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METHOD OF FORMING A MATERIAL LAYER IN A SEMICONDUCTOR STRUCTURE

FIELD OF THE PRESENT DISCLOSURE

Generally, the present disclosure relates to the field of integrated circuits and more particularly to

the formation of a material on a semiconductor structure.

DESCRIPTION OF THE PRIOR ART

Integrated circuits typically comprise a large number of circuit elements, which include, in

particular, field effect transistors. In a field effect transistor, a gate electrode can be separated

from a channel region by a gate insulation layer that provides an electrical insulation between

the gate electrode and the channel region. Adjacent the channel region, a source region and a

drain region are formed. The channel region, the source region and the drain region can be

formed in semiconductor material, wherein the doping of the channel region is inverse to the

doping of the source region and the drain region. Thus, there is a pn-transition between the

source region and the channel region, and between the channel region and the drain region.

Depending on an electric voltage applied to the gate electrode, the field effect transistor can be

switched between an on-state, wherein there is a relatively high electrical conductance between

the source region and the drain region, and an off-state, wherein there is a relatively low

electrical conductance between the source region and the drain region. Depending on the

doping of the channel region, one distinguishes between n-channel transistors, wherein the

electrical conductance between the source region and the drain region in the on-state is

provided substantially by electrons, and p-channel transistors, wherein the electrical

conductance between the source region and the drain region is provided substantially by holes.

In the miniaturization of field effect transistors, specific issues may arise. These issues may

include a lowering of the electrical conductance of the channel region. It has been proposed to

provide a channel region comprising silicon-germanium for increasing the electrical conductance

of the channel region. In particular, silicon-germanium can provide a greater mobility of holes, so

that a silicon-germanium channel region can be particularly helpful for increasing the electrical

conductance of the channel region of a p-channel transistor.

Further issues that may occur in the miniaturization of field effect transistors may include a

dependence of the drive current of the transistor on channel length. The drive current is
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influenced by a capacity between the gate electrode and the channel region which, in turn,

depends on the thickness and the dielectric constant of the gate insulation layer.

Conventionally, the gate insulation layer has been formed from silicon dioxide. However, at the

sizes of field effect transistors used in current integrated circuits, an extremely small thickness of

a gate insulation layer formed from substantially pure silicon dioxide would be required for

obtaining an appropriate drive current of the transistors. A very thin gate insulation layer,

however, may have issues associated therewith, which include, in particular, leakage currents

caused by tunneling of charge carriers through the gate insulation layer.

To avoid such issues, materials having a greater dielectric constant than silicon dioxide (denoted

“high-k materials”) can be used in the formation of the gate insulation layer. A relatively high

dielectric constant of the gate insulation layer can increase the capacity between the gate

electrode and the channel region compared to a gate insulation layer of the same thickness

having a lower dielectric constant, so that a greater dielectric constant of the gate insulation

layer can allow obtaining a relatively high capacity at a relatively large thickness of the gate

insulation layer.

Gate insulation layers comprising a high-k material can include a relatively thin layer of silicon

dioxide formed on the silicon-germanium or silicon channel region, and a layer of a high-k

material formed on the silicon dioxide layer. The silicon dioxide layer can passivate the surface

of the silicon-germanium or silicon channel region, and can reduce the level of interface states

compared to a direct deposition of high-k material on the semiconductor material of the channel

region.

Field effect transistors comprising gate insulation layers comprising a high-k material as

described above, however, can have specific issues associated therewith.

At an interface between the silicon dioxide of the gate insulation layer and the channel region,

Gate Oxide Integrity (GOI) defects can occur, which include locations wherein there is a locally

reduced breakthrough voltage of the gate insulation layer. GOI defects can increase the

likelihood of failure mechanisms such as Time Dependent Dielectric Breakdown (TDDP),

wherein a dielectric breakdown of the gate insulation layer occurs as a result of a long time

application of a relatively low electric field.

Issues that may occur in field effect transistors having a gate insulation layer comprising a high-k

material as described above can also include bias temperature instability (BTI). BTI, which
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includes negative bias temperature instability (NBTI) in p-channel transistors and positive bias

temperature instability (PBTI) in n-channel transistors, can lead to an alteration of the threshold

voltage of the transistor over a period of time, which can adversely affect the functionality of an

integrated circuit wherein the transistor is provided. Defects at the interface between the channel

region and the gate insulation layer and/or defects within the gate insulation layer, in particular

defects within a silicon dioxide layer in the gate insulation layer, can increase the likelihood of

bias temperature instability occurring.

An increase of the thickness of the gate insulation layer and/or the thickness of a portion of the

gate insulation layer comprising silicon dioxide can improve gate oxide integrity, in particular with

respect to time dependent dielectric breakdown and bias temperature instability. However, an

increase of the thickness of the gate insulation layer can adversely affect the capacity between

the gate electrode and the channel region, and may lead to an increase of the threshold voltage

of a field effect transistor.  Thus, the performance of the field effect transistor can be adversely

affected, and a violation of specification limits may occur. While some of these issues can be

reduced by combining an increased thickness of the silicon dioxide in the gate insulation layer

with a nitridation, the nitridation can be associated with a degradation of an integrated circuit

device wherein the field effect transistor is provided, and can increase manufacturing costs.

In view of the situation described above, the present disclosure relates to manufacturing

techniques that allow to improve the quality of a gate insulation layer, in particular the quality of a

silicon dioxide in a gate insulation layer that comprises a silicon dioxide layer in addition to a

layer of a material having a greater dielectric constant than silicon dioxide, while avoiding or at

least reducing the effects of one or more of the issues identified above.

Moreover, the present disclosure relates to manufacturing techniques that allow improving a

quality of a material layer whose formation comprises a deposition process and a post-treatment

process that is performed after the deposition process, in particular, a post-treatment process

that is based on a diffusion of species through material deposited in the deposition process.

SUMMARY OF THE DISCLOSURE

An illustrative method disclosed herein comprises depositing a first portion of a first material

layer on a semiconductor structure. A first run of a post-treatment process for modifying at least

the first portion of the first material layer is performed. After the first run of the post-treatment

process, a second portion of the first material layer is deposited. The second portion is formed of

substantially the same material as the first portion. After the deposition of the second portion of
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the first material layer, a second run of the post-treatment process is performed for modifying at

least the second portion of the first material layer.

An illustrative method of forming a field effect transistor disclosed herein comprises providing a

semiconductor structure comprising a semiconductor material. A gate insulation layer is formed

on the semiconductor material. Forming the gate insulation layer comprises performing a first

run of a chemical vapor deposition process to deposit a first portion of a silicon dioxide layer on

the semiconductor material. After the first run of the chemical vapor deposition process, a first

run of a plasma oxidation process is performed. In the plasma oxidation process, a portion of the

semiconductor material adjacent the first portion of the silicon dioxide layer is oxidized. After the

first run of the plasma oxidation process, a second run of the chemical vapor deposition process

is performed to deposit a second portion of the silicon dioxide layer on the first portion of the

silicon dioxide layer. After the second run of the chemical vapor deposition process, a second

run of the plasma oxidation process is performed. The method further comprises forming a gate

electrode above the gate insulation layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Further embodiments are defined in the appended claims and will become more apparent with

the following detailed description when taken with reference to the accompanying drawings, in

which:

Figs. 1a to 1g show schematic cross-sectional views of a semiconductor structure during stages

of a method according to an illustrative embodiment; and

Figs. 2a and 2b show schematic cross-sectional views of a semiconductor structure in stages of

a method according to an illustrative embodiment.

DETAILED DESCRIPTION

While the present disclosure is described with reference to the embodiments as illustrated in the

following detailed description as well as in the drawings, it should be understood that the

following detailed description as well as the drawings are not intended to limit the subject matter

disclosed herein to the particular illustrative embodiments disclosed, but rather the described

illustrative embodiments merely exemplify the various aspects of the present disclosure, the

scope of which is defined by the appended claims.
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The present disclosure provides methods wherein two or more portions of a material layer are

deposited on a semiconductor structure. The portions of the material layer can be formed of

substantially the same material. After the deposition of each portion of the material layer, a run

of a post-treatment process can be performed. In each run of the post-treatment process, at

least the portion of the material layer that was deposited before the respective run of the post-

treatment process is modified.

In embodiments, each of the portions of the material layer can comprise silicon dioxide and can

be deposited by means of a run of a chemical vapor deposition process. The chemical vapor

deposition process can be a high temperature oxide process wherein silicon dioxide is created

by a chemical reaction between silane and nitrous oxide at a deposition temperature in a range

from about 650 °C to about 850 °C. The post-treatment process can comprise a plasma

oxidation process, wherein the semiconductor structure is exposed to an oxidizing ambient

created by an electric discharge, for example a radio frequency electric discharge, in a gas

comprising oxygen. The plasma oxidation process can be a decoupled oxidation process, and

can be performed by means of a known decoupled plasma source. In each run of the plasma

oxidation process, oxygen ions, atoms and/or molecules can react chemically with the silicon

dioxide of the portion of the silicon dioxide layer that was deposited before the respective run of

the post-treatment process. Thus, the deposited silicon dioxide can be densified, and open

vacancies in the deposited silicon dioxide can be saturated, which may improve the quality of the

silicon dioxide layer.

In embodiments, the method can be used for forming a silicon dioxide layer that is comprised in

a gate insulation layer of a field effect transistor. In particular, the silicon dioxide layer can be

provided between a channel region comprising silicon-germanium and/or silicon and a high-k

material having a greater dielectric constant than silicon dioxide. In such embodiments, in the

run of the post-treatment process that is performed after the deposition of the first portion of the

silicon dioxide layer, a portion of the semiconductor material of the channel region adjacent the

first portion of the silicon dioxide layer can be oxidized, so that a regrowth at the interface

between the silicon dioxide and the silicon-germanium and/or the silicon can be obtained, in

addition to a saturation of open vacancies in the silicon dioxide. For generating a defined

regrowth, parameters of the plasma oxidation process such as plasma power, the duration of the

plasma oxidation process, and the flow of gases, in particular oxygen flow can be adapted

accordingly.
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In the run of the post-treatment process that is performed after the deposition of the second,

third or any further portion of the silicon dioxide layer, the first portion and, optionally, other

earlier deposited portions of the silicon dioxide layer can reduce a diffusion of oxygen toward the

interface between the silicon germanium and/or silicon semiconductor material and the silicon

dioxide layer, which may limit the reoxidation obtained. Thus, adverse effects of too much

oxidation of semiconductor material at the interface such as germanium pileup (in the case of a

semiconductor material comprising germanium such as silicon-germanium), a bad interface

and/or a shift of the threshold voltage of the field effect transistor can be avoided or at least

reduced. However, a densification of the deposited silicon dioxide and a saturation of open

vacancies can be obtained in substantially the entire silicon dioxide layer, including the second,

third or any further portion thereof.

Thus, a defined regrowth, a reduction of the amount of defects and/or a saturation of open

vacancies can be obtained for a relatively broad range of final thicknesses of the silicon dioxide

layer. This can allow improving the reliability of the gate insulation layer, in particular with

respect to bias temperature instability and time dependent dielectric breakdown, can improve the

performance of an integrated circuit comprising field effect transistors wherein the gate insulation

layer is formed as described herein, and can reduce manufacturing costs.

The subject matter of the present disclosure is not limited to embodiments wherein a silicon

dioxide layer is formed for providing a gate insulation layer. In other embodiments, methods as

described herein can be used for forming silicon dioxide layers employed for other purposes

than gate insulation.

Moreover, the subject matter of the present disclosure is not limited to embodiments wherein

silicon dioxide is deposited by means of a chemical vapor deposition process and a plasma

oxidation is performed as a post-treatment after the deposition of each portion of the silicon

dioxide layer. Instead, methods as described herein can be applied to a number of post-

treatments of a deposited layer, and can be particularly helpful when the post-treatment process

is limited by diffusion through the deposit layer. Other materials than silicon dioxide can also be

used.

Further embodiments will be described with reference to Figs. 1a to 1g, 2a and 2b.

Fig. 1a shows a schematic cross-sectional view of a semiconductor structure 100 in a first stage

of a manufacturing process according to an embodiment.
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The semiconductor structure 100 comprises a substrate 101, above which a semiconductor

layer 103 is formed. The substrate 101 may represent any appropriate carrier material, such as

a semiconductor material, a semiconductor material in combination with an insulating material

and the like.

In embodiments, the semiconductor material 103 in combination with the substrate 101 can form

a silicon-on-insulator (SOI) configuration, wherein the semiconductor layer 103 is formed on an

insulating surface portion of the substrate 101, for example on a portion of a surface of an

insulating layer formed on a semiconductor wafer.

In other embodiments, the semiconductor layer 103 and the substrate 101 can form a bulk

configuration, wherein the semiconductor layer 103 is formed on a substantially crystalline

semiconductor material of the substrate 101, and/or wherein the semiconductor layer 103 and

the substrate 101 are integral. The semiconductor layer 103 and/or and a semiconductor

material in the substrate 101 can comprise silicon.

The semiconductor structure 100 further comprises an isolation structure 102, which can, in

embodiments, be provided in the form of shallow trench isolations which separate a portion of

the semiconductor layer 103 enclosed by the isolation structure 102 from other portions of the

semiconductor layer 103 (not shown).

The semiconductor structure 100 further comprises a semiconductor layer 104 that can

comprise a different semiconductor material than the semiconductor layer 103. In particular, the

semiconductor layer 104 can comprise silicon-germanium, and the semiconductor layer 103 can

comprise silicon.

The portions of the semiconductor layers 103, 104 enclosed by the isolation structure 102 can

form an active region 115 of a field effect transistor 116, and can comprise a specific well

doping, the type of doping being selected in accordance with the type of the field effect

transistor 116. For forming an n-channel field effect transistor, the portion of the layer 103

enclosed by the isolation structures 102 can be doped with a p-type dopant, and it can be doped

with an n-type dopant, if a p-channel field effect transistor is formed.

The present disclosure is not limited to embodiments wherein semiconductor layers 103, 104

formed of different materials are provided in the active region 115 of the field effect transistor

116. Alternatively, the active region 115 can comprise a single semiconductor material such as,

for example, silicon.
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In embodiments, the semiconductor structure 100 can comprise p-channel field effect

transistors, wherein the active region comprises a silicon-germanium layer 104 formed above a

silicon layer 103, as shown in Fig. 1a, and can additionally comprise n-channel field effect

transistor wherein the entire active region is formed in a semiconductor layer that comprises

silicon and/or is integral with a semiconductor substrate 101.

The semiconductor structure 100 can be manufactured as follows.

The substrate 101 having the semiconductor layer 103 formed thereon can be provided by

means of known processes. In embodiments wherein the semiconductor layer 103 and the

substrate 101 form a silicon-on-insulator configuration, known methods of forming a silicon-on-

insulator structure comprising a bonding of a semiconductor wafer to another semiconductor

wafer having an insulating layer formed thereon, and cleaving one of the semiconductor wafers

can be employed. In embodiments wherein the semiconductor layer 103 and the substrate 101

form a bulk configuration, the semiconductor layer 103 and the substrate 101 can be provided in

form of an integral semiconductor wafer.

The isolation structure 102 can be formed by using well-established methods of forming shallow

trench isolation structures including lithography techniques, etch techniques, as well as

deposition and planarization processes. In embodiments, the isolation structures 102 can

comprise silicon dioxide, silicon nitride and the like.

The semiconductor layer 104 can be formed by means of well-established techniques for

forming a semiconductor layer on a semiconductor structure, for example a selective epitaxial

growth process wherein silicon-germanium is selectively deposited on the surface on the

semiconductor layer 103. Portions of the semiconductor structure 100 wherein no silicon-

germanium layer is to be formed, for example portions of the semiconductor structure 100

wherein n-channel field effect transistors are formed, can be covered by a mask, the selective

epitaxial growth process being adapted such that no deposition of silicon-germanium occurs on

the mask. Thereafter, the mask can be removed by means of an etching process.

Fig. 1b shows a schematic cross-sectional view of the semiconductor structure 100 in a later

stage of the manufacturing process. A first portion 105 of a material layer 117 can be deposited

on the semiconductor structure 100. The first portion 105 of the material layer 117 can comprise

silicon dioxide, and can be deposited on a surface of the semiconductor layer 104 by means of a

run of a deposition process that is schematically denoted by arrows 106 in Fig. 1b. The

deposition process can be a chemical vapor deposition process, wherein the semiconductor
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structure 100 is exposed to a reactant gas. At a surface of the semiconductor structure 100,

components of the reactant gas react chemically with each other. In the chemical reaction, the

material of the first portion 105 of the material layer 117 is formed.

In embodiments, the chemical vapor deposition process can be a high temperature oxide

process, wherein the semiconductor structure 100 is exposed to a reactant gas comprising

silane and nitrous oxide. The chemical vapor deposition process can be carried out at a

relatively high temperature in a range from about 650 °C to about 850 °C. At the surface of the

semiconductor structure 100, a chemical reaction between the silane and the nitrous oxide can

occur, wherein silicon dioxide is formed. The silicon dioxide can be deposited on the

semiconductor structure 100 to form the first portion 105 of the material layer 117.

The present disclosure is not limited to embodiments wherein a high temperature oxide process

is performed for depositing the first portion 105 of the material layer 117. Alternatively, in

embodiments wherein the material layer 117 comprises silicon dioxide, a low temperature oxide

process, being a chemical vapor deposition process wherein the reactant gas comprises silane

and oxygen, and the reaction is carried out at a temperature in a range from about 300 °C to

about 500 °C can be employed for providing the first portion 105 of the material layer 117.

In further embodiments, the first portion 105 of the material layer 117 can be formed from

materials other than silicon dioxide, for example silicon nitride, and can be formed by performing

a run of a known deposition process for depositing a silicon nitride layer.

Fig. 1c shows a schematic cross-sectional view of the semiconductor structure 100 in a later

stage of the manufacturing process.

After the formation of the first portion 105 of the material layer 117, a run of a post-treatment

process for modifying at least the first portion 105 of the material layer 117 can be carried out, as

schematically denoted by arrows 108 in Fig. 1c.

The post-treatment process can comprise exposing the semiconductor structure 100 to a gas

comprising one or more components that can react chemically with the material of the first

portion 105 of the material layer and/or with the material of the semiconductor layer 104.

In embodiments, the post-treatment process can comprise an oxidation process, wherein the

semiconductor structure 100 is exposed to an oxidizing ambient, for example oxygen plasma.
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The oxygen plasma can be provided by means of a known decoupled plasma source, wherein

the semiconductor structure 100 is provided in a chamber comprising a gas comprising oxygen,

for example, substantially pure oxygen, a mixture of oxygen and hydrogen, a mixture of oxygen

and nitrogen and/or a mixture of oxygen and a noble gas such as, for example, a mixture of

oxygen and helium and/or argon, and an electric discharge is created in the gas comprising

oxygen for at least partially ionizing the gas comprising oxygen. The electric discharge can be a

radio frequency electric discharge, or it can be adapted for creating a microwave plasma. For

creating the radio frequency electric discharge, the decoupled plasma source can comprise an

inductive coil electrically connected to a first radio frequency power source, the inductive coil

being provided above the semiconductor structure 100, and a second radio frequency power

source electrically connected between a substrate holder on which the semiconductor structure

100 is provided and ground. The first and the second radio frequency source can operate at

different frequencies.

Species such as oxygen atoms, ions, and/or molecules from the oxygen plasma can react with

the first portion 105 of the material layer 117. In embodiments wherein the first portion 105 of the

material layer 117 comprises silicon dioxide, a reaction between the silicon dioxide of the first

portion 105 of the material layer 117 and the species from the oxygen plasma can saturate open

vacancies in the first portion 105 of the material layer 117, and can densify the first portion 105

of the material layer 117.

Additionally, oxygen atoms, ions and/or molecules from the oxygen plasma can diffuse through

the first portion 105 of the material layer 117, and can react with the material of the

semiconductor layer 104. In embodiments wherein the semiconductor layer 104 comprises

silicon-germanium or silicon, oxygen from the oxygen plasma can react with silicon from the

layer 104 to create silicon dioxide. Thus, an oxidized portion 107 of the semiconductor layer 104

can be formed adjacent the first portion 105 of the material layer 117. The formation of the

oxidized portion 107 can improve a quality of an interface between the first portion 105 of the

material layer 117 and the semiconductor layer 104. In particular, a density of defects at the

interface can be reduced.

In the run 108 of the plasma oxidation process, parameters of the plasma oxidation process can

be adapted such that a thickness of the oxidized portion 107 of the semiconductor layer 104 in a

range from about 2 angstroms to about 6 angstroms is obtained. Parameters of the plasma

oxidation process can include, in particular, radio frequency power, time of the plasma oxidation

process, and flow of gases during the plasma oxidation process.



11

Fig. 1d shows a schematic cross-sectional view of the semiconductor structure 100 in a later

stage of the manufacturing process.

After the run 108 of the post-treatment process, a second portion 109 of the material layer 117

can be deposited. The second portion 109 of the material layer 117 can be formed of

substantially the same material as the first portion 105. In particular, in embodiments wherein the

first portion 105 of the material layer 117 comprises silicon dioxide, the second portion 109 of the

material layer can also comprise silicon dioxide.

The second portion 109 of the material layer 117 can be formed by means of a run of a

deposition process of the same type as the deposition process employed in the formation of the

first portion 105 of the material layer 117, as schematically denoted by arrows 110 in Fig. 1d.

In the run 110 of the deposition process, at least some of the parameters of the deposition

process can substantially correspond to parameters of the deposition process employed in the

formation of the first portion 105 of the material layer 117. In particular, in embodiments wherein

the deposition process used for the formation of the first portion 105 and the second portion 109

of the material layer 117 is a chemical vapor deposition process, parameters of the chemical

vapor deposition process such as a composition of the reactant gas, a flow of components of the

reactant gas, and temperature can be substantially identical in the formation of the first portion

105 of the material layer and in the formation of the second portion 109 of the material layer.

However, a duration of the run 110 of the deposition process employed for the formation of the

second portion 109 of the material layer 117 can be different from a duration of the run 106 of

the deposition process employed for the formation of the first portion 105 of the material layer

117, so that the second portion 109 can have a different thickness than the first portion 105.

In particular, the run 110 of the deposition process can be carried out for a longer time than the

run 106 of the deposition process, so that the second portion 109 of the material layer 117 has a

greater thickness than the first portion 105, or the run 110 of the deposition process can be

carried out for a shorter time than the run 106 of the deposition process, so that the second

portion 109 is thinner than the first portion 105.

Alternatively, the durations of the runs 106, 110 of the deposition process can be substantially

identical, so that the thickness of the first portion 105 of the material layer 117 is substantially

identical to the thickness of the second portion 109 of the material layer 117.
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Fig. 1e shows a schematic cross-sectional view of the semiconductor structure 100 in a later

stage of the manufacturing process.

After the deposition of the second portion 109 of the material layer 117, a second run of the

post-treatment process can be performed, as schematically indicated by arrows 111 in Fig. 1e.

The post-treatment process performed after the deposition of the second portion 109 of the

material layer 117 can be a post-treatment process of the same type as the post-treatment

process performed after the deposition of the first portion 105 of the material layer 117. In

embodiments, at least some of the parameters of the post-treatment process can be

substantially identical in the runs 108, 111 of the post-treatment process.

In embodiments wherein the post-treatment process comprises exposing the semiconductor

structure 100 to a plasma, for example an oxygen plasma, parameters of the plasma process

such as gas composition, pressure, temperature and gas flow(s) employed in the run 111 of the

post-treatment process can substantially correspond to parameters of the run 108 of the post-

treatment process performed after the formation of the first portion 105 of the material layer 117.

Moreover, in embodiments, the duration of the run 111 of the post-treatment process can be

substantially identical to a duration of the run 108 of the post-treatment process.

In other embodiments, at least one parameter of the post-treatment process can be different in

the runs 108, 111 of the post-treatment process. For example, in embodiments wherein the

second portion 109 of the material layer 117 has a greater thickness than the first portion 105,

the run 111 of the post-treatment process can be performed for a longer time than the run 108 of

the post-treatment process, and a duration of the run 111 of the post-treatment process can be

shorter than a duration of the run 108 of the post-treatment process, if the thickness of the

second portion 109 of the material layer 117 is smaller than the thickness of the first portion 105.

Fig. 1f shows a schematic cross-sectional view of the semiconductor structure 100 in a later

stage of the manufacturing process.

After the run 111 of the post-treatment process, a material layer 112 can be formed on the

material layer 117.

The material layer 112 can comprise a high-k material having a dielectric constant greater than

the dielectric constant of silicon dioxide. In embodiments, the material of the material layer 112

can have a dielectric constant of about 10 or more. The material layer 112 can comprise hafnium
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oxide, zirconium oxide, hafnium silicate, zirconium silicate, or another high-k material, or a

mixture of one or more of such materials.

The material layer 112 can be formed by means of a deposition process schematically denoted

by arrows 113 in Fig. 1f. The deposition process 113 can be a known process for the deposition

of high-k materials, for example chemical vapor deposition and/or atomic layer deposition.

The combination of the material layer 117 that can comprise silicon dioxide and the material

layer 112 that can comprise a high-k material can form a gate insulation layer 118 of the field

effect transistor 116.

A total thickness of the gate insulation layer 118, being substantially equal to a sum of the

thicknesses of the oxidized portion 107 of the semiconductor layer 104, the first portion 105 of

the material layer 117, the second portion 109 of the material layer 117 and the material layer

112 can be greater than about 30 angstroms and/or can be in a range from about 30 angstroms

to about 80 angstroms. Such a relatively large thickness of the gate insulation layer 118 can help

reducing leakage currents in the field effect transistor 116.

Fig. 1g shows a schematic cross-sectional view of the semiconductor structure 100 in a later

stage of the manufacturing process.

A gate electrode 114 can be formed over the second material layer 112, and portions of the

oxidized portion 107 of the semiconductor layer 104, the material layer 117 and the material

layer 112 which are not below the gate electrode 114 can be removed.

The formation of the gate electrode 114 can be performed by means of well established

techniques for forming a gate electrode of a field effect transistor. In embodiments, the gate

electrode 114 can comprise one or more layers for adapting a work function of the gate

electrode 114 to the gate insulation layer 118. These layers can be provided adjacent the

second material layer 112. Moreover, in embodiments, the gate electrode 114 can be a metal

gate electrode or a fully silicided gate electrode. In other embodiments, the gate electrode 114

can be a polysilicon gate electrode.

The formation of the field effect transistor 116 can further comprise forming doped source and

drain regions (not shown) adjacent the gate electrode 114. The source and drain regions can be

formed by means of known processes comprising a formation of spacers and/or ion

implantation. The source and drain regions can be formed after the formation of the gate

electrode 114 or before the formation of the gate electrode 114.
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The subject matter of the present disclosure is not limited to embodiments wherein the material

layer comprises only two portions, which are formed separately, and wherein two runs of a post-

treatment process are performed. In other embodiments, a greater number of runs of a

deposition process can be performed, each depositing a portion of a material layer, and a run of

a post-treatment process can be performed after each run of the deposition process.

In the following, an illustrative example of an embodiment wherein three portions of a material

layer are deposited, and a post-treatment process is performed after the deposition of each

portion will be described with reference to Figs. 2a and 2b. For convenience, in Figs. 1a to 1g on

the one hand, and Figs. 2a and 2b on the other hand, like reference numerals are used to

denote like components, and elements shown in Figs. 2a and 2b can have features

corresponding to elements shown in Figs. 1a to 1g that are denoted by like reference numerals.

Fig. 2a shows a schematic cross-sectional view of a semiconductor structure 200 in a stage of a

manufacturing process. The semiconductor structure 200 comprises a substrate 101, an

insulation structure 102, layers 103, 104 of semiconductor material, a first portion 105 of a

material layer 217, a second portion 109 of the material layer 217 that is formed from

substantially the same material as the first portion 105, and an oxidized portion 107 of the layer

104 of semiconductor material that is provided between the first portion 105 of the material layer

217 and the layer 104 of semiconductor material.

These features of the semiconductor structure 200 can be formed as described above with

reference to Figs. 1a to 1e. In particular, a first run of a deposition process can be performed for

forming the first portion 105 of the material layer 217. Thereafter, a first run of a post-treatment

process can be performed for modifying the first portion 105 of the material layer 217 and/or for

forming the oxidized portion 107 of the layer 104 of semiconductor material. Thereafter, a

second run of the deposition process can be performed for forming the second portion 109 of the

material layer 217, and a second run of the post-treatment process can be performed for

modifying the second portion 109 of the material layer 217.

After the second run of the post-treatment process, a third run of a deposition process

schematically denoted by arrows 202 in Fig. 2a can be performed for forming a third portion 201

of the material layer 217. The run 202 of the deposition process used for forming the third

portion 201 of the material layer 217 can have features substantially corresponding to those of

the runs of the deposition process that are employed for forming the first portion 105 and the

second portion 109 of the material layer 217.
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In particular, the deposition process used for forming the third portion 201 can be a chemical

vapor deposition process, wherein some or all of the parameters of the chemical vapor

deposition process can be substantially identical to parameters of the chemical vapor deposition

process used for depositing the first portion 105 and the second portion 109. A duration of the

run of the deposition process employed for forming the third portion 201 of the material layer 217

can be longer or shorter than a duration of the runs of the deposition process used for forming

the first portion 105 and/or the second portion 109 for increasing or reducing the thickness of the

third portion 201 of the material layer 217 compared to thicknesses of the first portion 105 and

the second portion 109 of the material layer 217. Alternatively, the duration of the run 202 of the

deposition process employed for forming the third portion 201 of the material layer 217 can be

substantially identical to the duration of the run of the deposition process for forming the first

portion 105 of the material layer 217 and/or the run of the deposition process for forming the

second portion 109 of the material layer 217.

Fig. 2b shows a schematic cross-sectional view of the semiconductor structure 200 in a later

stage of the manufacturing process.

After the deposition of the third portion 201 of the material layer 217, a run of a post-treatment

process can be performed, as schematically denoted by arrows 203 in Fig. 2b. Features of the

run 203 of the post-treatment process can substantially correspond to those of post-treatment

processes that are performed after the deposition of the first portion 105 of the material layer

217 and after the deposition of the second portion 109 of the material layer 217. In particular, in

embodiments wherein the material layer 217 comprises silicon dioxide, the post-treatment

process 203 can be a plasma oxidation process that can be carried out by means of a

decoupled plasma source.

After the run 203 of the post-treatment process, a further material layer similar to the second

material layer 112 described above with reference to Fig. 1f can be formed on the third portion

201 of the material layer 217 and/or a gate electrode similar to gate electrode 114 described

above with reference to Fig. 1g can be formed over the second material layer 217. Alternatively,

after the run 203 of the post-treatment process, a fourth portion of the material layer 217 can be

formed on the third portion 201, and a post-treatment process for modifying the fourth portion

can be carried out. Thereafter, further deposition processes and further post-treatment

processes can optionally be carried out.

Further modifications and variations of the present disclosure will be apparent to those skilled in

the art in view of this description. Accordingly, this description is to be construed as illustrative
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only and is for the purpose of teaching those skilled in the art the general manner for carrying

out the principles disclosed herein. It is to be understood that the forms shown and described

herein are to be taken as the presently preferred embodiments.
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CLAIMS

1. A method, comprising:

depositing a first portion of a first material layer on a semiconductor structure;

performing a first run of a post-treatment process for modifying at least said first portion of said

first material layer;

after said first run of said post-treatment process, depositing a second portion of said first

material layer, said second portion being formed of substantially the same material as said first

portion; and

after said deposition of said second portion of said first material layer, performing a second run

of said post-treatment process for modifying at least said second portion of said first material

layer.

2. A method according to claim 1, further comprising:

after said second run of said post-treatment process, depositing at least one further portion of

said first material layer on said semiconductor structure, each further portion of said first material

layer being formed of substantially the same material as said first and second portion of said first

material layer and, after each deposition of one of the at least one further portion of said first

material layer, performing a run of said post-treatment process.

3. A method according to claim 1, wherein each of said deposition of said first portion of said first

material layer and said deposition of said second portion of said first material layer comprises

performing a run of a deposition process.

4. A method according to claim 3, wherein said deposition process is a chemical vapor

deposition process.

5. A method according to claim 4, wherein a material of said first and second portion of said first

material layer comprises silicon dioxide, and a reactant gas comprising silane and nitrous oxide

is used in said chemical vapor deposition process.

6. A method according to claim 4, wherein said post-treatment process comprises exposing said

semiconductor structure to a plasma, wherein said plasma is formed by an electric discharge in
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a gas having a different composition than a reactant gas used in said chemical vapor deposition

process.

7. A method according to claim 6, wherein said plasma is formed by an electric discharge in a

gas comprising oxygen.

8. A method according to claim 7, wherein said plasma is formed by means of a decoupled

plasma source.

9. A method according to claim 1, further comprising forming a second material layer on said first

material layer, said second material layer being formed of a material having a greater dielectric

constant than a material of said first material layer.

10. A method according to claim 9, wherein said material of said first material layer comprises

silicon dioxide and said material of said second material layer has a dielectric constant of about

10 or more.

11. A method according to claim 10, wherein said material of said second material layer

comprises at least one of hafnium oxide, zirconium oxide, hafnium silicate and zirconium silicate.

12. A method according to claim 1, further comprising forming a gate electrode of a field effect

transistor above said first material layer, said first material layer being located between a

channel region of said field effect transistor and said gate electrode for providing electrical

insulation between said gate electrode and said channel region.

13. A method according to claim 12, wherein said channel region comprises at least one of

silicon and germanium.

14. A method according to claim 1, wherein said post-treatment process comprises exposing

said semiconductor structure to an oxidizing ambient, wherein a portion of said semiconductor

structure adjacent said first material layer is oxidized during said first run of said post-treatment

process.

15. A method according to claim 14, wherein said oxidized portion adjacent said first material

layer has a thickness in a range from about 2 angstroms to about 6 angstroms.

16. A method according to claim 9, wherein a total thickness of said first material layer and said

second material layer is greater than about 30 angstroms.
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17. A method according to claim 9, wherein a total thickness of said first material layer and said

second material layer is in a range from about 30 angstroms to about 80 angstroms.

18. A method of forming a field effect transistor, comprising:

providing a semiconductor structure comprising a semiconductor material;

forming a gate insulation layer on said semiconductor material, wherein forming said gate

insulation layer comprises:

performing a first run of a chemical vapor deposition process to deposit a first portion of a silicon

dioxide layer on said semiconductor material;

after said first run of said chemical vapor deposition process, performing a first run of a plasma

oxidation process wherein a portion of said semiconductor material adjacent said first portion of

said silicon dioxide layer is oxidized;

after said first run of said plasma oxidation process, performing a second run of said chemical

vapor deposition process to deposit a second portion of said silicon dioxide layer on said first

portion of said silicon dioxide layer; and

after said second run of said chemical vapor deposition process, performing a second run of

said plasma oxidation process;

the method further comprising:

forming a gate electrode above said gate insulation layer.

19. A method of forming a field effect transistor according to claim 18, wherein forming said gate

insulation layer further comprises forming a layer of a material having a greater dielectric

constant than silicon dioxide on said silicon dioxide layer.

20. A method of forming a field effect transistor according to claim 19, wherein forming the gate

insulation layer further comprises:

after said second run of said plasma oxidation process, performing one or more runs of said

chemical vapor deposition process to deposit one or more further portions of said silicon dioxide

layer, wherein a run of said plasma oxidation process is performed after each run of said

chemical vapor deposition process.


