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Different threshold voltages of transistors of the same con 
ductivity type in a complex integrated circuit may be adjusted 
on the basis of different Miller capacitances, which may be 
accomplished by appropriately adapting a spacer width and/ 
or performing a tilted extension implantation. Thus, efficient 
process strategies may be available to controllably adjust the 
Miller capacitance, thereby providing enhanced transistor 
performance of low threshold transistors while not unduly 
contributing to process complexity compared to conventional 
approaches in which threshold Voltage values may be 
adjusted on the basis of complex halo and well doping 
regimes. 
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THRESHOLD ADJUSTMENT FORMOS 
DEVICES BY ADAPTING ASPACER WIDTH 

PRIOR TO MPLANTATION 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present disclosure generally relates to the fab 
rication of integrated circuits, and, more particularly, to the 
fabrication of highly Sophisticated integrated circuits includ 
ing transistor structures of different threshold voltages. 
0003 2. Description of the Related Art 
0004. The manufacturing process for integrated circuits 
continues to improve in several ways, driven by the ongoing 
efforts to scale down the feature sizes of the individual circuit 
elements. A key issue in developing integrated circuits of 
increased packing density and enhanced performance is the 
Scaling of transistor elements, such as MOS transistor ele 
ments, to increase the number of transistor elements in order 
to enhance performance of modern CPUs and the like with 
respect to operating speed and functionality. One important 
aspect in manufacturing field effect transistors having 
reduced dimensions is the reduction of the length of the gate 
electrode that controls the formation of a conductive channel 
separating the source and drain regions of the transistor. The 
Source and drain regions of the transistor element are conduc 
tive semiconductor regions including dopants of an inverse 
conductivity type compared to the dopants in the Surrounding 
crystalline active region, which may also be referred to as a 
substrate or a well region. 
0005. Although the reduction of the gate length is neces 
sary for obtaining Smaller and faster transistor elements, it 
turns out, however, that a plurality of issues are additionally 
involved to maintain proper transistor performance for a 
reduced gate length. For example, so-called short channel 
effects may occur for highly scaled transistor elements, 
resulting in a reduced controllability of the channel region, 
which may result in increased leakage currents and generally 
in degraded transistor performance. One challenging task in 
this respect, therefore, is the provision of appropriately 
designed junction regions in the form of shallow junctions, at 
least at the area in the vicinity of the channel region, i.e., 
Source and drain extension regions, which nevertheless 
exhibit a moderately high conductivity so as to maintain the 
resistivity in conducting charge carriers from the channel to a 
respective contact area of the drain and Source regions at a 
relatively low level while also controlling the parasitic drain/ 
Source capacitance and the electric field of the cut-off region. 
The requirement for shallow junctions having a relatively 
high conductivity while providing adequate channel control 
is commonly met by performing an ion implantation 
sequence on the basis of a spacer structure so as to obtain a 
high dopant concentration having a profile that varies later 
ally and in depth. The introduction of a high dose of dopants 
into a crystalline Substrate area, however, generates heavy 
damage in the crystal structure, and therefore one or more 
anneal cycles are typically required for activating the dopants, 
i.e., for placing the dopants at crystal sites, and to cure the 
heavy crystal damage. However, the electrically effective 
dopant concentration is limited by the ability of the anneal 
cycles to electrically activate the dopants. This ability in turn 
is limited by the solid solubility of the dopants in the silicon 
crystal and the temperature and duration of the anneal process 
that are compatible with the process requirements. Moreover, 
besides the dopant activation and the curing of crystal dam 
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age, dopant diffusion may also occur during the annealing, 
which may lead to a “blurring of the dopant profile. This 
effect may be advantageous in some cases for defining critical 
transistor properties, such as the overlap between the exten 
sion regions and the gate electrode. Therefore, for highly 
advanced transistors, the positioning, shaping and maintain 
ing of a desired dopant profile are important properties for 
defining the final performance of the device, since the overall 
series resistance of the conductive path between the drain and 
source contacts as well as the controllability of the channel 
region may represent a dominant aspect for determining the 
transistor performance. 
0006 Moreover, other important transistor characteristics 
may presently also be adjusted on the basis of the complex 
dopant profile in the active regions of the transistor elements. 
For example, the threshold Voltage of a transistor, i.e., the 
Voltage applied between the gate electrode and the source 
terminal of the transistor element, at which a conductive 
channel forms in the channel region, is a transistor character 
istic that substantially affects overall transistor performance. 
Typically, the ongoing shrinkage of critical dimensions of the 
transistors may also be associated with a continuous reduc 
tion of the Supply Voltage of electronic circuitry. Conse 
quently, for performance-driven transistor elements, the cor 
responding threshold Voltage may also have to be reduced in 
order to obtain a desired high Saturation current at a reduced 
gate Voltage, since the reduced Supply Voltage may also 
restrict available Voltage Swing for controlling the channel of 
the transistor. However, the reduction of the threshold volt 
age, which may typically be accomplished by appropriately 
doping the well region of the transistor in combination with 
Sophisticated halo implantation processes, which are 
designed to provide the appropriate dopant gradient at the PN 
junctions and the overall conductivity of the channel region, 
may also affect the static leakage currents of the transistors. 
That is, by lowering the threshold voltage, typically, the off 
current of the transistors may increase, thereby contributing 
to the overall power consumption of an integrated circuit, 
which may comprise millions of corresponding transistor 
elements. In addition to increased leakage currents caused by 
extremely thin gate dielectric materials, the static power con 
Sumption may result in unacceptable high power consump 
tion, which may not be compatible with the heat dissipation 
capabilities of integrated circuits designed for general pur 
poses. In an attempt to maintain the overall static leakage 
currents at an acceptable level, complex circuitries are typi 
cally designed so as to identify speed-critical paths and selec 
tively form transistors of the speed critical-paths to have a low 
threshold Voltage, while less critical signal paths may be 
realized on the basis of transistors of higher threshold voltage, 
thereby reducing static leakage currents while, however, also 
reducing Switching speed of these transistors. For example, in 
modem central processing units (CPUs), several different 
“flavors” of transistors may be employed in order to take into 
consideration the different hierarchy with respect to signal 
processing speed. Consequently, during the complex implan 
tation sequence for defining the dopant profile in the active 
regions of the transistors of different threshold voltage, an 
appropriate masking regime may be implemented in order to 
perform implantation processes on the basis of appropriately 
selected process parameters, in particular during the corre 
sponding well implantation processes and halo implantation 
processes in combination with the shallow extension implan 
tations to comply with the various design requirements with 
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respect to implementing transistors of different threshold 
Voltage. Although significant advances have been made with 
respect to obtaining a desired total performance of complex 
integrated circuits, while nevertheless not unduly increasing 
the overall static power consumption, it is nevertheless the 
goal of semiconductor manufacturers to increase perfor 
mance of transistors, in particular of low threshold transistors, 
that is, to increase the drive current substantially without 
increasing the static leakage currents. In this respect, it has 
been proposed to enhance transistor performance for transis 
tors by increasing the Miller capacitance by increasing the 
overlap of the drain and Source extension regions with gate 
electrode structure. Although this concept may be a promis 
ing approach for enhancing transistor performance, an effi 
cient implementation in well-established CMOS technolo 
gies may have to be realized. 
0007. The present disclosure is directed to various meth 
ods and devices that may avoid, or at least reduce, the effects 
of one or more of the problems identified above. 

SUMMARY OF THE INVENTION 

0008. The following presents a simplified summary of the 
invention in order to provide a basic understanding of some 
aspects of the invention. This Summary is not an exhaustive 
overview of the invention. It is not intended to identify key or 
critical elements of the invention or to delineate the scope of 
the invention. Its sole purpose is to present some concepts in 
a simplified form as a prelude to the more detailed description 
that is discussed later. 
0009 Generally, the present disclosure relates to methods 
and semiconductor devices in which an increase of the Miller 
capacitance may be selectively obtained for transistor ele 
ments requiring a reduced threshold Voltage by incorporating, 
in some illustrative aspects disclosed herein, techniques in the 
overall process flow in order to adapt a width of sidewall 
spacers prior to introducing a dopant species for forming 
drain and Source extension regions. In this manner, the over 
lap and thus the Miller capacitance may be increased. Sub 
stantially without requiring additional threshold implantation 
techniques during the definition of the well and halo regions. 
In other illustrative aspects disclosed herein, in addition to or 
alternatively to appropriately adapting the spacer width for 
transistors of the same conductivity type, the tilt angles may 
be selectively varied for defining the lateral dopant profile of 
transistors of different threshold voltage, thereby also provid 
ing an appropriately adapted Miller capacitance. For 
example, for low threshold transistors, an additional tilted 
extension implantation may be performed, thereby not only 
increasing the lateral penetration depth under the gate elec 
trode structure but also increasing the overall dopant concen 
tration, which may result in a more efficient modification of 
the Miller capacitance during Subsequent anneal techniques. 
Consequently, an efficient adjustment of threshold Voltages 
of transistors of the same conductivity type may be accom 
plished by adapting the Miller capacitance on the basis of an 
appropriate masking regime, which may not unduly contrib 
ute to overall process complexity, since, in Some illustrative 
aspects, other masking steps, for instance for appropriately 
defining different threshold voltage levels by means of halo 
and well implantations, may be omitted. 
0010. One illustrative method disclosed herein comprises 
forming a spacer layer above a first structure formed above a 
first active region of a semiconductor device. The spacer layer 
is also formed above a second structure that is formed above 
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a second active region, wherein the first and second structures 
represent a gate electrode or a gate place holder structure of a 
first transistor and a second transistor, respectively. The first 
transistor receives a first threshold Voltage and the second 
transistor receives a second threshold Voltage that is higher 
than the first threshold voltage. The method additionally com 
prises forming a first spacer element on sidewalls of the first 
structure and a second spacer element on sidewalls of the 
second structure, wherein the first spacer element has a first 
width that is less than a second width of the second spacer 
element. Finally, the method comprises performing an 
implantation sequence on the basis of the first and second 
structures and the first and second spacer elements to form 
drain and source regions in the first and second active regions. 
0011. Another illustrative method disclosed herein com 
prises selectively introducing a first dopant species into a first 
active region by performing a first implantation process while 
masking a second active region. The first active region has 
formed thereon a first gate electrode structure or a first gate 
place holder structure of a first transistor and the second 
active region has formed thereon a second gate electrode 
structure or a second gate place holder structure of a second 
transistor, wherein the first and second transistors represent 
the same conductivity type. Additionally, the method com 
prises introducing a second dopant species into at least the 
second active region by a second implantation process, 
wherein the first and second dopant species create the same 
conductivity type and wherein the first and second implanta 
tion processes differ at least in a tilt angle. 
0012. One illustrative semiconductor device disclosed 
herein comprises a first transistor of a first conductivity type 
that has a first threshold Voltage and that comprises a first gate 
electrode structure comprising a first sidewall spacer struc 
ture having a first width. The semiconductor device further 
comprises a second transistor of the first conductivity type 
having a second threshold Voltage that is higher than the first 
threshold Voltage, wherein the second transistor comprises a 
second gate electrode structure including a second sidewall 
spacer structure having a second width that is greater than the 
first width. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The disclosure may be understood by reference to 
the following description taken in conjunction with the 
accompanying drawings, in which like reference numerals 
identify like elements, and in which: 
0014 FIGS. 1a-1d schematically illustrate cross-sectional 
views of a semiconductor device comprising transistors of the 
same conductivity type and of different threshold voltage 
during various manufacturing stages in which a spacer struc 
ture for defining the lateral dopant profile may be reduced for 
the low threshold Voltage transistor, according to illustrative 
embodiments; 
0015 FIGS. 1e-1fschematically illustrate cross-sectional 
views of the semiconductor device with transistors of differ 
ent threshold Voltage during various manufacturing stages in 
which a spacer width may be reduced by selectively modify 
ing the etch rate above one of the transistors by ion bombard 
ment prior to forming the spacer elements in a common etch 
process, according to further illustrative embodiments; 
0016 FIGS. 1g-1h schematically illustrate cross-sectional 
views of the semiconductor device including transistors of 
different threshold Voltage at various manufacturing stages in 
which a reduced spacer width may be provided in the low 
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threshold voltage transistor by selectively reducing a thick 
ness of the spacer layer above the low threshold voltage 
transistor prior to performing a common etch process for 
forming the spacer elements, according to yet other illustra 
tive embodiments; 
0017 FIGS. 1 i-11 schematically illustrate cross-sectional 
views of a semiconductor device including transistor ele 
ments of three different threshold voltages in various manu 
facturing stages in providing an appropriately adjusted spacer 
width for each of the transistors of different “flavor,” accord 
ing to further illustrative embodiments; and 
0018 FIGS. 2a-2b schematically illustrate cross-sectional 
views of a semiconductor device including transistors of dif 
ferent threshold voltage wherein the Miller capacitance may 
be increased by selectively performing a tilted implantation 
process, according to yet other illustrative embodiments. 
0019 While the subject matter disclosed herein is suscep 

tible to various modifications and alternative forms, specific 
embodiments thereofhave been shown by way of example in 
the drawings and are herein described in detail. It should be 
understood, however, that the description herein of specific 
embodiments is not intended to limit the invention to the 
particular forms disclosed, but on the contrary, the intention is 
to cover all modifications, equivalents, and alternatives fall 
ing within the spirit and scope of the invention as defined by 
the appended claims. 

DETAILED DESCRIPTION 

0020 Various illustrative embodiments of the invention 
are described below. In the interest of clarity, not all features 
of an actual implementation are described in this specifica 
tion. It will of course be appreciated that in the development 
of any such actual embodiment, numerous implementation 
specific decisions must be made to achieve the developers 
specific goals, such as compliance with system-related and 
business-related constraints, which will vary from one imple 
mentation to another. Moreover, it will be appreciated that 
such a development effort might be complex and time-con 
suming, but would nevertheless be a routine undertaking for 
those of ordinary skill in the art having the benefit of this 
disclosure. 
0021. The present subject matter will now be described 
with reference to the attached figures. Various structures, 
systems and devices are schematically depicted in the draw 
ings for purposes of explanation only and so as to not obscure 
the present disclosure with details that are well known to 
those skilled in the art. Nevertheless, the attached drawings 
are included to describe and explain illustrative examples of 
the present disclosure. The words and phrases used herein 
should be understood and interpreted to have a meaning con 
sistent with the understanding of those words and phrases by 
those skilled in the relevant art. No special definition of a term 
or phrase, i.e., a definition that is different from the ordinary 
and customary meaning as understood by those skilled in the 
art, is intended to be implied by consistent usage of the term 
or phrase herein. To the extent that a term or phrase is intended 
to have a special meaning, i.e., a meaning other than that 
understood by skilled artisans, such a special definition will 
be expressly set forth in the specification in a definitional 
manner that directly and unequivocally provides the special 
definition for the term or phrase. 
0022 Generally, the present disclosure relates to tech 
niques and semiconductor devices in which the threshold 
voltage of transistors may be adjusted by appropriately cre 
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ating a Miller capacitance of specified magnitude in order to 
obtain a desired high saturation current while nevertheless 
maintaining the off current at a low level. Consequently, the 
leakage currents of high performance transistors, i.e., of tran 
sistors providing a high drive current due to a reduced thresh 
old voltage, may be maintained at a low level, thereby also 
maintaining the static leakage currents at a low level. This 
may be accomplished by implementing efficient manufactur 
ing techniques that enable the increase of the overlap of the 
drain and source extension regions with the gate electrode 
structure without unduly contributing to overall process com 
plexity compared to conventional strategies, in which the 
threshold voltage may typically be adjusted on the basis of 
selectively performed well and halo implantation processes. 
For this purpose, in some illustrative embodiments, the spacer 
structure may by provided with a reduced width for transis 
tors requiring a low threshold voltage, thereby increasing the 
lateral distance of dopant species below the gate electrode 
structure after completing the basic transistor fabrication pro 
cesses, thereby resulting in an increased Miller capacitance. 
The increased Miller capacitance may in turn provide a 
reduced threshold voltage, even if other structural measures. 
such as well dopant profile and halo implantation, may be 
identical for transistors of the same conductivity type. Thus, 
if a plurality of different types of transistor of the same con 
ductivity type, such as N-channel transistors of different 
threshold voltages and P-channel transistors of different 
threshold voltages, may be required, each desired threshold 
voltage may be associated with a corresponding spacer width, 
thereby enabling an efficient adaptation of the overall perfor 
mance of the integrated circuit under consideration. 
0023. In other illustrative aspects disclosed herein, in 
addition to or alternatively to modifying the spacer width of at 
least some transistor types of different “flavor,” the Miller 
capacitance may be adjusted on the basis of an implantation 
process performed by using a different tilt angle in order to 
appropriately adjust the lateral penetration of dopant species 
during the implantation processes for defining drain and 
source extension regions. For this purpose, an appropriate 
masking regime may be provided in which transistor areas for 
receiving transistors of reduced threshold Voltage may expe 
rience at least one tilted implantation step in which a tilt angle 
may be greater compared to other transistor areas in which a 
reduced threshold voltage is to be established. Also, in this 
case, a plurality of different threshold voltages may be 
selected by providing an appropriate masking regime, in 
which at least a tilt angle may be varied for the different 
transistor areas in order to obtain a different degree of over 
lapping between the drain and source extensions and the gate 
electrodes. In some illustrative embodiments, the tilted 
implantation process may be performed additionally to an 
implantation process performed for other transistor areas 
requiring an increased threshold voltage, thereby concur 
rently increasing the overall dopant concentration in the low 
threshold voltage transistor, which may thus further contrib 
ute to enhanced device performance due to increased conduc 
tivity and an increased dopant gradient with respect to the 
adjacent channel region or halo region, thereby also provid 
ing an increased Miller capacitance. In some illustrative 
aspects, a very efficient adjustment of the Miller capacitance 
may be achieved by combining an appropriate adaptation of 
spacer width with tilted extension implantation processes so 
that a moderate difference of spacer width and the selected 
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implantation parameters may nevertheless provide a signifi 
cant difference in the resulting threshold voltages of different 
transistors. 

0024 FIG. 1a schematically illustrates a cross-sectional 
view of a semiconductor device 100, which may comprise a 
substrate 101 above which is formed a semiconductor layer 
103. The substrate 101 may represent any appropriate carrier 
material. Such as a semiconductor material, an insulating 
material and the like. The semiconductor layer 103 may rep 
resent a silicon-based layer since typically the vast majority 
of complex integrated circuits formed on the basis of CMOS 
technology may be fabricated by using silicon as a base 
material due to the virtually non-restricted availability and the 
well-known characteristics of this material. In other cases, the 
semiconductor layer 103 may include or receive other com 
ponents, such as germanium, carbon and the like, in order to 
adjust the basic electronic characteristics of circuit elements 
to be formed in and above the semiconductor layer 103. In 
still other illustrative embodiments, the semiconductor layer 
103 may represent any appropriate semiconductor compound 
in accordance with the overall device requirements. The sub 
strate 101 and the semiconductor layer 103 may represent a 
silicon-on-insulator (SOI) configuration, at least locally 
within the device 100, by providing a buried insulating layer 
(not shown) between the substrate 101 and the semiconductor 
layer 103. In other cases, the semiconductor layer 103 may be 
formed on a substantially crystalline semiconductor material 
without providing an intermediate insulating material. It 
should be appreciated that both configurations, i.e., an SOI 
architecture and a bulk architecture, may be provided concur 
rently in the device 100, however at different device regions. 
In the manufacturing stage shown, the semiconductor device 
100 may further comprise respective isolation structures 102. 
which may be provided in the form of shallow trench isola 
tions and the like, in order to define a plurality of active 
regions 104L. 104R within the semiconductor layer 103. In 
this respect, an active region is to be understood as a semi 
conductor region in which the conductivity is adjusted, at 
least locally, by introducing appropriate dopant species to 
form, for instance, PN junctions, channel areas and the like. 
The active region 104L may represent the transistor active 
area of a first transistor 150L, which represents a transistor of 
a specific conductivity type, such as an N-type transistor or a 
P-type transistor, which may require a moderately low thresh 
old Voltage, as previously explained. On the other hand, the 
second active region 104R may represent the transistor active 
area of a second transistor 150R, which may be indicated as a 
transistor of regular threshold voltage, that is, the threshold 
voltage thereof may be higher than the threshold voltage of 
the transistor 150L. For example, the transistor 150L may be 
provided within a critical signal path of the semiconductor 
device 100, in which enhanced drive current may be required. 
On the other hand, the transistor 150R may be associated with 
a less critical signal path, thereby providing reduced drive 
current at the benefit of reduced static leakage currents. 
0025. Furthermore, the transistors 150L, 15OR may com 
prise a gate electrode structure 151 or a place holder structure 
when an actual gate electrode structure is to be provided in a 
later manufacturing stage. For example, the gate electrode 
structure 151 may comprise a gate electrode or a place holder 
151A, which may be comprised of any appropriate material, 
Such as polysilicon and the like. Furthermore, a gate insula 
tion layer 151B, or an appropriate place holder material, is 
provided, for instance in the form of a silicon dioxide-based 
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material and the like. Additionally, a spacer structure 152L 
may be provided for the transistor 150L and a spacer structure 
152R may be provided for the transistor 150R, which may 
have substantially the same configuration at the manufactur 
ing stage shown in FIG.1a. That is, the structures 152L, 152R 
may be comprised of Substantially the same materials and 
may have Substantially the same width, i.e., the design width 
may be the same, while process related variations may cause 
a difference in the actual spacer widths. Furthermore, as 
illustrated, an etch mask 105 may be provided to cover the 
second transistor 150R while exposing the first transistor 
150L to an etch ambient 106. 

0026. The semiconductor device 100 as shown in FIG.1a 
may be formed on the basis of the following processes. Prior 
to or after the formation of the isolation structure 102, which 
may involve Sophisticated lithography, etch, deposition and 
planarization techniques, a desired dopant profile may be 
established in the active regions 104L. 104R in order to define 
the basic transistor characteristics. As previously explained, 
respective well implantation processes may conventionally 
be performed for transistors of the same conductivity type on 
the basis of a corresponding masking regime in order to adjust 
different threshold voltages. In some illustrative embodi 
ments, the well implantation process for the active regions 
104L. 104R may be performed as a common process, since a 
different threshold voltage may be adjusted on the basis of a 
different spacer width, as will be described later on in more 
detail. Next, the gate structures 151 may be formed by form 
ing the gate insulation layers 151B on the basis of any appro 
priate and well-established process technique, followed by 
the deposition of the electrode material 151A, for instance in 
the form of polysilicon and the like, after which a patterning 
regime may be used in order to obtain the gate electrode 
structure 151 having a gate length, i.e., in FIG. 1a, the hori 
Zontal extension of the gate electrode material 151A, in accor 
dance with the design rules. For example, for Sophisticated 
integrated circuits, a gate length of 50 nm and significantly 
less is used. Next, the spacer structures 152L, 152R may be 
formed in a common manufacturing process, for instance by 
depositing a spacer layer using well-established deposition 
techniques, such as thermally activated chemical vapor depo 
sition (CVD). The deposition may further include the depo 
sition of etch stop liner, if required. Such as a silicon dioxide 
material and the like, followed by an anisotropic etch process 
to preferably remove material from horizontal device por 
tions, thereby maintaining the spacer structures 152L, 152R 
having Substantially the same width, as explained above. 
Thus, the spacer width may be substantially determined by 
the initial layer thickness and the parameters of the corre 
sponding etch process, which may be designed so as to obtain 
a desired offset to the gate electrode 151A, as is required for 
the transistor 150R. That is, the spacer structure 152R may be 
appropriately dimensioned in order to provide the ion block 
ing effect during a Subsequent implantation sequence for 
forming drain and Source extension regions, possibly in com 
bination with any halo implantations, in order to obtain a 
desired regular threshold voltage for the transistor 150R. 
Next, the etch mask 105 may be formed, for instance in the 
form of a resist material, by employing well-established 
lithography techniques, thereby covering the transistor 150R 
while exposing the transistor 150L. Next, the etch ambient 
106 may be established, for instance on the basis of similar 
process parameters as have previously been used during the 
etching of a spacer layer in order to provide the spacer struc 
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tures 152L, 152R. Hence, during the etch process 106, further 
material of the spacer structure 152L may be removed, 
thereby reducing the spacer structure 152L in height and in 
width. In other illustrative embodiments, the etch ambient 
106 may be provided in the form of an isotropic etch ambient, 
for instance using plasma assisted techniques or wet chemical 
etch recipes, such as hot phosphoric acid and the like, thereby 
tuning the width of the spacer structure 152L, while never 
theless maintaining a certain height in order to provide the 
required ion blocking effect during a Subsequent implantation 
process. 

0027 FIG. 1b schematically illustrates a cross-sectional 
view of the semiconductor device 100 after the etch process 
106. Consequently, the spacer structure 152L may have a 
reduced width 152W, which may be appropriately selected 
Such that, during the Subsequent implantation processes, a 
desired degree of overlapping with the gate electrode 151A 
may be obtained for a given set of parameters for the subse 
quent processes, such as implantation processes, anneal pro 
cesses and the like. It should be appreciated that the spacer 
structures 152L, 152R may represent specifically designed 
spacer elements, which may provide the desired offset of an 
extension region, wherein, in a later manufacturing stage, 
additional spacer elements may be added in order to obtain a 
complex lateral profiling of the drain and source regions. 
Also, in this case, a reduction of the spacer structure 152L in 
width may provide for a corresponding “shift” of the entire 
drain and source dopant profile in the transistor 150L towards 
the gate electrode 151A so that the desired drain and source 
internal dopant concentration profile may be maintained. 
0028 FIG. 1c schematically illustrates the semiconductor 
device 100 after removal of the etch mask 105, which may be 
accomplished by well-established resist removal processes, 
Such as wet chemical recipes, plasma assisted processes and 
the like. It should be appreciated that, in some illustrative 
embodiments, when the previous implantation processes for, 
for instance, defining the well doping may be performed for 
transistors 150L, 150R as a common process, the overall 
cycle time of the device 100 may not be increased compared 
to conventional strategies, since in this case a respective 
implantation mask required for the selective well doping of 
the transistors of different threshold voltage in conventional 
devices may be omitted. Next, an implantation sequence may 
be performed in order to introduce a dopant species of a 
specific conductivity type into the transistors 150L, 150R 
wherein the reduced width 152W provides a reduced offset to 
the gate electrode material 151A, as previously explained. 
0029 FIG. 1d schematically illustrates the semiconductor 
device 100 in a further advanced manufacturing stage. As 
illustrated, the transistors 150L, 150R may comprise drain 
and Source regions 153 including respective extension 
regions 153L, 153R, respectively. Furthermore, as illustrated 
in dashed lines, the spacer structures 152L, 152R may com 
prise one or more additional spacer elements 152A if a pro 
nounced lateral dopant profile may be required in the drain 
and source regions 153. 
0030. The semiconductor device 100 as shown in FIG. 1d 
may be formed on the basis of the following processes. Using 
the spacer structures 152L, 152R, a respective dopant species, 
such as an N-type dopant for N-channel transistors or a P-type 
dopant for P-channel transistors, may be introduced in a first 
implantation process while, prior to or after the implantation 
process, a halo implantation may be performed, if required. 
That is, a dopant species of opposite conductivity type com 
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pared to the dopant species forming the drain and source 
regions 153 may be introduced in order to adjust a degree of 
counter doping within the extension regions 153L, 153R and 
thereby adjusting a dopant gradient at the corresponding PN 
junction. Also, in this case, in some illustrative embodiments, 
Substantially the same process conditions may be used during 
a halo implantation since the corresponding penetration depth 
of the dopant species may also be scaled proportionally to the 
extension regions 153L, 153R on the basis of the differently 
dimensioned spacer structures 152L, 152R. Consequently, in 
Some illustrative embodiments, also a halo implantation pro 
cess, if required, may be performed commonly for the tran 
sistors 150L, 150R. After forming the extension regions 
153L, 153R, in some cases, an anneal process may be per 
formed in order to activate dopants and initiate a certain 
degree of dopant diffusion, if required, to adjust the desired 
overlap of the regions 153L, 153R with the gate electrode 
material 151A. In other illustrative embodiments, an anneal 
process may be performed at a later stage if further implan 
tation processes may be performed in order to obtain the drain 
and source regions 153. For example, as indicated by the 
spacer elements 152A, one or more additional spacer ele 
ments may be provided to increase the lateral size of an 
implantation mask formed by the gate electrode structures 
151 and the spacer structures 152L, 152R, which may com 
prise the additional element 152A. After a respective forma 
tion of an additional spacer element, such as the element 
152A, which may be accomplished on the basis of substan 
tially the same techniques as previously described with ref 
erence to the spacer structures 152L, 152R, as illustrated in 
FIG. 1a, a further implantation process may be performed. 
When the final implantation process is completed, a corre 
sponding anneal process may be performed, possibly on the 
basis of Sophisticated anneal techniques, such as flashlight 
based processes, laser-based anneal techniques and the like, 
in which process parameters may be used in order to provide 
a certain degree of dopant diffusion, wherein the reduced 
offset provided by the reduced width 152W may result in an 
increased overlap 154A in the transistor 150L compared to 
the transistor 150R, thereby providing an increased Miller 
capacitance 154. Consequently, the resulting threshold Volt 
age for the transistors 150L, 150R may be different, where a 
reduced threshold voltage may be realized in the transistor 
150L due to the increased coupling of the gate electrode 
material 151A into a channel region 155 of the transistor 
1SOL. 

0031. With reference to FIGS. 1e-1?, further illustrative 
embodiments will now be described in which the reduced 
width 152W may be accomplished by modifying the etch rate 
of a spacer layer prior to performing a common etch process. 
0032 FIG. 1e schematically illustrates the device 100 in a 
manufacturing stage in which a spacer layer 152, possibly in 
combination with an etch stop liner (not shown), is formed 
above the transistors 150L, 150R. Moreover, a mask 105A 
may be provided so as to cover a portion of the spacer layer 
152 formed above the transistor 150R, while exposing the 
portion of the spacer layer 152 formed above the transistor 
150L. The spacer layer 152, possibly in combination with an 
etch stop liner, may be formed on the basis of process tech 
niques as previously described, followed by a lithography 
process for providing the mask 105A, for instance in the form 
of a resist material. Next, an ion bombardment 107 may be 
performed in order to modify the structure of the exposed 
portion of the spacer layer 152, thereby providing increased 
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diffusion paths, which may thus modify the overall etch 
behavior of the exposed portion of the layer 152. For example, 
during the ion bombardment 107, for instance performed on 
the basis of an ion implantation process, an appropriate spe 
cies, such as Xenon, germanium, silicon and the like, may be 
introduced into the exposed portion of the layer 152, wherein 
a corresponding modifying effect during the bombardment 
107 may readily be determined on the basis of simulation, 
experiments and the like. That is, for a given species, such as 
Xenon, the penetration depth for specified implantation 
parameters may be calculated and/or determined by experi 
ment, wherein also a corresponding change in etch rate may 
be determined in advance, for instance by running respective 
test measurements. Consequently, for a given initial layer 
thickness and a specific degree of etch rate modification, a 
difference in the final spacer width may be achieved in a 
well-controllable manner. Consequently, after removing the 
mask 105A, an etch process may be performed commonly for 
the transistors 150L, 150R by using determined etch param 
eters that may be selected such that a desired width of the 
resulting spacer structure may be achieved for the transistor 
150R, while the preceding modification by the process 107 
may result in a controllable reduction of the spacer width for 
the transistor 150L. 

0033 FIG.1f schematically illustrates the device 100 after 
the above-described process sequence in which the spacer 
structure 152L may be provided with the reduced width 
152W. Thereafter, the further processing may be continued as 
is also described with reference to FIG. 1d. 

0034. With reference to FIGS. 1g-1h, further illustrative 
embodiments will now be described in which additionally to 
or alternatively to a modification of the etch rate of the spacer 
layer 152 as described with reference to FIGS. 1e-1f a reduc 
tion in layer thickness may be selectively employed in order 
to obtain a desired reduced width of the resulting spacer 
structure in the transistor 150L. 

0035 FIG. 1g schematically illustrates the device 100 
with the spacer layer 152 and an etch mask 105A covering the 
transistor 150R while exposing the transistor 150L, i.e., the 
portion of the spacer layer 152 formed thereabove. Moreover, 
the device 100 is exposed to an etch ambient 108 which may 
be accomplished on the basis of a plasma assisted etch pro 
cess, a wet chemical etch process and the like. For example, 
the etch ambient 108 may be established on the basis of 
Substantially the same process conditions as may typically be 
used for forming spacer elements, thereby providing a certain 
etch-lag of the transistor 150R during a subsequent etch step 
after removal of the etch mask 105A. In other illustrative 
embodiments, the etch process 108 may be performed on the 
basis of a different etch recipe, for instance an isotropic etch 
process and the like, wherein also a specific selectivity with 
respect to other materials, such as an etch stop liner (not 
shown), which may be provided in combination with the 
spacer layer 152, may not be required, as long as a certain 
amount of material of the spacer layer 152 may be maintained 
above the transistor 150L. Thereafter, the mask 105A may be 
removed which, in some illustrative embodiments, may be 
accomplished in the same etch chamber in which the etch 
process 108 may be performed, thereby providing an efficient 
overall process flow. 
0036 FIG. 1h schematically illustrates the device 100 
after the etch process 108 and the removal of the mask 105A. 
As illustrated, a thickness 152T of the spacer layer 152 above 
the transistor 150L is reduced, wherein the amount of thick 
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ness reduction may be adjusted on the basis of the etch time in 
the process 108 for a given set of etch parameters. 
0037 FIG. 1 ischematically illustrates the semiconductor 
device 100 when exposed to an etch ambient 109, which may 
be established on the basis of appropriately selected param 
eters as are well established in the art for spacer etch pro 
cesses. For example, the etch process 109 may be performed 
based on Substantially the same process parameters as the 
process 108, thereby providing a highly efficient manufactur 
ing flow, wherein, in Some cases, the same process chamber 
may be used, thereby avoiding any additional transportactivi 
ties. During the etch process 109, the reduced thickness 152T 
of the spacer layer 152 may result in a reduced width of the 
resulting spacer structure, as previously described. Conse 
quently, after the etch process 109, the further processing may 
be continued, as described above, wherein the reduced width 
of the resulting spacer structure may provide the increased 
Miller capacitance in the transistor 150L. 
0038. With reference to FIGS. 1j-1l, further illustrative 
embodiments will now be described in which a plurality of 
different threshold voltages may be established on the basis of 
correspondingly adapted spacer structures. 
0039 FIG. 1j schematically illustrates the device 100 
comprising the transistors 150L, 150R and also comprising a 
transistor 150H, which may require a threshold voltage that is 
higher than the threshold voltage of the transistor 150R. In the 
manufacturing stage shown, a mask 105L may be provided to 
cover the transistors 150H, 150R, while exposing the transis 
tor 150L. Moreover, the semiconductor device 100 is exposed 
to an etch ambient 106C designed to selectively remove mate 
rial from the spacer structure 152L, wherein the mask 105L 
may prevent material removal of the spacer structure 152R of 
the transistor 150R and of a spacer structure 152H of the 
transistor 150H. With respect to any specifics of the etch 
process 106C, the same criteria apply as previously explained 
with reference to the etch process 106 (FIG. 1a). 
0040 FIG. 1 k schematically illustrates the semiconductor 
device 100 in an advanced manufacturing stage in which a 
further etch mask 105D may be provided to cover the tran 
sistor 150H while exposing the transistors 150R, 150L to an 
etch ambient 106.D. During the etch process 106D, the spacer 
structure 152L may be further reduced in thickness and also in 
height. Similarly, the spacer structure 152R may be reduced 
in thickness and height, thereby adjusting the desired spacer 
width for the transistors 150R, 150L. On the other hand, the 
transistor 150H may still have the initial spacer width which 
may be selected such that a desired high threshold voltage 
may be achieved for the transistor 150H during the further 
processing of the device 100. 
0041 FIG. 11 schematically illustrates the semiconductor 
device 100 in an advanced manufacturing stage. As shown, 
drain and source regions 153 may be formed, each of which 
may have corresponding extension regions. That is, the tran 
sistor 150L has the extension regions 153L with increased 
overlap with the gate electrode material 151A. Similarly, the 
transistor 150R may have the extension region 153Rhaving a 
less pronounced overlap, while the transistor 150H, requiring 
the highest threshold Voltage, may have a very Small overlap, 
if at all, between its extension region 153H and the gate 
electrode material 151A. Furthermore, the spacer structures 
152L, 152R, 152H may, if required, comprise additional 
spacer elements, such as the spacer element 152A (FIG. 1d) in 
order to provide a Sophisticated lateral concentration profile 
in the drain and source regions 153, as previously explained. 



US 2009/0321850 A1 

Consequently, a plurality of different transistor “flavors” may 
be obtained on the basis of an appropriately designed spacer 
width. It should be appreciated that the above masking regime 
may also be applied to the techniques including a selective 
modification of the etch rate and/or a selective etch step, such 
as the etch process 108 (FIG. 1g). 
0042. With reference to FIGS. 2a-2b, further illustrative 
embodiments will now be described in which an increase of 
the Miller capacitance may be accomplished by using an 
implantation process with a tilt angle during incorporation of 
the extension dopants. 
0043 FIG. 2a schematically illustrates a semiconductor 
device 200, which may basically have the same configuration 
as the semiconductor device 100 as shown in FIG.1a. Hence, 
respective components may be denoted with the same refer 
ence numerals except for the first digit, which may be a '2' 
instead of a “1”, and a detailed description of the correspond 
ing components may be omitted. Thus, the device 200 may 
comprise a substrate 201 and a semiconductor layer 203 
including isolation structures 202 to define active regions for 
transistors 250L, 250R, which may be of the same conduc 
tivity type and may receive different threshold voltages, as 
explained above. The transistors 250L, 250R may comprise a 
gate electrode structure 251 in combination with a spacer 
structure 252. Furthermore, the transistor 250R may be cov 
ered by a mask 205, such as a resist mask, while the transistor 
250L may be exposed. 
0044. The semiconductor device 200 as shown in FIG. 2a 
may be formed on the basis of the same process techniques as 
previously described with reference to FIG. 1a. Furthermore, 
in this manufacturing stage, the device 200 may be subjected 
to an implantation process 210, which may be performed by 
using a tilt angle in order to increase the lateral penetration 
depth of the corresponding dopant species. It should be appre 
ciated that a tilted implantation is to be understood as an 
implantation process in which the incoming ion beam arrives 
at an angle with respect to the Surface normal 211 that is 
non-Zero, as indicated by the angle C. As illustrated, if a 
symmetric configuration of the overlaps between the drain 
and source extensions is desired, the implantation process 
210 may also comprise a tilted implantation step with an 
angle-C. In other cases, an asymmetric extension design may 
be used, depending on the overall device requirements. In one 
illustrative embodiment the implantation process 210 includ 
ing the tilt angle C. may be performed prior to forming exten 
sion regions in the transistor 250R, while, in other cases, the 
process 210 may be performed after providing a desired 
extension dopant concentration in the transistor 250R, and 
possibly in the transistor 250L. In the latter case, the transistor 
250L may, in addition to an increased lateral penetration 
depth and thus overlap, also receive an increased dopant 
concentration, which may also contribute to enhanced tran 
sistor performance, for instance in view of reduced series 
resistance, increased dopant diffusion and thus Miller capaci 
tance. In some illustrative embodiments, the mask 205 may 
be removed and a further implantation process may be per 
formed to define extension regions in the transistor 250R 
wherein, depending on the overall process strategy, the tran 
sistor 250L may remain non-covered, thereby further increas 
ing the previously provided dopant concentration, while in 
other cases the transistor 250L may be covered by a corre 
sponding implantation mask. 
0045 FIG.2b schematically illustrates the semiconductor 
device 200 in an advanced manufacturing stage. That is, after 
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the tilted implantation process 210, in combination with a 
further implantation process using a tilt angle of Zero or using 
at least a tilt angle that is less than the tilt angle C. in the 
process 210, additional implantation processes may be per 
formed, if required, by, for instance, using additional spacer 
elements, as previously explained, in order to obtain the 
desired overall dopant profile. Thereafter, appropriate anneal 
processes may be performed, as previously explained, 
thereby adjusting the final dopant profile and also reducing 
implantation-induced lattice damage. Hence, corresponding 
drain and source regions 253 are formed in the semiconductor 
layer 203, wherein an extension region 253L of the transistor 
250L may provide an increased Miller capacitance 254 com 
pared to extension regions 253R of the transistor 250R. Thus, 
also in this case, a reduced threshold Voltage may be achieved 
for the transistor 250L on the basis of the tilted implantation 
process 210. 
0046. It should be appreciated that in other illustrative 
embodiments a plurality of different threshold voltages may 
be obtained by using an appropriate masking regime, as is, for 
instance, explained with reference to device 100 and FIGS. 
1j-1l, wherein, for a plurality of different transistors, at least 
different tilt angles, possibly in combination with different 
total concentrations of the extension regions, may be used in 
appropriately adjusting the corresponding threshold Voltages. 
Moreover, in other illustrative embodiments, the implanta 
tion process 210 may be combined with process techniques as 
previously described in which the transistor requiring the 
lowest threshold voltage may additionally be provided with a 
reduced spacer width, thereby even further enhancing the 
efficiency of the tilted implantation process 210. In this case, 
a moderately less pronounced difference, for instance in 
spacer width and/or tilt angle and/or dopant concentration, in 
corresponding transistors may, in combination, result in a 
moderately high difference of the respective threshold volt 
ages, thereby providing an efficient overall mechanism for 
adjusting different threshold Voltages, while not unduly con 
tributing to the overall process complexity. That is, respective 
implantation masks may also be used as etch masks, thereby 
avoiding undue lithography steps. For example, starting from 
the semiconductor device 200 as shown in FIG. 2a, the tilted 
implantation process 210 may be performed and thereafter 
the mask 205 may be used as an etch mask for reducing the 
width of the spacer structure 252 of the transistor 250L, prior 
to performing a common implantation process after removal 
of the mask 205 in order to form the extension regions 253R 
of the transistor 250R, while also increasing the dopant con 
centration in the transistor 250L. 

0047. As a result, the present disclosure provides manu 
facturing techniques and semiconductor devices in which an 
efficient adjustment of threshold Voltages may be accom 
plished by appropriately adapting a spacer width and/or a tilt 
angle of an implantation process in order to provide different 
overlaps and thus Miller capacitance values of transistors of 
the same conductivity type. Hence, compared to conventional 
strategies, a moderately low threshold Voltage may be 
achieved by increasing the Miller capacitance, which may 
result in Superior transistor performance compared to conven 
tional low threshold transistors, since the universal curve of 
low threshold voltage transistors obtained on the basis of an 
increased Miller capacitance may indicate a reduced Static 
leakage current for a given desired saturation current. 
0048. The particular embodiments disclosed above are 
illustrative only, as the invention may be modified and prac 
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ticed in different but equivalent manners apparent to those 
skilled in the art having the benefit of the teachings herein. For 
example, the process steps set forth above may be performed 
in a different order. Furthermore, no limitations are intended 
to the details of construction or design herein shown, other 
than as described in the claims below. It is therefore evident 
that the particular embodiments disclosed above may be 
altered or modified and all such variations are considered 
within the scope and spirit of the invention. Accordingly, the 
protection sought herein is as set forth in the claims below. 

What is claimed: 
1. A method, comprising: 
forming a spacer layer above a first structure formed above 

a first active region of a semiconductor device and a 
second structure formed above a second active region, 
said first and second structures representing at least one 
of a gate electrode and a gate place holder structure of a 
first transistor and a second transistor, respectively, said 
first transistor receiving a first threshold Voltage and said 
second transistor receiving a second threshold Voltage 
that is higher than said first threshold voltage; 

forming a first spacer element on sidewalls of said first 
structure and a second spacer element on sidewalls of 
said second structure, said first spacer element having a 
first width that is less than a second width of said second 
spacer element; and 

performing an implantation sequence on the basis of said 
first and second structures and said first and second 
spacer elements to form drain and Source regions in said 
first and second active regions. 

2. The method of claim 1, whereinforming said first and 
second spacer elements comprises performing a first etch 
process to form said first and second spacer elements to have 
Substantially the second width, and performing a second etch 
process to selectively remove material of said first spacer 
element to obtain said first width. 

3. The method of claim 2, wherein said second etch process 
is performed by using a plasma ambient. 

4. The method of claim 2, wherein said second etch process 
is performed by using a wet chemical etch ambient. 

5. The method of claim 1, whereinforming said first and 
second spacer elements comprises performing an ion bom 
bardment selectively on a portion of said spacer layer located 
above said first active region and performing an etch process 
to form said first and second spacer elements. 

6. The method of claim 5, wherein performing said ion 
bombardment comprises performing anion implantation pro 
cess using a Xenon species. 

7. The method of claim 1, whereinforming said first and 
second spacer elements comprises performing a first etch 
process to selectively reduce a thickness of said spacer layer 
above said first active region and performing a second etch 
process for forming said first and second spacer elements. 

8. The method of claim 1, further comprising forming said 
spacer layer above a third active region having formed 
thereon a third structure representing one of a gate electrode 
and a gate place holderstructure of a third transistor, wherein 
said third transistor receives a third threshold voltage that is 
higher than said first and second threshold Voltages. 

9. The method of claim 8, further comprising forming a 
third spacer element on sidewalls of said third structure, 
wherein said third spacer element has a third width that is 
greater than said second width. 
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10. A method, comprising: 
selectively introducing a first dopant species into a first 

active region by performing a first implantation process 
while masking a second active region, said first active 
region having formed thereon one of a first gate elec 
trode structure and a first gate place holder structure of a 
first transistor, said second active region having formed 
thereon one of a second gate electrode structure and a 
second gate place holder structure of a second transistor, 
said first and second transistors representing the same 
conductivity type; and 

introducing a second dopant species at least into said sec 
ond active region by a second implantation process, said 
first and second dopant species creating the same con 
ductivity, said first and second implantation processes 
differing at least in a tilt angle. 

11. The method of claim 10, wherein said first transistor 
has a first threshold Voltage and said second transistor has a 
second threshold voltage that is higher than said first thresh 
old Voltage and wherein said first implantation process is 
performed under a tilt angle that is greater than a tilt angle of 
said second implantation process. 

12. The method of claim 11, wherein said second implan 
tation process is performed commonly for said first and sec 
ond active regions. 

13. The method of claim 10, wherein said first implantation 
process is performed prior to said second implantation pro 
CCSS, 

14. The method of claim 10, wherein said first implantation 
process is performed after said second implantation process. 

15. The method of claim 11, further comprising selectively 
reducing a width of said one of a first gate electrode structure 
and a first place holder structure. 

16. The method of claim 15, further comprising forming a 
mask covering said second active region and exposing said 
first active region, wherein said first implantation process and 
an etch process for reducing a width of said one of a first gate 
electrode structure and a first place holder structure are per 
formed by using said mask. 

17. The method of claim 16, wherein reducing a width of 
said one of a first gate electrode structure and a first place 
holder structure is performed after performing said first 
implantation process. 

18. The method of claim 10, further comprising perform 
ing a third implantation process to introduce a third dopant 
species creating the same conductivity type in a third active 
region, wherein said third implantation process is performed 
by using a tilt angle that differs from a tilt angle used in said 
first and second implantation processes. 

19. A semiconductor device, comprising: 
a first transistor of a first conductivity type having a first 

threshold Voltage and comprising a first gate electrode 
structure comprising a first sidewall spacer structure 
having a first width; and 

a second transistor of said first conductivity type having a 
second threshold Voltage that is higher than said first 
threshold Voltage, said second transistor comprising a 
second gate electrode structure comprising a second 
sidewall spacer structure having a second width that is 
greater than said first width. 
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20. The semiconductor of claim 19, further comprising a gate electrode structure comprising a third sidewall spacer 
third transistor of said first conductivity type and having a having a width that is greater than said second width. 
third threshold voltage that is higher than said second thresh 
old Voltage, wherein said third transistor comprises a third ck 


