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(57) ABSTRACT 

A semiconductor structure includes a split gate nonvolatile 
memory cell and a high Voltage transistor. The nonvolatile 
memory cell includes an active region, a nonvolatile memory 
stack provided above the active region, a control gate elec 
trode provided above the memory stack, a select gate elec 
trode at least partially provided above the active region adja 
cent to the memory stack and a select gate insulation layer. 
The high Voltage transistor includes an active region, a gate 
electrode and a gate insulation layer provided between the 
active region and the gate electrode. The select gate insulation 
layer of the nonvolatile memory device and the gate insula 
tion layer of the high Voltage transistor are at least partially 
formed of a same high-k dielectric material. The select gate 
electrode of the nonvolatile memory device and the gate elec 
trode of the high Voltage transistor are at least partially 
formed of a same metal. 
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SEMCONDUCTOR STRUCTURE 
INCLUDING ASPLT GATE NONVOLATLE 
MEMORY CELL AND A HIGHVOLTAGE 
TRANSISTOR, AND METHOD FOR THE 

FORMATION THEREOF 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 Generally, the present disclosure relates to the field 
of integrated circuits, and, more particularly, to integrated 
circuits including nonvolatile memory devices. 
0003 2. Description of the Related Art 
0004 Nonvolatile memory, such as, for example, flash 
memory, may be used in various storage devices. Such as, for 
example, secure digital memory cards (SD cards), USB 
sticks, solid state drives (SSDs), and internal memory of 
various electronic devices. Such as, for example, mobile 
phones, tablet computers, media players, etc. Further appli 
cations of nonvolatile memory include embedded systems, 
Such as microcontrollers, wherein a nonvolatile memory 
device may be integrated on a same semiconductor structure 
as other circuitry of a microcontroller, such as, for example, 
volatile memory, a CPU and/or input/output devices. 
0005 Types of nonvolatile memory devices include split 
gate nonvolatile memory devices, which may provide advan 
tages in reliability and performance over other types of non 
Volatile memory, such as, for example, control gate nonvola 
tile memory. 
0006 Split gate nonvolatile memory devices are 
described, for example, in U.S. Patent Publication No. 2012/ 
0241839 and U.S. Pat. Nos. 7,923,769, 7,732.278,8,173,505 
and 8,263,463. 
0007 Split gate nonvolatile memory devices may include 
a plurality of split gate nonvolatile memory cells, which are 
typically arranged in an array and are electrically connected 
to electrically conductive lines extending along columns and 
rows of the array. The electrically conductive lines may be 
used for programming, erasing and/or reading the split gate 
nonvolatile memory cells. Each split gate nonvolatile 
memory cell may include an active region formed in a semi 
conductor material. Such as, for example, silicon. The active 
region may include a source region, a drain region and a 
channel region that is arranged between the Source region and 
the drain region. The channel region may be doped inversely 
to the doping of the source region and the drain region. For 
example, the source and drain regions may be N-doped, and 
the channel region may be provided in a P-well that is pro 
vided in the semiconductor material, and may have a P-type 
doping corresponding to the doping of the P-well. 
0008. Above the channel region, a control gate electrode 
and a select gate electrode may be provided adjacent each 
other. Between the control gate electrode and the channel 
region, a nonvolatile memory stack may be provided, and a 
select gate insulation layer may be provided between the 
select gate electrode and the channel region. The select gate 
electrode may be arranged at the drain side of the channel 
region, and the control gate electrode may be arranged at the 
Source side of the channel region. The nonvolatile memory 
stack may include a charge storage layer that may include 
silicon or silicon nitride and is separated from the controlgate 
electrode and the channel region by isolation layers formed of 
an electrically insulating material. Such as silicon dioxide. 
0009. Due to the electrical isolation of the charge storage 
layer that is provided by the isolation layers, electrical charge 
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may be stored for a relatively long time in the charge storage 
layer, wherein the amount of charge in the charge storage 
layer may represent data stored in the split gate nonvolatile 
memory cell. 
0010. The select gate electrode and the control gate elec 
trode may be electrically insulated from each other, wherein 
the electrical insulation between the select gate electrode and 
the control gate electrode may be provided by a portion of the 
nonvolatile memory stack, as described, for example, in U.S. 
Patent Publication No. 2012/0241839 and U.S. Pat. Nos. 
7.923,769, 8,173,505 and 8.263,463, or by a sidewall spacer 
as described in U.S. Pat. No. 7,732,278. 
0011 For reading data from the split gate nonvolatile 
memory cell, the Source region may be grounded, and rela 
tively small positive Voltages of for example, about 1 V may 
be applied to the select gate electrode, the control gate elec 
trode and the drain. The channel region between the source 
region and the drain region may be influenced by the electri 
cal charges stored at the charge storage layer, so that a current 
that is representative of the data stored in the split gate non 
volatile memory cell flows between the drain region and 
Source region of the split gate nonvolatile memory cell. 
0012 For programming split gate nonvolatile memory 
cells, a source side injection of charge carriers into the charge 
storage layer may be performed. For this purpose, the drain 
region of the split gate nonvolatile memory cell may be 
grounded, a relatively high positive Voltage of for example, 
about 4V may be applied to the source region, and an even 
higher positive Voltage, for example a Voltage in a range from 
about 6-9 V. may be applied to the control gate electrode. A 
Voltage slightly greater than the threshold Voltage of the chan 
nel region of the split gate nonvolatile memory cell may be 
applied to the select gate electrode. 
0013 The split gate nonvolatile memory cell may be 
erased by Fowler-Nordheim tunneling. For this purpose, a 
negative bias may be applied between the control gate elec 
trode and the source and drain regions. For example, a rela 
tively high negative Voltage of for example, about -6 V may 
be applied to the control gate electrode, and a relatively high 
positive voltage of for example, about 6V may be applied to 
each of the Source region and the drain region. A relatively 
high positive voltage of, for example, about 5 V may be 
applied to the select gate electrode. 
0014 Known split gate nonvolatile memory devices may 
have issues associated therewith. For example, in some split 
gate nonvolatile memory devices, the control gate electrode 
and the select gate electrode may be provided by polysilicon 
layers that partially overlap with each other. In this case, any 
misalignment of these layers may result in decreased perfor 
mance and yield. Select gate insulation layers formed of 
silicon dioxide and select gate electrodes formed of polysili 
con may provide limited possibilities for reducing the size of 
the split gate nonvolatile memory cells. Using portions of the 
nonvolatile memory stack for separating the select gate elec 
trode and the control gate electrode may reduce the possibili 
ties for reducing the size of the split gate nonvolatile memory 
cells. Moreover, split gate nonvolatile memory cell designs 
may have issues related to the integration of split gate non 
volatile memory cells with logic transistors that are provided 
in the same semiconductor structure. 

0015. In view of the situation described above, the present 
disclosure relates to a semiconductor structure and a method 
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for the formation thereof, wherein some or all of the above 
mentioned issues are overcome Substantially completely or at 
least partially. 

SUMMARY OF THE INVENTION 

0016. 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. 

0017. An illustrated semiconductor structure disclosed 
herein includes a split gate nonvolatile memory cell and a 
high Voltage transistor. The splitgate nonvolatile memory cell 
includes an active region, a nonvolatile memory stack pro 
vided above the active region, a control gate electrode pro 
vided above the nonvolatile memory stack, a select gate elec 
trode at least partially provided above the active region 
adjacent to the nonvolatile memory stack, and a select gate 
insulation layer. The high Voltage transistor includes an active 
region, a gate electrode and a gate insulation layer provided 
between the active region and the gate electrode. The select 
gate insulation layer of the split gate nonvolatile memory cell 
and the gate insulation layer of the high Voltage transistor are 
at least partially formed of a same high-k dielectric material. 
The select gate electrode of the split gate nonvolatile memory 
cell and the gate electrode of the high Voltage transistor are at 
least partially formed of a same metal. 
0.018. Another illustrated semiconductor structure dis 
closed herein includes a split gate nonvolatile memory cell 
and a high Voltage transistor. The split gate nonvolatile 
memory cell includes an active region, a nonvolatile memory 
stack provided above the active region, a control gate elec 
trode provided above the nonvolatile memory stack, a select 
gate electrode at least partially provided above the active 
region adjacent to the nonvolatile memory stack, and a select 
gate insulation layer. The high Voltage transistor includes an 
active region, a gate electrode and a gate insulation layer 
provided between the active region and the gate electrode. 
The select gate insulation layer of the split gate nonvolatile 
memory cell and the gate insulation layer of the high Voltage 
transistor are at least partially formed of a same high-k dielec 
tric material. The select gate insulation layer of the split gate 
nonvolatile memory cell and the gate insulation layer of the 
high Voltage transistor are at least partially formed of a same 
high-k dielectric material. Each of the select gate insulation 
layer of the split gate nonvolatile memory cell and the gate 
insulation layer of the high Voltage transistor includes a first 
gate insulation layer arrangement comprising one or more 
sub-layers. For each of the sub-layers of the first gate insula 
tion layer arrangement of the select gate insulation layer, 
there is a corresponding Sub-layer formed of a same material 
in the gate insulation layer of the high Voltage transistor. The 
gate insulation layer of the high Voltage transistor further 
includes a layer of a dielectric material arranged between the 
first gate insulation layer arrangement and the active region of 
the high voltage transistor. The select gate electrode of the 
split gate nonvolatile memory cell and the gate electrode of 
the high Voltage transistor are at least partially formed of a 
same metal. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0019. 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: 
0020 FIGS. 1a-6a show schematic cross-sectional views 
of a first portion of a semiconductor structure according to an 
embodiment in stages of a method of manufacturing a semi 
conductor structure according to an embodiment; 
0021 FIGS. 1b-6b show schematic cross-sectional views 
of a second portion of the semiconductor structure illustrated 
in FIGS. 1a-6a in the stages of the method of manufacturing 
the semiconductor structure illustrated in FIGS. 1a-6a, 
0022 FIGS. 7a and 8a show schematic cross-sectional 
views of a first portion of a semiconductor structure according 
to an embodiment in stages of a method of manufacturing a 
semiconductor structure according to an embodiment; and 
0023 FIGS. 7b and 8b show schematic cross-sectional 
views of a second portion of the semiconductor structure 
illustrated in FIGS. 7a and 8a in the stages of the method of 
manufacturing the semiconductor structure illustrated in 
FIGS. 7a and 8a. 
0024. 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 

0025 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. 

0026. The present disclosure will now be described with 
reference to the attached figures. Various structures, systems 
and devices are schematically depicted in the drawings for 
purposes of explanation only and so as to not obscure the 
present disclosure with details which 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 consistent 
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 or 
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 
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understood by skilled artisans, such a special definition shall 
be expressively set forth in the specification in a definitional 
manner that directly and unequivocally provides the special 
definition for the term or phrase. 
0027. The present disclosure provides embodiments that 
can allow an integration of the manufacturing of split gate 
nonvolatile memory devices into process flows for manufac 
turing logic transistors that include high-k gate insulation 
layers and metal gate electrodes with a relatively small or 
Substantially no impact on characteristics of the logic transis 
tors. In particular, the control gate electrode and the nonvola 
tile memory stack of nonvolatile memory cells may be 
formed prior to the formation of logic transistors, so that 
processes employed for the formation of the control gate 
electrode and the nonvolatile memory stack Substantially do 
not affect components of the logic transistors. 
0028 Embodiments may provide split gate nonvolatile 
memory cells having a select gate insulation layer including a 
high-k dielectric material and a select gate electrode includ 
ing a metal. The select gate insulation layer and/or the select 
gate electrode may be formed at least partially by the same 
process steps as gate insulation layers and gate electrodes of 
logic transistors, which may also help to reduce the complex 
ity and the costs of the manufacturing process. 
0029. In some embodiments, a dielectric material between 
the control gate electrode and the select gate electrode of the 
split gate nonvolatile memory cells may be formed by the 
same process steps as gate insulation layers of logic transis 
tors, and may be scaled and modified in the same way as gate 
insulation layers of logic transistors. Thus, a way to scale and 
improve the dielectric material between the control gate elec 
trode and the select gate electrode may be provided. 
0030. In some embodiments, high voltage transistors that 
may, in particular, be used for providing relatively high Volt 
ages that are employed for programming and erasing split 
gate nonvolatile memory cells in the split gate nonvolatile 
memory device may be formed with a gate insulation layer 
including a high-k dielectric material and a metal gate elec 
trode, which may help to improve the performance and char 
acteristics of the high Voltage transistors. Common process 
steps may be employed for forming portions of the select gate 
insulation layer, and gate insulation layers of logic transistors 
as well as high Voltage transistors, and common process steps 
may be employed for forming select gate electrodes of split 
gate nonvolatile memory devices as well as gate electrodes of 
high Voltage transistors and logic transistors. 
0031. In methods of manufacturing a semiconductor 
structure according to some embodiments, a dielectric layer, 
for example a layer of silicon dioxide, from which portions of 
gate insulations layers of high Voltage transistors will be 
formed in later process steps, may be grown. Thereafter, an 
etch stop layer, which may, for example, include silicon 
nitride, may be deposited. Then, the dielectric layer and the 
etch stop layer may be removed from an area of a split gate 
nonvolatile memory device, and a bottom isolation layer, a 
charge storage layer and a top isolation layer of a nonvolatile 
memory stack may be deposited. The bottom isolation layer 
and the top isolation layer may include silicon dioxide, and 
the charge storage layer may include silicon or silicon nitride. 
In embodiments wherein the charge storage layer includes 
silicon, after the deposition of the charge storage layer, an 
annealing step may be performed to form silicon nanocrys 
tals. After the deposition of the top isolation layer, a further 
annealing process and a deposition of a polysilicon layer may 
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be performed. Thereafter, a hardmask, for example a silicon 
nitride hardmask, may be deposited. 
0032. Then, processes of photolithography and etching 
may be performed to form a control gate electrode of a split 
gate nonvolatile memory cell from the polysilicon layer, and 
to form a nonvolatile memory stack of the nonvolatile 
memory cell from the bottom isolation layer, the charge Stor 
age layer and the top isolation layer. In the etching of the 
polysilicon layer, the bottom isolation layer, the charge Stor 
age layer and/or the top isolation layer, the hardmask may be 
employed for protecting portions of the layers from which the 
nonvolatile memory stack and the controlgate electrode are to 
beformed. The etch stop layer may be used for protecting the 
dielectric layer therebelow from being affected by the etch 
process, and it may be removed, for example, by means of 
another etch process wherein a different etch chemistry is 
employed, after the formation of the nonvolatile memory 
stack and the control gate electrode. 
0033. After the formation of the dielectric layer of the high 
Voltage transistors, the nonvolatile memory stack and the 
controlgate electrode, logic transistors, that may include core 
transistors as well as input/output transistors, may be formed. 
Since the logic transistors are formed after the formation of 
the dielectric layer of the high Voltage transistors, the non 
Volatile memory stack and the control gate electrode, the 
logic transistors are not affected by the thermal budget of 
processes employed for the formation of these features. In the 
formation of the logic transistors, areas of the split gate non 
volatile memory cell and the high voltage transistors may be 
covered by a high-k metal gate stack, that may also be 
employed for the formation of portions of the gate insulation 
layers and the gate electrodes of high Voltage transistors, as 
well as for the formation of the select gate electrodes of the 
nonvolatile memory cells. 
0034. Using the same process steps, the gate etches of the 
high Voltage transistors and the logic transistors may be per 
formed. The select gate electrode may be formed from the 
high-k metal gate stack in separate steps of photolithography 
and etching, which may be helpful for addressing issues 
related to the limited depth of focus of photolithography and 
the topology of the nonvolatile memory stack and the control 
gate electrode. Thereafter, processes in accordance with pro 
cess flows for forming logic transistors and other components 
of the semiconductor structure. Such as, for example, a for 
mation of interlayer dielectrics, contact structures and elec 
trically conductive lines, may be performed. 
0035 FIGS. 1a and 1b show schematic cross-sectional 
views of different portions of a semiconductor structure 100 
in a stage of a method of manufacturing the semiconductor 
structure 100. FIGS. 1a and 1b show the portions of the 
semiconductor structure 100 at the same point of the manu 
facturing process. Schematic cross-sectional views of the 
portion of the semiconductor structure 100 shown in FIG. 1a 
in later stages of the manufacturing process are shown in 
FIGS. 2a, 3a, 4a. 5a and 6a, and Schematic cross-sectional 
views of the portion of the semiconductor structure 100 
shown in FIG. 1b in later stages of the manufacturing process 
are shown in FIGS.2b, 3b, 4b, 5b and 6b. Each of FIGS. 1a to 
6b is labeled by a number and a letter, wherein figures labeled 
by the same number show views at the same point of the 
manufacturing process, and figures labeled by the same letter 
show the same portion of the semiconductor structure 100. 
0036. The semiconductor structure 100 may include a sub 
strate 101. The substrate 101 may be a bulk semiconductor 
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substrate, for example, a silicon wafer or die. In other embodi 
ments, the Substrate 101 may be a semiconductor-on-insula 
tor(SOI) Substrate including a layer of a semiconductor mate 
rial, for example a silicon layer, that is provided above a 
Substrate base, for example a silicon wafer or die, and sepa 
rated therefrom by an electrically insulating layer, for 
example a silicon dioxide layer. The electrically insulating 
layer may provide electrical insulation between the semicon 
ductor layer and the substrate base. 
0037. As shown in FIG. 1a, the semiconductor structure 
100 may include a nonvolatile memory cell area 107, wherein 
a split gate nonvolatile memory cell will be formed, a high 
voltage N-channel transistor area 108, wherein a high voltage 
N-channel transistor will be formed, and a high voltage 
P-channel transistor area 109, wherein a high voltage P-chan 
nel transistor will be formed. 
0038. As shown in FIG. 1b, the semiconductor structure 
100 may further include a core N-channel transistor area 110 
and a core P-channel transistor area 111, wherein a core 
N-channel transistor and a core P-channel transistor, respec 
tively, of a logic circuit will be formed, and an input/output 
N-channel transistor area 112 and an input/output P-channel 
transistor area 113, wherein an input/output N-channel tran 
sistor and an input/output P-channel transistor, respectively, 
of the logic circuit will be formed. 
0039. The semiconductor structure 100 may further 
include a trench isolation structure 102 that may be used for 
providing electrical insulation between the circuit elements to 
be formed in the areas 107 to 113, and between these circuit 
elements and other circuit elements (not shown) of the semi 
conductor structure 100. The trench isolation structure 102 
may be a shallow trench isolation structure including a plu 
rality of trenches formed in the substrate 101 that are filled 
with an electrically insulating material, for example silicon 
dioxide. 
0040. The semiconductor structure 100 may further 
include a deep N-well 103 that includes the nonvolatile 
memory cell area 107, the high voltage N-channel transistor 
area 108 and the high voltage P-channel transistor area 109. 
The deep N-well 103 may be doped with an N-type dopant 
Such as, for example, arsenic. 
0041. In the nonvolatile memory cell area 107, a nonvola 

tile memory cell well 104 may be provided. In some embodi 
ments, the nonvolatile memory cell well 104 may be doped 
with a P-type dopant such as, for example, boron. In the high 
voltage N-channel transistor area 108, a high voltage P-well 
105 that is doped with a P-type dopant may be provided, and 
a high voltage N-well 106 that is doped with an N-type dopant 
may be provided in the high Voltage P-channel transistor area 
109. 
0042. At the stage of the manufacturing process illustrated 
in FIGS. 1a and 1b, the areas 110 to 113 wherein transistors 
of the logic circuit are to be formed may be substantially 
undoped, or they may be doped in accordance with the origi 
nal doping of the substrate 101. 
0043. The above-described features may be formed as fol 
lows. 
0044) The trench isolation structure 102 may beformed by 
means of techniques for forming shallow trench isolation 
structures, including processes of photolithography and etch 
ing for forming trenches in the Substrate 101, and processes of 
oxidation, deposition and/or polishing for filling the trenches 
with an electrical insulating material. Such as silicon dioxide, 
and for removing portions of the electrically insulating mate 
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rial outside the trenches. The deep N-well 103 may beformed 
by means of an ion implantation process, wherein the semi 
conductor structure 100 is irradiated with ions of an N-type 
dopant. Portions of the semiconductor structure 100 wherein 
no deep N-well is to be formed, such as, for example, the areas 
110 to 113 shown in FIG. 1b, may be covered by a mask, for 
example, a photoresist mask, that absorbs ions, so that por 
tions below the photoresist mask are protected from being 
irradiated with ions. 
0045. The nonvolatile memory cell well 104 and the high 
voltage P-well 105 may be formed by means of one or more 
ion implantation processes wherein the semiconductor struc 
ture 100 is irradiated with ions of a P-type dopant. In some 
embodiments, the nonvolatile memory cell well 104 and the 
high voltage P-well 105 may be formed in a common ion 
implantation process. In other embodiments, separate ion 
implantation processes may be employed for providing dif 
ferent dopant concentrations and/or different depths of the 
nonvolatile memory cell well 104 and the high voltage P-well 
105. The high voltage N-well 106 may beformed by means of 
anion implantation process wherein the semiconductor struc 
ture 100 is irradiated with ions of an N-type dopant. 
0046 Similar to the ion implantation process employed 
for forming the deep N-well 103, in the ion implantation 
processes performed for forming the nonvolatile memory cell 
well 104, the high voltage P-well 105 and the high voltage 
N-well 106, portions of the semiconductor structure 100 
wherein no ions are to be implanted may be covered by a 
mask, for example, a photoresist mask. 
0047. The present disclosure is not limited to embodi 
ments wherein the nonvolatile memory cell well 104, the high 
voltage P-well 105 and the high voltage N-well 106 are 
formed at the stage of the manufacturing process shown in 
FIGS. 1a and 1b. In other embodiments, the nonvolatile 
memory cell well 104, the high voltage P-well 105 and the 
high voltage N-well 106 may be formed at a later stage of the 
manufacturing process, as will be described below. 
0048 FIGS. 2a and 2b show schematic cross-sectional 
views of portions of the semiconductor structure 100 at a later 
stage of the manufacturing process. A dielectric layer 201 
may be formed over the semiconductor structure 100, 
wherein portions of the dielectric layer 201 may be provided 
directly on the semiconductor material of the transistor areas 
108 to 113. On the dielectric layer 201, an etch stop layer 202 
may be formed. The etch stop layer 202 may include a mate 
rial having different etch characteristics than the material of 
the dielectric layer 201, so that the material of the dielectric 
layer 201 may be etched selectively with respect to the mate 
rial of the etch stop layer 202, and the material of the etch stop 
layer 202 may be etched selectively with respect to the mate 
rial of the dielectric layer 201. In some embodiments, the 
dielectric layer 201 may include silicon dioxide and the etch 
stop layer 202 may include silicon nitride. 
0049. In embodiments wherein the nonvolatile memory 
cell well 104 is not formed before the formation of the dielec 
tric layer 201 and the etch stop layer 202, an ion implantation 
process for forming the nonvolatile memory cell well 104 
may be performed, for example, after the formation of the 
dielectric layer 201 and before the formation of the etch stop 
layer 202. 
0050. The dielectric layer 201 may beformed by means of 
known deposition techniques, such as chemical vapor depo 
sition and/or plasma enhanced chemical vapor deposition. In 
embodiments wherein the dielectric layer 201 includes sili 
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condioxide, and the substrate 101 includes silicon, the dielec 
tric layer 201, or portions thereof, may alternatively be 
formed by techniques of oxidation Such as, for example, a 
high temperature processing of the semiconductor structure 
100 that is performed in an oxidizing ambient. 
0051. After the formation of the etch stop layer 202, a 
mask, for example a photoresist mask, (not shown) may be 
formed over the semiconductor structure 100 using tech 
niques of photolithography. The mask may cover the transis 
tor areas 108 to 113, but not the nonvolatile memory cell area 
107, so that portions of the etch stop layer 202 formed over the 
nonvolatile memory cell area 107 are exposed at the surface 
of the semiconductor structure 100. 

0052. Then, one or more etch processes adapted for 
removing the materials of the dielectric layer 201 and the etch 
stop layer 202 may be performed for exposing the semicon 
ductor material of the nonvolatile memory cell area 107. 
Portions of the dielectric layer 201 and the etch stop layer 202 
over the transistor areas 108 to 113 may be protected by the 
mask during the one or more etch processes, so that they are 
not removed and remain in the semiconductor structure 100. 
Thereafter, the mask may be removed, for example, by means 
of a resist strip process. 
0053. Then, a nonvolatile memory stack 206 may be 
formed over the semiconductor structure 100. The nonvola 
tile memory stack 206 may include a bottom isolation layer 
203, a charge storage layer 204 that is provided on the bottom 
isolation layer 203 and a top isolation layer 205 that is pro 
vided on the charge storage layer 204. The bottom isolation 
layer 203 and the top isolation layer 205 may include an 
electrically insulating material such as, for example, silicon 
dioxide. The charge storage layer 204 may include an elec 
trically insulating material that is different from the material 
of the bottom isolation layer 203 and the top isolation layer 
205. In embodiments wherein the bottom isolation layer 203 
and the top isolation layer 205 include silicon dioxide, the 
charge storage layer 204 may include silicon nitride. How 
ever, the charge storage layer 204 need not include an elec 
trically insulating material. In other embodiments, the charge 
storage layer 204 may include silicon, wherein the silicon 
may, for example, be provided in the form of silicon nanoc 
rystals. 
0054 The bottom isolation layer 203, the charge storage 
layer 204 and the top isolation layer 205 of the nonvolatile 
memory stack 206 may be formed by means of deposition 
processes such as, for example, chemical vapor deposition, 
plasma enhanced chemical vapor deposition and/or physical 
vapor deposition. In some embodiments, the formation of the 
bottom isolation layer 203 may, additionally or alternatively 
to a deposition process, include an oxidation process. In 
embodiments wherein the charge storage layer 204 includes 
silicon, the formation of the charge storage layer 204 may 
include an annealing process in addition to a deposition pro 
cess. For example, a layer of amorphous silicon may be 
deposited on the bottom isolation layer 203, and an annealing 
process may be performed for forming nanocrystalline sili 
con from the amorphous silicon. 
0055. After the formation of the top isolation layer 205, an 
annealing process may be performed for improving a quality 
of an interface between the charge storage layer 204 and the 
top isolation layer 205, which may be particularly helpful in 
embodiments wherein the charge storage layer 204 includes 
nanocrystalline silicon. 
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0056. On the nonvolatile memory stack 206, a layer 207 of 
a control gate material may be deposited. In some embodi 
ments, the control gate material 207 may include polycrys 
talline silicon and may be formed by means of techniques of 
chemical vapor deposition and/or plasma enhanced chemical 
vapor deposition. The polycrystalline silicon of the layer 207 
may be doped for improving the electrical conductivity of the 
material. 
0057. On the layer 207 of controlgate material, a layer 208 
of a hardmask material, for example a layer of silicon nitride, 
may be deposited, for example, by means of chemical vapor 
deposition and/or plasma enhanced chemical vapor deposi 
tion. 
0.058 FIGS. 3a and 3b show schematic cross-sectional 
views of the semiconductor structure 100 in a later stage of 
the manufacturing process. After the formation of the non 
volatile memory stack 206, the layer 207 of control gate 
material and the layer 208 of hardmask material, the layer of 
hardmask material may be patterned by means of techniques 
of photolithography and etching to form a hardmask at a 
location at which a control gate electrode 301 is to be pro 
vided in the nonvolatile memory cell area 107. Then, one or 
more etch processes may be performed for removing portions 
of the layer 207 of control gate material and the nonvolatile 
memory stack 206 that are not covered by the hardmask. In 
doing so, the control gate electrode 301 is formed. A portion 
of the nonvolatile memory stack 206 between the control gate 
electrode 301 and the nonvolatile memory cell well 104 
remains in the semiconductor structure 100. Additionally, the 
hardmask 208 may remain in the semiconductor structure 100 
and may provide a cap layer 302 of the control gate electrode 
301. 
0059. In the one or more etch processes that are performed 
for forming the control gate electrode 301 and portions of the 
nonvolatile memory stack 206 other than those below the 
control gate electrode 301, the etch stop layer 202 may protect 
the dielectric layer 201 from being affected by etchants used 
for etching the control gate electrode 301 and the nonvolatile 
memory stack 206, in particular from an etchant used for 
removing the bottom isolation layer 203 of the nonvolatile 
memory stack 206, which, in Some embodiments, may be 
formed of substantially the same material (for example, sili 
con dioxide) as the dielectric layer 201. 
0060. After these etch processes, an oxidation process 
may be performed for forming a dielectric layer 303. The 
dielectric layer 303 may cover the control gate electrode 301 
and portions of the nonvolatile memory cell well 104 adjacent 
the control gate electrode 301. The dielectric layer 303 may 
be formed by means of an oxidation process wherein a high 
temperature processing of the semiconductor structure 100 is 
performed in an oxidizing ambient. In the oxidation process, 
portions of the polysilicon of the control gate electrode 301 
and the silicon semiconductor material of the nonvolatile 
memory cell well 104 may react chemically with the oxidiz 
ing ambient, wherein silicon dioxide is formed. 
0061 Then, the etch stop layer 202 may be removed, 
which may be done by means of an etch process adapted to 
selectively remove the material of the etch stop layer 202 
relative to the materials of the dielectric layer 201 and the 
dielectric layer 303. 
0062. After the removal of the etch stop layer 202, a core 
transistor P-well 304 may be formed in the core N-channel 
transistor area 110, a core transistor N-well 305 may be 
formed in the core P-channel transistor area 111, an input/ 
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output transistor P-well 306 may be formed in the input/ 
output N-channel transistor area 112, and an input/output 
transistor N-well 307 may be formed in the input/output 
P-channel transistor area 113. 

0063. The wells 304, 305, 306, 307 may be formed by 
means of a plurality of ion implantation processes. In each 
implantation process, portions of the semiconductor structure 
100 wherein no ions are to be implanted may be covered by a 
mask, for example, a photoresist mask. In particular, the 
nonvolatile memory cell area 107, the high voltage N-channel 
transistor area 108 and the high voltage P-channel transistor 
area 109 may be covered by a mask. 
0064. In some embodiments, separate ion implantation 
processes may be performed for introducing dopants into the 
core transistor P-well 304 and the input/output transistor 
P-well 306, respectively, and separate ion implantation pro 
cesses may be performed for introducing dopants into the 
core transistor N-well 305 and the input/output transistor 
N-well 307, respectively. Thus, different dopant concentra 
tions and/or different depths of the wells 304,305,306, 307 
may be provided in core transistors and input/output transis 
tors of the same type (P-channel and N-channel, respec 
tively). 
0065. In other embodiments, the core transistor P-well 
304 and the input/output transistor P-well 306 may beformed 
in a commonion implantation process, and the core transistor 
N-well 305 and the input/output transistor N-well 307 may be 
formed in a common ion implantation process. This may 
allow a reduction in the number of photolithography and ion 
implantation processes that are required in the formation of 
the semiconductor structure 100. 
0066. In embodiments wherein the high voltage P-well 
105 and the high voltage N-well 106 are not formed before the 
formation of the dielectric layer 201, as described above, the 
high voltage P-well 105 and the high voltage N-well 106 may 
also be formed after the removal of the etch stop layer 202. 
Furthermore, one or more ion implantation processes for 
adjusting the threshold Voltage of transistors in static random 
access memory (SRAM) areas (not shown) of the semicon 
ductor structure 100 may be performed at this stage of the 
manufacturing process. 
0067 FIGS. 4a and 4b show schematic cross-sectional 
views of the semiconductor structure 100 at a later stage of the 
manufacturing process. Layers 401, 402 of a stress-creating 
material may be provided in the core P-channel transistor area 
111 and the input/output P-channel transistor area 113, 
respectively. The layers 401, 402 of stress-creating material 
may be formed of a material having a greater lattice constant 
than the semiconductor material of the substrate 101. In 
embodiments wherein the substrate includes silicon, the lay 
ers 401, 402 of stress-creating material may include silicon/ 
germanium. Due to the greater lattice constant of the material 
of the layers 401, 402 of stress-creating material, a compres 
sive stress may be formed in the layers 401, 402 of stress 
creating material, which may help to improve the mobility of 
holes in the channel regions of the P-channel transistors to be 
formed in the core P-channel transistor area 111 and the 
input/output P-channel transistor area 113. 
0068 For forming the layers 401, 402 of stress-creating 
material, a mask (not shown), for example a photoresist mask 
covering portions of the semiconductor structure 100 other 
than the core P-channel transistor area 111 and the input/ 
output P-channel transistor area 113, may be formed, for 
example, by means of photolithography. Then, an etch pro 
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cess adapted to remove the material of the dielectric layer 201 
may be performed to expose the semiconductor material of 
the substrate 101 in the core P-channel transistor area 111 and 
the input/output P-channel transistor area 113. Then, an etch 
process adapted to remove the semiconductor material of the 
substrate 101 may be performed to form recesses in the core 
P-channel transistor area 111 and the input/output P-channel 
transistor area 113. The mask may be removed, and a selec 
tive epitaxial growth process may be performed for selec 
tively depositing the layers 401, 402 of stress-creating mate 
rial on the exposed semiconductor material of the core 
P-channel transistor area 111 and the input/output P-channel 
transistor area 113. The selective epitaxial growth process 
employed for depositing the material of the layers 401, 402 of 
stress-creating material may be adapted Such that Substan 
tially no deposition of material is obtained on the dielectric 
layers 201, 303, or only a small amount of material is depos 
ited on the dielectric layers 201, 303. The selective epitaxial 
growth process may include a chemical vapor deposition 
process, a plasma enhanced chemical vapor deposition pro 
cess and/or physical vapor deposition process adapted for 
selective epitaxial deposition of silicon/germanium. 
0069. After the formation of the layers 401, 402 of stress 
creating material, the dielectric layer 201 may be removed 
from the core N-channel transistor area 110 and the input/ 
output N-channel transistor area 112. In some embodiments, 
the dielectric layer 303, or at least portions thereof, may be 
removed from the nonvolatile memory cell area 107. For 
example, portions of the dielectric layer 303 may be removed 
from portions of the nonvolatile memory cell well 104 adja 
cent the control gate electrode 301, whereas portions of the 
dielectric layer 303 on the control gate electrode 301 may 
remain in the semiconductor structure. For removing the 
dielectric layer 303 or portions thereof, a mask, for example, 
a photoresist mask, may be formed that covers the high Volt 
age N-channel transistor area 108 and the high voltage 
P-channel transistor area 109, wherein the mask does not 
cover those portions of the semiconductor structure 100 from 
which the dielectric layer 201 and, optionally, the dielectric 
layer 303 are to be removed. Then, an etch process may be 
performed for removing the dielectric material of the layers 
201, 303, for example, an etch process adapted to remove 
silicon dioxide. 

(0070. Thereafter, dielectric layers 403, 404 may be 
formed, wherein the dielectric layer 403 may cover portions 
of the nonvolatile memory cell well 104 adjacent the control 
gate electrode 301, the core transistor P-well 304 and the core 
transistor N-well 305. The dielectric layer 404 may cover the 
input/output transistor P-well 306 and the input/output tran 
sistor N-well 307. 

(0071. For forming the dielectric layers 403, 404, a first 
oxidation process may be performed wherein portions of the 
material of the substrate 101 exposed at the surface of the 
semiconductor structure 100 are oxidized. Then, a mask cov 
ering portions of the semiconductor structure 100 other than 
the core N-channel transistor area 110, the core P-channel 
transistor area 111 and the nonvolatile memory cell area 107 
may be formed by means of a photolithography process. 
Then, an etch process for removing portions of the dielectric 
layer 403 from the nonvolatile memory cell area 107, the core 
N-channel transistor area 110 and the core P-channel transis 
tor area 111 may be performed. Thereafter, a further oxidation 
process may be performed for forming the dielectric layer 
403. As an alternative to forming the dielectric layers 403, 



US 2016/02478.11 A1 

404 by means of an oxidation process, one or both of the 
layers 403, 404 may be formed by means of a deposition 
process such as chemical vapor deposition and/or plasma 
enhanced chemical vapor deposition. 
0072 At the stage of the manufacturing process shown in 
FIGS. 4a and 4b, the nonvolatile memory cell area 107, the 
core N-channel transistor area 110 and the core P-channel 
transistor area 111 may be covered with the dielectric layer 
403, the input/output N-channel transistor area 112 and the 
input/output P-channel transistor area 113 may be covered by 
the dielectric layer 404, and the high voltage N-channel tran 
sistor area 108 and the high voltage P-channel transistor area 
109 may be covered by the dielectric layer 201. The dielectric 
layers 201, 403, 404 may be formed of substantially the same 
material, for example, silicon dioxide. However, the dielec 
tric layers 201, 403, 404 may have different thicknesses. In 
particular, the dielectric layer 201 may be thicker than the 
dielectric layer 404, and the dielectric layer 404 may be 
thicker than the dielectric layer 403. 
0073. As will be explained in more detail below, the 
dielectric layers 201, 403, 404 may be used for forming 
portions of a gate insulation layer of transistors formed in the 
areas 108 to 113. Thus, by providing dielectric layers 201, 
403, 404 having different thicknesses, gate insulation layers 
having a different thickness may be formed, in accordance 
with operating Voltages of the respective transistors. In the 
high voltage N-channel transistor area 108 and the high volt 
age P-channel transistor area 109, high Voltage transistors 
that may be used for providing voltages employed for pro 
gramming and erasing the nonvolatile memory cell to be 
formed in the nonvolatile memory cell area 107 may be 
formed, wherein the Voltage applied in the programming and 
erasing of the memory cell may be greater than Voltages of 
operation of the logic transistors formed in the transistor areas 
110 to 113. The input/output transistors formed in areas 112, 
113 may have a greater Voltage of operation than the core 
transistors formed in transistor areas 110, 111. A greater 
thickness of the respective dielectric layer may be helpful for 
providing a gate insulation layer that has a breakthrough 
Voltage that is greater than the Voltage of operation of the 
respective transistor. 
0074. In some embodiments, the dielectric layer 201 may 
have athickness in a range from about 100-260A. The dielec 
tric layer 403 may have a thickness in a range from about 
20-30A, and the dielectric layer 404 may have a thickness in 
a range from about 60-80 A. 
0075 FIGS. 5a and 5b show schematic cross-sectional 
views of the semiconductor structure 100 in a later stage of 
the manufacturing process. After the formation of the dielec 
tric layers 403, 404, electrically insulating layers 501, 502 
may be deposited over the semiconductor structure 100 using 
processes of chemical vapor deposition and/or plasma-en 
hanced chemical vapor deposition. In some embodiments, the 
electrically insulating layer 501 may include silicon dioxide, 
silicon oxynitride and/or silicon nitride, and the electrically 
insulating layer 502 that is formed over the electrically insu 
lating layer 501 may include a high-k material Such as, for 
example, tantalum oxide, strontium titanium oxide, hafnium 
oxide, hafnium silicon oxide and/or Zirconium oxide. Gener 
ally, in some embodiments, one or both of the electrically 
insulating layers may include a material having a greater 
dielectric constant than silicon dioxide, for example a dielec 
tric constant greater than about four. 
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0076. The present disclosure is not limited to embodi 
ments wherein two electrically insulating layers 501, 502 are 
provided. In other embodiments, a single electrically insulat 
ing layer, for example a layer of a high-k material Such as 
tantalum oxide, strontium titanium oxide, hafnium oxide, 
hafnium silicon oxide, Zirconium oxide and the like, may be 
provided. In further embodiments, three or more electrically 
insulating layers may be provided, wherein at least one of the 
electrically insulating layers includes a high-k material. 
0077. After the formation of the electrically insulating 
layers 501, 502, electrically conductive layers 503, 504,505 
may be formed over the semiconductor structure 100. The 
electrically conductive layer 503 may be provided on the 
topmost one 502 of the electrically insulating layers 501, 502 
and may include a metal Such as, for example, lanthanum, 
lanthanum nitride, aluminum, aluminum nitride and/or tita 
nium nitride. In some embodiments, portions of the electri 
cally conductive layer 503 provided over P-channel transistor 
areas 109, 111, 113 and portions of the layer 503 provided 
over N-channel transistor areas 108, 110, 112 and the non 
volatile memory cell area 107 may be formed of different 
metals. For example, portions of the electrically conductive 
layer 503 over the nonvolatile memory cell area 107 and the 
N-channel transistor areas 108, 110, 112 may include lantha 
num, lanthanum nitride and/or titanium nitride, and portions 
of the electrically conductive layer 503 over the P-channel 
transistor areas 109, 111, 113 may include aluminum and/or 
aluminum nitride. 
0078. The electrically conductive layer 504 may be, for 
example, a layer of titanium nitride, and may provide a cap 
layer of the electrically conductive layer 503. The electrically 
conductive layer 505, which may have a greater thickness 
than the layers 503, 504, may include polysilicon and may be 
doped for improving an electrical conductivity of the electri 
cally conductive layer 505. 
(0079. For forming the electrically conductive layers 503, 
504,505, deposition processes such as chemical vapor depo 
sition, plasma enhanced chemical vapor deposition, physical 
vapor deposition and/or atomic layer deposition may be 
employed. In embodiments wherein the electrically conduc 
tive layer 503 includes portions of different materials, the 
portions of the electrically conductive layer 503 may be 
deposited Subsequently, and processes of photolithography 
and etching may be employed for removing the portions of 
the electrically conductive layer 503 from parts of the semi 
conductor structure 100, in accordance with techniques for 
providing different metals in P-channel and N-channel tran 
sistors that are formed in accordance with high-k metal gate 
techniques. 
0080. On the electrically conductive layer 505, a dielectric 
layer 506, for example a layer of silicon dioxide, may be 
deposited. This may be done by means of deposition tech 
niques such as chemical vapor deposition and/or plasma 
enhanced chemical vapor deposition. 
0081 FIGS. 6a and 6b show schematic cross-sectional 
views of the semiconductor structure 100 in a later stage of 
the manufacturing process. After the formation of the electri 
cally insulating layers 501, 502, the electrically conductive 
layers 503, 504,505 and the dielectric layer 506, the electri 
cally conductive layers 503, 504,505 may be patterned. The 
dielectric layer 506 may be used in the patterning process, as 
will be detailed below. In this patterning process, a select gate 
electrode 601 and a select gate insulation layer 608 may be 
formed over the nonvolatile memory cell area 107, and tran 
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sistor gate electrodes 602 to 607 as well as transistor gate 
insulation layers 609 to 614 may beformed over the transistor 
areas 108 to 113. The select gate electrode 601 and the tran 
sistor gate electrodes 602 to 607 are formed from portions of 
the electrically conductive layers 503 to 505. 
0082. The select gate insulation layer 608 includes a gate 
insulation layer arrangement 618 that is formed from portions 
of the electrically insulating layers 501, 502 that were formed 
over the nonvolatile memory cell area 107. Additionally, the 
select gate insulation layer 608 may include a portion of the 
dielectric layer 403. 
I0083. The transistor gate insulation layers 609, 610 
formed over the high voltage transistor areas 108, 109 may 
include respective gate insulation layer arrangements 619, 
620 that are formed from portions of the electrically insulat 
ing layers 501, 502, and may additionally include portions of 
the dielectric layer 201. The gate insulation layers 611, 612 
formed over the core transistor areas 110, 111 may each 
include a respective gate insulation layer arrangement 621, 
622 formed from portions of the electrically insulating layers 
501, 502, and may additionally include portions of the dielec 
tric layer 403. The gate insulation layers 613. 614 formed over 
the input/output transistor areas 112, 113 may each include a 
respective gate insulation layer arrangement 623, 624 formed 
from portions of the electrically insulating layers 501, 502, 
and may additionally include portions of the dielectric layer 
404. 
0084. Since each of the gate insulation layer arrangements 
618 to 624 has been formed from portions of the electrically 
insulating layers 501, 502, the gate insulation layer arrange 
ments 618 to 624 include corresponding sub-layers. In par 
ticular, each of the gate insulation layer arrangements 618 to 
624 may include a first sub-layer formed from a portion of the 
electrically insulating layer 501 and a second sub-layer 
formed from a portion of the electrically insulating layer 502. 
0085. Accordingly, each of the gate insulation layer 
arrangements 619 to 624 of the gate insulation layers 609 to 
614 formed over the transistor areas 108 to 113 may include 
a plurality of sub-layers, wherein for each of the sub-layers, 
there is a corresponding Sub-layer in the gate insulation layer 
arrangement 618 of the select gate insulation layer 608. 
I0086. In embodiments wherein a single electrically insu 
lating layer is provided instead of the two electrically insu 
lating layers 501, 502 as described above, each of the gate 
insulation layer arrangements 618 to 624 may include a single 
sub-layer provided by a portion of the single electrically 
insulating layer, wherein the Sub-layers have corresponding 
features due to their formation from the same electrically 
insulating layer. 
0087 As detailed above, in some embodiments, portions 
of the electrically conductive layer 503 may be formed from 
different materials. Atoms from the electrically conductive 
layer 503 may diffuse into one or both of the electrically 
insulating layers 501, 502, and may form fixed charges 
therein. However, the portion of the electrically conductive 
layer 503 over the nonvolatile memory cell area 107 may have 
Substantially the same composition as the portions of the 
electrically conductive layer 503 over one of the pair of high 
voltage transistor areas 108, 109, one of the pair of core 
transistor areas 110, 111 and one of the pair of input/output 
transistor areas 112, 113. In particular, the portion of the 
electrically conductive layer 503 over the nonvolatile 
memory cell area 107 may have substantially the same com 
position as portions of the electrically conductive layer 503 
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over the high voltage N-channel transistor area 108, the core 
N-channel transistor area 110 and the input/output N-channel 
transistor area 112. Thus, corresponding Sub-layers of the 
gate insulation layer arrangements 618, 619, 621, 623 may 
have Substantially the same material composition. 
I0088. Due to their formation from portions of the electri 
cally insulating layers 501,502, the corresponding sub-layers 
of the gate insulation layer arrangements 618 to 624 may have 
Substantially the same thickness, and the corresponding Sub 
layers are arranged in the same order in each of the gate 
insulation layer arrangements 618 to 624. 
I0089. As can be seen from FIG. 6a, a portion of the gate 
insulation layer arrangement 618 of the select gate insulation 
layer 608 is arranged between the select gate electrode 601 
and the control gate electrode 301. Thus, the gate insulation 
layer arrangement 618 may provide electrical insulation 
between the select gate electrode 601 and the control gate 
electrode 301. There is substantially no portion of the non 
volatile memory stack 206 between the control gate electrode 
301 and the select gate electrode 601. Accordingly, electrical 
insulation between the select gate electrode 601 and the con 
trol gate electrode 301 may be provided independently of the 
nonvolatile memory stack 206. 
0090. For patterning the electrically insulating layers and 
the electrically conductive layers 503, 504,505, processes of 
photolithography and etching may be employed, wherein a 
mask, for example a photoresist mask or a hardmask, is 
formed over the semiconductor structure 100, and one or 
more etch processes are performed for removing portions of 
the electrically insulating layers 501, 502 and the electrically 
conductive layers 503, 504,505 which are not covered by the 
mask. In some embodiments, the patterning of the electrically 
insulating layers and the electrically conductive layers 503, 
504, 505 may include a formation of a first mask and one or 
more first etching processes for forming the gate electrodes 
602 to 607 and the gate insulation layers 609 to 614 over the 
transistor areas 108 to 113, and a formation of a second mask 
and one or more second etch processes for forming the select 
gate electrode 601 and the select gate insulation layer 608. 
0091 For protecting the portion of the electrically conduc 
tive layer 505 over the nonvolatile memory cell area 107 
during the first etching process, the dielectric layer 506 
described above may be used. Before forming the first mask 
and performing the first etch process that are employed for 
forming the transistor gate electrodes 602 to 607 and the 
transistor gate insulation layers 609 to 614, portions of the 
dielectric layer 506 over the transistor areas 108 to 113 may 
be removed, for example, by means of processes of photoli 
thography and etching. A portion of the dielectric layer 506 
over the nonvolatile memory cell area 107 may remain in the 
semiconductor structure during the first etch process. Since 
the select gate electrode 601 and the select gate insulation 
layer 608 are formed from portions of the electrically insu 
lating layers 501, 502 and the electrically conductive layers 
503, 504,505 that are located on or close to the control gate 
electrode 301, the portions of the electrically insulating layers 
501, 502 and the electrically conductive layers 503, 504,505 
from which the select gate insulation layer 608 and the select 
gate electrode 601 are formed may be located at a greater 
height above the substrate 101 than the portions of the elec 
trically insulating layers 501, 502 and the electrically con 
ductive layers 503, 504,505 from which the gate insulation 
layers 609 to 614 and the gate electrodes 602 to 607 above the 
transistor areas 108 to 113 are formed. Employing a separate 
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mask and one or more separate etch processes for the forma 
tion of the select gate insulation layer 608 and the select gate 
electrode 601 may help to overcome issues caused by the 
topography of the material layers from which the select gate 
insulation layer 608 and the select gate electrode 601 are 
formed and a limited depth of focus in photolithography 
processes that are employed for mask formation. 
0092. After the patterning of the electrically insulating 
layers 501, 502 and the electrically conductive layers 503, 
504,505, further process steps may be performed for forming 
Source and drain extensions, halo regions, source and drain 
regions and sidewall spacers at each of the areas 107 to 113, 
in accordance with conventional process flows. Thus, a non 
volatile memory cell may be formed at the nonvolatile 
memory cell area 107, high voltage transistors may beformed 
at the high voltage transistor areas 108, 109, core transistors 
may be formed at the core transistor areas 110, 111 and 
input/output transistors may be formed at the input/output 
transistor areas 112, 113. Active regions of these circuit ele 
ments may be provided by the source and drain regions, and 
portions of the wells between the source and drain regions 
forming channel regions. 
0093. The present disclosure is not limited to embodi 
ments wherein the select gate electrode 601 and gate elec 
trodes 602 to 607 are formed before the formation of source 
and drain regions in the areas 107 to 113, in accordance with 
a gate first process, as described above with reference to 
FIGS. 1a to 6b. In other embodiments, a gate last process 
integration may be employed, as will be described in the 
following with reference to FIGS. 7a, 7b, 8a and 8b. 
0094 FIGS. 7a and 7b show schematic cross-sectional 
views of different portions of a semiconductor structure 700 
according to an embodiment at a stage of a manufacturing 
process according to an embodiment. Schematic cross-sec 
tional views of the portions of the semiconductor structure 
700 shown in FIGS. 7a and 7b, respectively, at another stage 
of the manufacturing process are shown in FIGS. 8a and 8b, 
respectively. FIGS. 7a and 7b show the semiconductor struc 
ture 700 at a same point of the manufacturing process. FIGS. 
8a and 8b show the semiconductor structure 700 at a same 
point of the manufacturing process that is later than the point 
of the manufacturing process shown in FIGS. 7a and 7b. 
0095 For convenience, in FIGS. 1a to 6b, and in FIGS. 7a 
to 8b, like reference numerals have been used to denote like 
components, and corresponding processes may be employed 
for the formation thereof, unless explicitly stated otherwise. 
0096. The semiconductor structure 700 may include a sub 
strate 101. A trench isolation structure 102 may provide elec 
trical insulation between a nonvolatile memory cell area 107. 
a high Voltage N-channel transistor area 108, a high-voltage 
P-channel transistor area 109, a core N-channel transistor 
area 110, a core P-channel transistor area 111, an input/output 
N-channel transistor area 112, an input/output P-channel 
transistor area 113, and between the areas 107 to 113 and 
other areas of the semiconductor structure 700 wherein fur 
ther circuit elements are formed (not shown). 
0097. In the substrate 101, a deep N-well 103 may be 
provided that includes the nonvolatile memory cell area 107. 
the high voltage N-channel transistor area 108 and the high 
voltage P-channel transistor area 109, but does not include the 
core N-channel transistor area 110, the core P-channel tran 
sistor area 111, the input/output N-channel transistor area 112 
and the input/output P-channel transistor area 113. 
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0098. In the nonvolatile memory cell area 107, a nonvola 
tile memory cell well 104 may be provided, in the high 
voltage N-channel transistor area 108, a high voltage P-well 
105 may be provided, and in the high-voltage P-channel 
transistor area 109, a high voltage N-well 106 may be pro 
vided. In the core N-channel transistor area 110, a core tran 
sistor P-well 304 may be provided, in the core P-channel 
transistor area 111, a core transistor N-well 305 may be 
provided, in the input/output N-channel transistor area 112, 
an input/output transistor P-well 306 may be provided, and in 
the input/output P-channel transistor area 113, an input/out 
put transistor N-well 307 may be provided. The core P-chan 
nel transistor area 111 and the input/output P-channel tran 
sistor area 113 may further include a respective one of layers 
401, 402 of stress-creating material. 
(0099. Above the nonvolatile memory cell well 104, a non 
volatile memory stack 206 including a bottom isolation layer 
203, a charge storage layer 204 and a top isolation layer 205 
may be provided. Above the nonvolatile memory stack 206, a 
control gate electrode 301 covered by a cap layer 302 may be 
provided. Additionally, dielectric layers 201, 303, 403, and 
404 may be provided. 
0100. The above-described features may be formed as 
described as above with reference to FIGS. 1a to 4b, wherein 
the dielectric layer 403 may initially cover the surface of the 
nonvolatile memory cell well 104 adjacent the control gate 
electrode 301 and the core transistor wells 304, 305, the 
dielectric layer 404 may initially cover the input/output tran 
sistor wells 306,307, and the dielectric layer 201 may initially 
cover the surface of the high voltage transistor wells 105,106. 
0101. A dummy select gate electrode 708 and a dummy 
select gate insulation layer 701 may be formed over the non 
volatile memory cell area 107, and dummy transistor gate 
electrodes 709 to 714 and dummy transistor gate insulation 
layers 702 to 707 may beformed over the transistor areas 108 
to 113. 

0102 This can be done by depositing a layer of the mate 
rial of the dummy select gate insulation layer 701 and the 
dummy transistor gate insulation layers 702 to 707, for 
example a layer of silicon dioxide, and a layer of a material of 
the dummy select gate electrode 708 and the dummy transis 
tor gate electrodes 709 to 714, for example a layer of poly 
silicon, over the semiconductor structure 700, for example, 
by means of processes of chemical vapor deposition and/or 
plasma enhanced chemical vapor deposition. These layers, 
and the dielectric layers 201,303, 403, 404, may be patterned 
by means of processes of photolithography and etching, 
wherein first processes of photolithography and etching may 
be performed for forming the dummy transistor gate insula 
tion layers 702 to 707 and the dummy transistor gate elec 
trodes 709 to 714, and second processes of photolithography 
and etching may be performed for forming the dummy select 
gate insulation layer 701 and the dummy select gate electrode 
708, similar to the formation of the select gate electrode 601, 
the transistor gate electrodes 602 to 607, the select gate insu 
lation layer 608 and the transistorgate insulation layers 609 to 
614 described above with reference to FIGS. 6a and 6b. 
0103) Thereafter, ion implantation processes may be per 
formed for forming source and drain extensions and, option 
ally, halo regions in each of the nonvolatile memory cell area 
107 and the transistor areas 108 to 109. Then, sidewall spacers 
715 to 722 may be formed at the sidewalls of each of the 
control gate electrode 301, the dummy select gate electrode 
708 and the dummy transistorgate electrodes 709 to 714. This 
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may be done by depositing a layer of a material of the sidewall 
spacers 715 to 722 over the semiconductor structure 700. The 
layer of Sidewall spacer material may include, for example, 
silicon nitride. Then, an anisotropic etch process may be 
performed for removing portions of the layer of sidewall 
spacer material from Substantially horizontal or weakly 
inclined portions of the Surface of the semiconductor struc 
ture 700, whereas, due to the anisotropy of the etch process, 
portions of the layer of sidewall spacer material at the side 
walls of the control gate electrode 301, the dummy select gate 
electrode 708 and the dummy transistor gate electrodes 709 to 
714 remain in the semiconductor structure 700 and form the 
sidewall spacers 715 to 722. 
0104. Then, ion implantation processes may be performed 
for forming source regions 721 to 727 and drain regions 728 
to 734 in the nonvolatile memory cell well 104 and the tran 
sistor wells 105,106 and 304 to 307. 
0105. Thereafter, a layer 735 of an interlayerdielectric, for 
example a layer of silicon dioxide, may be deposited over the 
semiconductor structure 700. 

0106 FIGS. 8a and 8b show schematic cross-sectional 
views of the semiconductor structure 700 in a later stage of 
the manufacturing process. After the formation of the inter 
layer dielectric 735, a chemical mechanical polishing process 
may be performed. In the chemical mechanical polishing 
process, the surface of the semiconductor structure 700 may 
be planarized. Moreover, the dummy select gate electrode 
708 and the dummy transistor gate electrodes 709 to 714 may 
be exposed at the surface of the semiconductor structure 700. 
0107 Then, one or more etch processes may be performed 
for removing the dummy select gate electrode 708, the 
dummy transistor gate electrodes 709 to 714, the dummy 
select gate insulation layer 701 and the dummy transistorgate 
insulation layers 702 to 707. Then, electrically insulating 
layers 501, 502 and electrically conductive layers 503, 504, 
505 may be deposited over the semiconductor structure 700, 
and a further chemical mechanical polishing process may be 
performed for removing portions of these layers that were 
deposited on the surface of the interlayer dielectric 735. Por 
tions of the electrically insulating layers 501, 502 and the 
electrically conductive layers 503, 504,505 deposited at the 
locations of the dummy select gate electrode 708 and the 
dummy transistor gate electrodes 709 to 714 may remain in 
the semiconductor structure 700 and may form a select gate 
insulation layer 808, a select gate electrode 801, transistor 
gate insulation layers 809 to 814 and transistorgate electrodes 
802 to 807 having features similar to those of the select gate 
electrode 601, the select gate insulation layer 608, the tran 
sistor gate electrodes 602 to 607 and the transistor gate insu 
lation layers 609 to 617 described above with reference to 
FIGS. 6a and 6b. 

0108. The particular embodiments disclosed above are 
illustrative only, as the invention may be modified and prac 
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. 
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What is claimed: 
1. A semiconductor structure, comprising: 
a split gate nonvolatile memory cell comprising an active 

region, a nonvolatile memory stack provided above said 
active region, a control gate electrode provided above 
said nonvolatile memory stack, a select gate electrode at 
least partially provided above said active region adjacent 
to said nonvolatile memory stack and a select gate insu 
lation layer, and 

a high Voltage transistor comprising an active region, a gate 
electrode and a gate insulation layer provided between 
said active region and said gate electrode; 

wherein said select gate insulation layer of said split gate 
nonvolatile memory cell and said gate insulation layer of 
said high Voltage transistor are at least partially formed 
of a same high-k dielectric material; and 

wherein said select gate electrode of said split gate non 
Volatile memory cell and said gate electrode of said high 
Voltage transistor are at least partially formed of a same 
metal. 

2. The semiconductor structure of claim 1, wherein said 
select gate insulation layer comprises a first portion arranged 
between said active region of said split gate nonvolatile 
memory cell and said select gate electrode and a second 
portion arranged between said select gate electrode and said 
control gate electrode. 

3. The semiconductor structure of claim 2, wherein each of 
said select gate insulation layer of said split gate nonvolatile 
memory cell and said gate insulation layer of said high volt 
age transistor comprises a first gate insulation layer arrange 
ment comprising one or more Sub-layers, wherein, for each of 
the Sub-layers of said first gate insulation layer arrangement 
of said select gate insulation layer there is a corresponding 
Sub-layer formed of a same material in said gate insulation 
layer of said high Voltage transistor. 

4. The semiconductor structure of claim 3, wherein the 
corresponding Sub-layers of said first gate insulation layer 
arrangements of said select gate insulation layer of said split 
gate nonvolatile memory cell and said gate insulation layer of 
said high Voltage transistor are arranged in the same order. 

5. The semiconductor structure of claim 4, wherein the 
corresponding Sub-layers of said first gate insulation layer 
arrangements of said select gate insulation layer of said split 
gate nonvolatile memory cell and said gate insulation layer of 
said high Voltage transistor have Substantially the same thick 
CSS. 

6. The semiconductor structure of claim 5, wherein said 
gate insulation layer of said high Voltage transistor further 
comprises a layer of a dielectric material arranged between 
said first gate insulation layer arrangement and said active 
region of said high Voltage transistor. 

7. The semiconductor structure of claim 6, wherein said 
layer of dielectric material arranged between said first gate 
insulation layer arrangement and said active region of said 
high Voltage transistor is formed of silicon dioxide. 

8. The semiconductor structure of claim 3, further com 
prising a plurality of low voltage transistors, each of said 
plurality of low Voltage transistors comprising an active 
region, a gate electrode provided above said active region and 
a gate insulation layer comprising a second gate insulation 
layer arrangement comprising one or more sub-layers, 
wherein, for each of said sub-layers, there is a corresponding 
Sub-layer in said first gate insulation layer arrangements of 
said select gate insulation layer of said split gate nonvolatile 



US 2016/02478.11 A1 

memory cell and said gate insulation layer of said high Volt 
age transistor, and wherein said gate electrodes of said low 
Voltage transistors, said select gate electrode of said split gate 
nonvolatile memory cell and said gate electrode of said high 
Voltage transistor are at least partially formed of the same 
material. 

9. The semiconductor structure of claim 7, wherein said 
plurality of low Voltage transistors comprises a core transistor 
and an input/output transistor. 

10. The semiconductor structure of claim 1, wherein sub 
stantially no portion of said nonvolatile memory stack is 
provided between said select gate electrode and said control 
gate electrode. 

11. The semiconductor structure of claim 10, wherein said 
select gate electrode comprises a first portion provided adja 
cent to said control gate electrode and a second portion pro 
vided above said control gate electrode. 

12. A semiconductor structure, comprising: 
a split gate nonvolatile memory cell comprising an active 

region, a nonvolatile memory stack provided above said 
active region, a control gate electrode provided above 
said nonvolatile memory stack, a select gate electrode at 
least partially provided above said active region adjacent 
to said nonvolatile memory stack and a select gate insu 
lation layer, and 

a high Voltage transistor comprising an active region, a gate 
electrode and a gate insulation layer provided between 
said active region and said gate electrode; 

wherein said select gate insulation layer of said split gate 
nonvolatile memory cell and said gate insulation layer of 
said high Voltage transistor are at least partially formed 
of a same high-k dielectric material, each of said select 
gate insulation layer of said split gate nonvolatile 
memory cell and said gate insulation layer of said high 
Voltage transistor comprises a first gate insulation layer 
arrangement comprising one or more sub-layers, 
wherein, for each of said sub-layers of said first gate 
insulation layer arrangement of said select gate insula 
tion layer there is a corresponding Sub-layer formed of a 
same material in said gate insulation layer of said high 
Voltage transistor, and wherein said gate insulation layer 
of said high Voltage transistor further comprises a layer 
of a dielectric material arranged between said first gate 
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insulation layer arrangement and said active region of 
said high Voltage transistor, and 

wherein said select gate electrode of said split gate non 
Volatile memory cell and said gate electrode of said high 
Voltage transistor are at least partially formed of a same 
metal. 

13. The semiconductor structure of claim 12, wherein said 
select gate insulation layer comprises a first portion arranged 
between said active region of said split gate nonvolatile 
memory cell and said select gate electrode and a second 
portion arranged between said select gate electrode and said 
control gate electrode. 

14. The semiconductor structure of claim 12, further com 
prising a plurality of low voltage transistors, each of said 
plurality of low Voltage transistors comprising an active 
region, a gate electrode provided above said active region and 
a gate insulation layer comprising a second gate insulation 
layer arrangement comprising one or more sub-layers, 
wherein, for each of said sub-layers, there is a corresponding 
Sub-layer in said first gate insulation layer arrangements of 
said select gate insulation layer of said split gate nonvolatile 
memory cell and said gate insulation layer of said high Volt 
age transistor, and wherein said gate electrodes of said low 
Voltage transistors, said select gate electrode of said split gate 
nonvolatile memory cell and said gate electrode of said high 
Voltage transistor are at least partially formed of a same 
material. 

15. The semiconductor structure of claim 14, wherein said 
plurality of low Voltage transistors comprise a core transistor 
and an input/output transistor. 

16. The semiconductor structure of claim 12, wherein sub 
stantially no portion of said nonvolatile memory stack is 
provided between said select gate electrode and said control 
gate electrode. 

17. The semiconductor structure of claim 12, wherein said 
layer of dielectric material arranged between said first gate 
insulation layer arrangement and said active region of said 
high Voltage transistor is formed of silicon dioxide. 

18. The semiconductor structure of claim 12, wherein said 
select gate electrode comprises a first portion provided adja 
cent to said control gate electrode and a second portion pro 
vided above said control gate electrode. 

k k k k k 


