' 
atoms per cm. As shown in FIG. 8, during the implantation 
process and the thermal cycles afterwards, the lightly-doped 
regions diffuse laterally beneath the edges of the first and 
second gate formations 36 and 38. 
0029. Still referring to FIG. 8, after the formation of the 
lightly-doped regions 52a-b, pockets 54 of lightly-doped 
drain implants are formed in at least one of the lightly-doped 
regions 52a-b. The pockets 54 may be formed in the first 
portion 52b between the first and second gate formations 36 
and 38 and on the drain side 52c of the second gate 
formation 38. The pockets 54 are formed using, for example, 
ion implantation and doped to have the first conductivity 
type (e.g. P-type lightly-doped drain (PLDD) which is used 
for PMOS devices) implants with boron to a concentration 
of, for example, between 0.5x10' atoms per cm and 
6.0x10" atoms per cm. The concentration of dopants in the 
pockets 54 may be lower than in the lightly-doped regions; 
for instance, the concentration of dopant used in the pockets 
54 may be approximately half that used for the lightly-doped 
regions 52a-c. The pockets 54 may be shallower than the 
lightly-doped regions 52a-c. In some embodiments, the 
pockets 54 are formed in a region doped with both the 
second dopant and the first dopant, having a higher surface 
dopant concentration of the first dopant resulting in a 
shallow pocket near the Surface of the Substrate having a net 
first dopant prevalence, while the net dopant concentration 
of regions 52a-c outside of the pockets 54 has predomi 
nantly the second dopant type. 
0030) Referring to FIG. 9, spacers 56 are formed at the 
outer edges of the gate formations 36 and 38. The spacers 56 
may be made of silicon nitride or silicon oxide and formed 
using a blanket deposition process followed by an anisotro 
pic etch, as is commonly understood. The spacers 56 have, 
for example, widths 58 of between 0.03 and 0.15 microns. 
0031. Still referring to FIG. 9, a block 60 is formed 
between the first and second gate formations 36 and 38. The 
block 60 may be formed from a dielectric substance, such as 
silicon nitride, silicon oxide, or a combination of silicon 
nitride and silicon oxide; for instance, a layer of silicon 
oxide may be deposited first, followed by a layer of silicon 
nitride. The block 60 may be formed using a blanket 
deposition process such as CVD or plasma-enhanced CVD 
(PECVD), followed by an anisotropic etch, as is commonly 
understood. The block 60 may include a layer of silicon 
oxide having a thickness between 100 and 200 Angstroms. 
The block 60 may include a layer of silicon nitride having 
a thickness between 450 and 1450 Angstroms. The block 
may overlap the first gate electrode 36 and second gate 
electrode 38; in some embodiments, each electrode 36, 38 
has an upper Surface opposite the Substrate 20, and over 
lapping the first electrode 36 or second electrode 38 is 
accomplished by covering a piece of the upper Surface. The 
lateral overlap range of the block 60 may cover between 
0.005 microns and 0.2 microns of the upper surface of each 
gate electrode; the portion of each gate electrode covered by 
the overlap of the block 60 may be adjacent to the gap 
between the electrodes 36, 38 occupied by the block 60. 
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0032 Referring now to FIG. 10, an additional regions 62 
and 64 are then formed within the upper surface 22 of the 
Substrate 20 to create a source region including the lightly 
doped portion 52a and the newly-formed portion 62 and a 
drain region including the lightly-doped portion 52c and the 
newly-formed portion 64 are then. The additional regions 62 
and 64 may be formed using ion implantation and have 
N-type conductivity, being doped with phosphorous and/or 
arsenic to a concentration of, for example, between 1.0x10' 
atoms per cm and 1.0x10' atoms per cm. 
0033. As shown, the additional region 62 in the source 
region is formed over the lightly-doped region 52a adjacent 
to the first gate formation 36, and the additional region 64 in 
the drain region is formed over the lightly-doped region 52c 
adjacent to the second gate formation 38. The lightly-doped 
region 52b between the gate formations 36 and 38 and the 
pockets 54 are protected by the silicide block dielectric 
material 60 and the spacers 56, respectively, from the doping 
process that produces the source region 62 and the drain 
region 64, so that the pockets 54 and lightly doped region 
52b between the gate formations 36 and 38 are largely left 
unchanged. As will be appreciated by one skilled in the art, 
the regions 62 and 64 laterally diffuse beneath the spacers 
56. However, the spacers 56 prevent the regions 62 and 64 
from diffusing beneath the gate formations 36 and 38. As 
such, the channels under the gate formations 36 and 38 are 
each separated from the respective regions 62 and 64 by a 
portion of one of the lightly-doped regions 52a-c, as well as 
the pocket 54 between the first and second gate formations 
36 and 38 and on the drain side of the gate formation 38. The 
regions 62 and 64, in one embodiment, have a thickness of 
between 0.1 and 2 micron. 
0034. The formation of the regions 62 and 64 in the 
Source and drain regions, respectively, may substantially 
complete the formation of a dual gate transistor or device. 
However, as will be appreciated by one skilled in the art, 
although not shown, other components, such as well regions 
and other contact regions, may be included in the formation 
of the device. 
0035 Final processing steps may include the formation 
of various insulating layers and conductive traces and con 
tacts (e.g. backend processing) over the device to form 
electrical connections 66 to the first and second gate forma 
tions 36 and 38 and the source 62 and 52a and drain regions 
64 and 52c, as illustrated in FIG. 11. The substrate 20 may 
then be sawed into individual microelectronic dice, or semi 
conductor chips, packaged, and installed in various elec 
tronic or computing systems. 
0036 Still referring to FIG. 11, in an exemplary embodi 
ment, during operation, the Source region 62 is grounded and 
an operational Voltage (e.g. approximately 6V) is applied to 
the drain region 64 and 52c. The first gate 36 serves as a 
channel region for the device, and the second gate 38 serves 
as an extended drain, thus reducing the maximum electric 
field experienced by the gates 36 and 38. That is, the load of 
the operational voltage is spread between the first gate 36 
and the second gate 38, and as a result, the adverse effects 
from hot carrier injection (HCI) are reduced. 
0037 To illustrate the operation of the dual gate structure 
more clearly, the structure may be considered to include two 
NMOS transistors T and T, which are connected in series 
with a common gate voltage V as shown in FIG. 12. The 
first transistor T represents the portion of the structure with 
the first gate 36 (i.e., the channel region with a higher 



US 2017/0077233 A1 

threshold voltage (V)). The threshold voltage of the first 
transistor T (i.e., V) is, for example, between 0.5 and 0.8 
V. The second transistor T represents the portion of the 
structure with the second gate 38 (i.e., the channel region 
with a lower threshold voltage). The threshold voltage of the 
second transistor T (i.e., V) is, in one embodiment, 
between -0.1 and 0.1 V. 

0038. The threshold voltage for the second transistor T 
may be made negative by creating an extremely short gate 
length for the second gate 38. During the formation of the 
lightly-doped regions 52 as shown in FIGS. 7 and 8, the 
lightly-doped regions 52 can diffuse laterally under both 
sides of the second gate 38. Since the gate length 42 of the 
second gate 38 is very small, the lightly-doped regions 52b 
and 52c on both sides of the second gate 38 can be formed 
such that the regions 52b-c nearly contact each other and 
form a so called “depletion mode NMOS, which has a 
negative threshold voltage and can only be shut off when the 
gate voltage V, as shown in FIG. 12, is negative, as is 
commonly understood. 
0039. The two-transistor model can be further simplified 
as two variable resistors R and R connected in series, as 
shown in FIG. 13. The value of the first resistor R is 
determined by the gate overdrive from the first gate 36 (i.e. 
T), which is the difference between the gate voltage and its 
threshold voltage (i.e. V-V). Similarly, the value of the 
second resistor R depends on the gate overdrive from the 
second gate 38 (i.e., T.), which is V-V-V, where V12 
is the “floating voltage” on the region between the first gate 
36 and the second gate 38. The higher the gate overdrive, the 
lower the resistance for the first resistor R or the second 
resistor R. 
0040. For very low drain voltage (V) biases, (e.g. V, 0. 
1V), because V (i.e., the drain bias for T) is very small 
(V<V, 0.1V), it is expected that the gate overdrive from 
the first gate 36 will be substantially less than the gate 
overdrive from the second gate 38 (i.e., V-V,<V-V- 
V because V.DV) so that the value of the first resistor 
R is Substantially greater than the value of the second 
resistor R. (i.e., RD-R). In such a case, the first transistor 
T has a greater Voltage drop than the second transistor T. 
When the drain Voltage increases, the floating Voltage V 
should increase accordingly. When the elevated drain volt 
age increases to a point Such that the overdrives for T and 
T. become comparable (i.e., V-V, -V-V-V), then the 
values of the resistors could approximately equalize (i.e., 
R-R), as should the Voltage drops in T and T. As the 
drain Voltage is raised further, so is the floating Voltage V, 
and the overdrive voltages begin to reverse (i.e. switch from 
V-V,<V-V-VI to V-V,>V-V-V). 
0041 As such, the values of the two resistors R and R. 
eventually reverse from R>R to R<R. When this 
occurs, there is more Voltage dropped in the second transis 
tor T than in the first transistor T. Therefore, the second 
transistor T, or more specifically the second gate 38, serves 
as a protective device that limits the actual Voltage drop on 
the first gate 36 (or the first transistorT) when the supplied 
drain Voltage is higher. The sharing of the drain Voltage bias 
between the first and second transistors T and T can reduce 
the electrical field in the gates of 36 and 38, so that the severe 
HCI damage can be reduced. 
0.042 At relatively high drain Voltage (e.g. approximately 
6V), the HCI degradation is more severe and further 
improvement is required. This is achieved by the pocket 
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implant 54 and the silicide block material 60. The pockets 54 
have the opposite conductance from the channel. As a result, 
an additional depletion region is created which helps further 
reduce the maximum drain-side electric field and thus fur 
ther improves the HCI immunity. Another result of the 
inclusion of the pockets 54 is the voltage at the drain side 
gate edge is reduced in blocking state and so the accumu 
lation mode time-dependent dielectric breakdown (TDDB) 
is improved. This design also improves the output imped 
ance of the semiconductor device. 

0043. The silicide block dielectric material 60 reduces the 
effective doping between the first gate 36 and the second 
gate 38 and thus reduces the electric field at the drain side. 
So the HCI degradation is further reduced. The block 60 also 
improves the reliability of the manufacturing process, by 
ensuring that unpredictable amounts of the heavier doping 
required to create the Source region 62 and 52a and drain 
region 64 and 52c in some embodiments are not introduced 
between the first and second gate electrodes 36 and 38. The 
greater predictability of the manufacturing process also 
results in more predictable parametric behavior in the 
assembled semiconductor device. 
0044. In addition to minimizing the HCI degradation, 
improving accumulation mode TDDB, and improving the 
output impedance, this device also exhibits much better safe 
operating area than conventional extended drain structures. 
Another advantage is that because the structure of the device 
is self-aligned, the matching performance of the device is 
improved. A further advantage is that the saturation current 
of the transistor is increased, as the saturation current is 
mainly determined by the length of the first gate which can 
be very small (e.g. 0.2 micron) without the device being 
damaged by HCI. Therefore, the overall size of the device is 
effectively decreased. A yet further advantage is that the 
transistor may be constructed using standard complementary 
metal oxide semiconductor (CMOS) processing steps, with 
out requiring additional mask or otherwise increasing the 
process complexity, and thus avoiding increases in manu 
facturing costs. 
004.5 FIG. 14 illustrates a method 1400 for manufactur 
ing a semiconductor device. The method includes forming, 
on the upper Surface of a Substrate having a first dopant type, 
a first gate electrode and a second gate electrode (1401); this 
may be implemented as described above in connection with 
FIGS. 1-13. The method includes forming a first region of a 
second dopant type in the upper Surface of the Substrate 
between and partially underlying the first and second gate 
electrodes, the first region having a first dopant concentra 
tion (1402); this may be implemented as described above in 
connection with FIGS. 1-13. The method includes forming 
a first pocket of the first dopant type in the first region, the 
first pocket being spaced apart from the first and second gate 
electrodes and having a second dopant concentration (1403); 
this may be implemented as described above in connection 
with FIGS 1-13. 

0046. The method may include forming a second pocket 
of the first dopant material in the drain region, the second 
pocket being spaced apart from the second gate electrode 
and having a fourth dopant concentration (1404); this may 
be accomplished as described above in connection with 
FIGS. 1-13. The method may further include depositing a 
block of dielectric material between the first gate electrode 
and the second gate electrode (1405). In some embodiments, 
the block of dielectric material is deposited as disclosed 
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above in reference to FIGS. 1-13. The method may include 
forming a source region of the second dopant type adjacent 
to the first electrode and a drain region of the second dopant 
type adjacent to the second electrode in the upper Surface of 
the Substrate, the source region and the drain region having 
a third dopant concentration. In some embodiments, the 
Source and drain region are formed as described above in 
reference to FIGS. 1-13. 

0047. Other embodiments may utilize different sizes and/ 
or numbers of gate electrodes than those described above. 
The device may also be constructed with the first and second 
gate electrodes having approximately the same width or with 
the second gate electrode being wider than the first gate 
electrode. Different dopants and different concentrations of 
dopants may be used, as is commonly understood. Although 
the description above refers to P-type as being the first 
dopant and conductivity type and N-type as being the second 
dopant and conductivity type, it should be understood that 
the dopant types of the various regions may be Switched, as 
is commonly understood in the art. 
0048. As will be appreciated, embodiments as disclosed 
include at least the following. In one embodiment, a semi 
conductor device includes a Substrate having a first dopant 
type. The semiconductor device includes a first gate elec 
trode formed over the substrate. The semiconductor device 
includes a second gate electrode formed over the Substrate 
and spatially separated from the first gate electrode. The 
semiconductor device includes a first region of a second 
dopant type formed in the substrate between and partially 
underlying the first and second gate electrodes, the first 
region having a first dopant concentration. The semiconduc 
tor device includes a first pocket of the first dopant type 
formed in the first region, the pocket being spaced apart 
from the first and second gate electrodes and having a 
second dopant concentration. The semiconductor device 
includes a source region formed in the semiconductor Sub 
strate on an opposing side of the first gate electrode from the 
first region, the source region having the second dopant type. 
The semiconductor device includes a drain region formed in 
the semiconductor Substrate on an opposing side of the 
second gate electrode from the first region, the drain region 
having the second dopant type. 
0049. In alternative embodiments, the device further 
includes a second pocket of the first dopant type formed in 
the drain region, the second pocket being adjacent to and 
spaced apart from the second electrode, the second pocket 
having a third dopant concentration. The first dopant con 
centration may be greater than the second dopant concen 
tration and the third dopant concentration. The first dopant 
type may be P-type and the second dopant type may be 
N-type. In other embodiments, the device further includes a 
block of dielectric material between the first gate electrode 
and the second gate electrode, the block overlapping the first 
gate electrode and the second gate electrode. The block of 
dielectric material may also include a layer of silicon nitride. 
The block of dielectric material may additionally include a 
layer of silicon oxide. The block of dielectric material may 
further include a combination of silicon nitride and silicon 
oxide. In some embodiments, the device includes a dual gate 
MOS transistor, wherein the first gate electrode serves as a 
channel region and the second gate electrode serves as an 
extended drain. The extended drain may be lightly doped. In 
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Some embodiments, the device includes a gate dielectric 
formed between each of the first and second gate electrodes 
and the substrate. 
0050. In another embodiment, a semiconductor device 
includes a Substrate having a first dopant type. The semi 
conductor device includes a first gate electrode formed over 
the Substrate. The semiconductor device includes a second 
gate electrode formed over the Substrate and spatially sepa 
rated from the first gate electrode, wherein the first gate 
electrode has a first length and the second gate electrode has 
a second length, the second length being Substantially dif 
ferent from the first length. The semiconductor device 
includes a first region of a second dopant type formed in the 
substrate between and partially underlying the first and 
second gate electrodes, the first region having a first dopant 
concentration. The semiconductor device includes a first 
pocket of the first dopant type formed in the first region, the 
pocket being spaced apart from the first and second gate 
electrodes and having a second dopant concentration. The 
semiconductor device includes a source region formed in the 
semiconductor Substrate on an opposing side of the first gate 
electrode from the first region, the source region having the 
second dopant type. The semiconductor device includes a 
drain region formed in the semiconductor Substrate on an 
opposing side of the second gate electrode from the first 
region, the drain region having the second dopant type. 
0051. In additional embodiments, the first length is 
greater than the second length. The first length may be at 
least 50 percent greater than the second length. The second 
length may be less than 0.2 microns. The device may further 
include a second pocket of the first dopant type formed in the 
drain region, the second pocket being adjacent to and spaced 
apart from the second electrode, the second pocket having a 
third dopant concentration. In some embodiments, the 
device also includes a block of dielectric material between 
the first gate electrode and the second gate electrode, the 
block overlapping the first gate electrode and the second 
gate electrode. 
0052. In an alternative embodiment, a method for manu 
facturing a semiconductor device includes forming, on the 
upper Surface of a Substrate having a first dopant type, a first 
gate electrode and a second gate electrode. The method 
includes forming a first region of a second dopant type in the 
upper surface of the substrate between and partially under 
lying the first and second gate electrodes, the first region 
having a first dopant concentration. The method includes 
forming a first pocket of the first dopant type in the first 
region, the first pocket being spaced apart from the first and 
second gate electrodes and having a second dopant concen 
tration. 

0053. In an alternative embodiment, the method includes 
depositing a block of dielectric material between the first 
gate electrode and the second gate electrode and forming a 
Source region of the second dopant type adjacent to the first 
electrode and a drain region of the second dopant type 
adjacent to the second electrode in the upper Surface of the 
Substrate, the source region and the drain region having a 
third dopant concentration. In another embodiment, the 
method also includes forming a second pocket of the first 
dopant material in the drain region, the second pocket being 
spaced apart from the second gate electrode and having a 
fourth dopant concentration. 
0054 While at least one exemplary embodiment has been 
presented in the foregoing detailed description of the inven 
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tion, it should be appreciated that a vast number of variations 
exist. It should also be appreciated that the exemplary 
embodiment or exemplary embodiments are only examples, 
and are not intended to limit the scope, applicability, or 
configuration of the invention in any way. Rather, the 
foregoing detailed description will provide those skilled in 
the art with a convenient road map for implementing an 
exemplary embodiment of the invention, it being understood 
that various changes may be made in the function and 
arrangement of elements described in an exemplary embodi 
ment without departing from the scope of the invention as 
set forth in the appended claims and their legal equivalents. 
0055 Although the invention is described herein with 
reference to specific embodiments, various modifications 
and changes can be made without departing from the scope 
of the present invention as set forth in the claims below. 
Accordingly, the specification and figures are to be regarded 
in an illustrative rather than a restrictive sense, and all Such 
modifications are intended to be included within the scope of 
the present invention. Any benefits, advantages, or solutions 
to problems that are described herein with regard to specific 
embodiments are not intended to be construed as a critical, 
required, or essential feature or element of any or all the 
claims. 
0056. Unless stated otherwise, terms such as “first and 
“second are used to arbitrarily distinguish between the 
elements such terms describe. Thus, these terms are not 
necessarily intended to indicate temporal or other prioriti 
Zation of Such elements. 
0057 The foregoing detailed description is merely exem 
plary in nature and is not intended to limit the invention or 
application and uses of the invention. Furthermore, there is 
no intention to be bound by any expressed or implied theory 
presented in the preceding technical field, background, brief 
Summary, or the following detailed description. 

1. A semiconductor device comprising: 
a Substrate having a first dopant type; 
a first gate electrode formed over the substrate; 
a second gate electrode formed over the Substrate and 

spatially separated from the first gate electrode: 
a first region of a second dopant type formed in the 

substrate between and partially underlying the first and 
second gate electrodes, the first region having a first 
dopant concentration; 

a first pocket of the first dopant type formed in the first 
region, the pocket being spaced apart from the first and 
second gate electrodes and having a second dopant 
concentration; 

a source region formed in the semiconductor Substrate on 
an opposing side of the first gate electrode from the first 
region, the Source region having the second dopant 
type; and 

a drain region formed in the semiconductor Substrate on 
an opposing side of the second gate electrode from the 
first region, the drain region having the second dopant 
type. 

2. The semiconductor device of claim 1, wherein the 
device further comprises a second pocket of the first dopant 
type formed in the drain region, the second pocket being 
adjacent to and spaced apart from the second electrode, the 
second pocket having a third dopant concentration. 

3. The semiconductor device of claim 1, wherein the first 
dopant concentration is greater than the second dopant 
concentration and the third dopant concentration. 

Mar. 16, 2017 

4. The semiconductor device of claim 1, wherein the first 
dopant type is P-type and the second dopant type is N-type. 

5. The semiconductor device of claim 1, wherein the 
device further comprises a block of dielectric material 
between the first gate electrode and the second gate elec 
trode, the block overlapping the first gate electrode and the 
second gate electrode. 

6. The semiconductor device of claim 5, wherein the 
block of dielectric material further comprises a layer of 
silicon nitride. 

7. The semiconductor device of claim 5, wherein the 
block of dielectric material further comprises a layer of 
silicon oxide. 

8. The semiconductor device of claim 5, wherein the 
block of dielectric material further comprises a combination 
of silicon nitride and silicon oxide. 

9. The semiconductor device of claim 1, wherein the 
device comprises a dual gate MOS transistor, wherein the 
first gate electrode serves as a channel region and the second 
gate electrode serves as an extended drain. 

10. The semiconductor device of claim 9 wherein the 
extended drain is lightly doped. 

11. The semiconductor device of claim 1, further com 
prising a gate dielectric formed between each of the first and 
second gate electrodes and the Substrate. 

12. A semiconductor device comprising: 
a Substrate having a first dopant type; 
a first gate electrode formed over the substrate; 
a second gate electrode formed over the substrate and 

spatially separated from the first gate electrode, 
wherein the first gate electrode has a first length and the 
second gate electrode has a second length, the second 
length being substantially different from the first 
length; 

a first region of a second dopant type formed in the 
substrate between and partially underlying the first and 
second gate electrodes, the first region having a first 
dopant concentration; 

a first pocket of the first dopant type formed in the first 
region, the pocket being spaced apart from the first and 
second gate electrodes and having a second dopant 
concentration; 

a source region formed in the semiconductor Substrate on 
an opposing side of the first gate electrode from the first 
region, the source region having the second dopant 
type; and 

a drain region formed in the semiconductor Substrate on 
an opposing side of the second gate electrode from the 
first region, the drain region having the second dopant 
type. 

13. The semiconductor device of claim 12, wherein the 
first length is greater than the second length. 

14. The semiconductor device of claim 13, wherein the 
first length is at least 50 percent greater than the second 
length. 

15. The semiconductor device of claim 13, wherein the 
second length is less than 0.2 microns. 

16. The semiconductor device of claim 12, wherein the 
device further comprises a second pocket of the first dopant 
type formed in the drain region, the second pocket being 
adjacent to and spaced apart from the second electrode, the 
second pocket having a third dopant concentration. 

17. The semiconductor device of claim 12, wherein the 
device further comprises a block of dielectric material 



US 2017/0077233 A1 

between the first gate electrode and the second gate elec 
trode, the block overlapping the first gate electrode and the 
second gate electrode. 

18. A method for manufacturing a semiconductor device, 
the method comprising: 

forming, on the upper Surface of a Substrate having a first 
dopant type, a first gate electrode and a second gate 
electrode: 

forming a first region of a second dopant type in the upper 
surface of the substrate between and partially underly 
ing the first and second gate electrodes, the first region 
having a first dopant concentration; and 

forming a first pocket of the first dopant type in the first 
region, the first pocket being spaced apart from the first 
and second gate electrodes and having a second dopant 
concentration. 

19. The method of claim 18 further comprising: 
depositing a block of dielectric material between the first 

gate electrode and the second gate electrode; and 
forming a source region of the second dopant type adja 

cent to the first electrode and a drain region of the 
second dopant type adjacent to the second electrode in 
the upper Surface of the Substrate, the source region and 
the drain region having a third dopant concentration. 

20. The method of claim 18 further comprising forming a 
second pocket of the first dopant material in the drain region, 
the second pocket being spaced apart from the second gate 
electrode and having a fourth dopant concentration. 
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