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(57) ABSTRACT 
A method for reducing defects from an active layer is dis 
closed. The active layer may be part of a semiconductor in a 
semiconductor device. The active layer may be defined at 
least laterally by an isolation structure, and may physically 
contact an isolation structure at a contact interface. The iso 
lation structure and the active layer may abut on a common 
Substantially planar Surface. The method may include provid 
ing a patterned stress-inducing layer on the common Substan 
tially planar Surface. The stress-inducing layer may be 
adapted for inducing a stress field in the active layer, and 
induced stress field may result in a shear stress on a defect in 
the active layer. The method may also include performing an 
anneal step after providing the patterned stress-inducing layer 
on the common Substantially planar Surface. The method may 
additionally include removing the patterned stress-inducing 
layer from the common Substantially planar Surface. 
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METHODS FOR MANUFACTURING 
SEMCONDUCTOR DEVICES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority to European Patent Appli 
cation No. 12196929.9 filed on Dec. 13, 2012, the contents of 
which are hereby incorporated by reference. 

TECHNICAL FIELD 

The present disclosure relates to methods for manufactur 
ing semiconductor devices. In certain aspects, it relates to 
methods for manufacturing active layers of semiconductor 
devices, as for instance channel layers of transistor devices 
with a reduced level of defects and improved performance. 

BACKGROUND 

Hetero-epitaxial growth of a semiconducting material, 
e.g., silicon germanium (SiGe) or germanium (Ge), on 
another semiconducting material, e.g., silicon (Si), often 
results in defects, for instance dislocations, due to, for 
instance, the mismatch in lattice constants. 

Growth in confined spaces, as performed with the tech 
nique of Aspect Ratio Trapping (ART), can reduce defects 
that are growing near the edges of the confined space (e.g., 
towards a shallow trench isolation (STI)). See, e.g., Bai, J. et 
al., Study of the defect elimination mechanisms in aspect ratio 
trapping Ge growth, Applied Physics Letters, Volume 90. 
Issue 10, ID. 101902 (2007). This technique does not provide 
a solution for reducing defects as for instance dislocations 
near the center of the active device or active device layer. The 
presence of defects, as for instance dislocations, in an active 
device layer, as for instance a channel layer of a transistor 
device, is especially a concern for FinFETs and similar 
devices, wherein high mobility channel materials are inte 
grated onto Silicon wafers. 

SUMMARY 

It is an aim of the present disclosure to provide a method for 
reducing defects, for instance dislocations, for instance 
threading dislocations, from at least one active layer, the 
active layer being part of a semiconductor device, or of a 
semiconductor in a device, and the active layer at least later 
ally being defined by an isolation structure and being physi 
cally in contact therewith by means of a contact interface, the 
isolation structure and the active layer(s) abutting on a com 
mon Substantially planar Surface. 

This aim is achieved according to the disclosure with the 
method showing the technical characteristics of the first inde 
pendent claim, namely: 

providing a patterned stress-inducing layer on the common 
Substantially planar Surface, the stress-inducing layer 
being adapted for inducing a stress field in the active 
layer, the induced stress field resulting in a shear stress 
on defects, for instance dislocations as for instance 
threading dislocations, present in the active layer, 

performing an anneal step after providing the patterned 
stress-inducing layer on the common Substantially pla 
nar Surface, thereby optionally inducing a movement of 
the defects, for instance, dislocations, towards the con 
tact interface; and 

removing the patterned stress-inducing layer from the 
common Substantially planar Surface. 
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2 
It is an advantage of the present disclosure that defects, 

Such as, for instance, dislocations, can be strongly reduced or 
completely removed from an active layer of a semiconductor 
device. 

It is a further advantage that defects can be strongly 
reduced or completely removed from a central region of an 
active semiconductor device layer. 
An active device layer of a semiconductor device can be a 

layer in which charge carriers flow from one electrode to 
another, whereby the flow can be controlled either inherently, 
like a diode, or explicitly, e.g., the Source to the drain in a field 
effect transistor (FET), whereby the flow of charge is con 
trolled by a gate. An active layer or layer Stack can comprise 
an electrically controllable material. Such as a semiconductor 
material, configured to provide an electrical function, such as 
a diode function, or whose electrical conductivity can be 
modulated by a control electrode Such as a gate. 

For the purpose of the present disclosure, a dislocation can 
be a crystallographic line defect, or irregularity, within a 
crystal structure. The crystallographic line defect can be for 
instance a threading dislocation. 

It will be appreciated that the actual required stress would 
depend upon the device dimensions, materials, and annealing 
temperatures. According to preferred embodiments, the 
intrinsic stress in the patterned stress-inducing layer is 
between about 100 MPa and about 5 GPa. Either compressive 
or tensile stresses can be used. 

In preferred embodiments of the present disclosure, the 
active device layer is a Gelayer, or may comprise Ge. It can 
be a SiGe layer. According to preferred embodiments, the 
active device layer is or comprises SiGe wherein X is 
between 0 and 0.8, or between 0 and 0.7, or between 0 and 0.6, 
or between 0 and 0.5, or between 0 and 0.4, or between 0 and 
0.3, or between 0 and 0.2. 

In alternative embodiments, it can be a silicon layer, or may 
comprise silicon. In alternative embodiments, the active 
device layer is or comprises germanium-tin (GeSn) alloys, 
III-V materials as, for instance, gallium nitride (GaN), gal 
lium arsenide (GaAs), indium arsenide (InAs), indium anti 
monide (InSb), indium phosphide (InP), or ternary or quater 
nary III-V compounds. 

It will be appreciated that active layers of final semicon 
ductor devices. Such as, for instance, FET transistor devices, 
are typically mono-crystalline. 

In preferred embodiments of the present disclosure, the 
active layer is crystalline when applying the patterned stress 
inducing layer on the common Substantially planar Surface. 

In preferred embodiments of the present disclosure, the 
active layer is amorphous when applying the patterned stress 
inducing layer on the common Substantially planar Surface. 

In preferred embodiments of the present disclosure, the 
method further comprises a process of amorphizing the active 
layer before providing the patterned stress-inducing layer on 
the common Substantially planar Surface, and the anneal step 
is performed at a temperature suitable for recrystallizing the 
amorphized active layer under the induced stress, while being 
low enough in order not to allow excessive relaxation of the 
stress-inducing layer. 
The amorphization can be performed by any state of the art 

techniques known to the skilled person. The amorphization 
can, for instance, comprise an implantation process, such as, 
for instance, ion implantation. 

It has been found that amorphizing the active layer and 
performing the anneal step at a temperature Suitable for 
recrystallizing the amorphized active layer under the induced 
stress (e.g., induced stress at annealing temperature), while 
being low enough in order not to allow excessive relaxation of 
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the stress-inducing layer, will result in less threading dislo 
cations, as the threading dislocations will be deviated towards 
the contact interface with the isolation structures during 
regrowth. This can lead to a better quality of the active layer. 

In preferred embodiments according to the present disclo 
Sure, the patterned stress-inducing layer comprises silicon 
nitride (SiN). In embodiments according to the present inven 
tion, the patterned stress-inducing layer comprises any of or 
any combination of SiN. titanium nitride (TiN), tungsten (W), 
silicon oxide (SiO), hafnium oxide (H?O), aluminum oxide 
(Al2O), and mixed oxides such as hafnium silicates and/or 
hafnium aluminates. 

According to preferred embodiments of the present inven 
tion, the thickness of the patterned stress-inducing layer is 
between about 5 and about 100 nm, more preferably between 
about 10 and about 30 nm. 

According to preferred embodiments, the method further 
comprises providing at least one screening layer in between 
the patterned stress-inducing layer and the common Substan 
tially planar Surface, the screening layers being adapted for 
screening part of the stress field induced by the patterned 
stress-inducing layer, Such that the stress field in the active 
layer is of a sign and magnitude conducive to defect (for 
instance dislocation) movement in the active layer towards 
the contact interface during the anneal step. One, two, or a 
plurality of Screening layers can be provided. 

It is an advantage that by using the at least one screening 
layer, the stress field induced by the patterned stress-inducing 
layer in the active layer, for instance its direction and/or 
uniformity, can be better controlled. 
By appropriately choosing the at least one screening layer 

and stress-inducing layer, for a certain active device layer, it is 
possible to generate a shear stress field which is substantially 
unidirectional in the relevant portions of the active area, and 
in certain embodiments even Substantially uniform. 

According to preferred embodiments, the at least one 
screening layer is an unpatterned, complete layer. The at least 
one screening layer preferably covers a whole front main 
Surface of an underlying Substrate. 

It has been shown that such a layer provides an improved 
performance when compared to one or more patterned 
screening layers. 

According to preferred embodiments, the at least one 
screening layer comprises a silicon dioxide (SiO2). The SiO, 
layer can be deposited by a process of the chemical vapor 
deposition (CVD) type or atomic layer deposition (ALD) 
type. The SiO, may further comprise one or more other ele 
ment that may affect the mechanical properties of the oxide as 
for instance the Young's modulus or shear modulus, which 
may influence the optimal thickness of the oxide. These other 
elements may for instance comprise one or more of carbon 
(C), hydrogen (H), nitrogen (N), or fluorine (F). 

According to preferred embodiments, the screening layers 
comprise a first deposited layer comprised mainly of Si and 
N, e.g., SiN. and a second deposited layer comprised mainly 
of Si and O, e.g., SiO, 

According to preferred embodiments, providing a pat 
terned stress-inducing layer on the common Substantially 
planar Surface comprises providing a unpatterned stress-in 
ducing layer and patterning the unpatterned stress-inducing 
layer by etching, and wherein the screening layer or upper 
layer of a plurality of Screening layers are adapted for acting 
as an etch stop layer for a patterned etch of the patterned 
stress-inducing layer. 

According to preferred embodiments, the combined total 
thickness of the one or more (a plurality of) screening layer(s) 
is between about 5 and about 50 nm. 
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4 
It has been shown that thicknesses lying within this range 

show optimal performance. Other thicknesses are although 
not excluded. 

According to preferred embodiments, the patterned stress 
inducing layer comprises/is a silicon nitride layer, an upper 
screening layer comprises or consists of SiO, and a lower 
screening layer comprises or consists of SiN. 

For the purpose of the present disclosure, when reference is 
made to a SiN layers, or SiN stress-inducing layers, it should 
be understood that these layers mainly comprise silicon and 
nitrogen. The silicon nitride may have a stoichiometry of 
approximately SiNa, but this may be different. These layers 
may further comprise impurity elements, as for instance C, H, 
O, as is typically the case for films deposited by industry 
standard CVD techniques. 

According to preferred embodiments, the anneal step is 
performed at a temperature between about 450° C. and about 
1100° C. According to preferred embodiments, the anneal 
step is performed at a temperature between about 500° C. and 
about 650° C. 

According to preferred embodiments, the duration of the 
anneal step is chosen appropriately such that the defects, for 
instance, dislocations, have enough time to move to the con 
tact interface. The duration can be from one or more milli 
seconds up to a few, e.g., about 6 hours. Typically, relatively 
low temperatures will require relatively long durations. The 
duration is typically a function of the active layer dimension 
and typical defect or dislocation movement Velocity. 

According to preferred embodiments, the method further 
comprises removing the SiN patterned stress-inducing layer 
in an aqueous Solution comprising phosphoric acid, removing 
the upper screen layer in an aqueous solution containing 
hydrofluoric acid, and removing a SiN lower screen layer in 
an aqueous Solution containing phosphoric acid. In a particu 
lar embodiment, two screen layers (SiOX/SiN) are combined 
with a SiN patterned stress-inducing layer. The upper screen 
layer (SiOx) serves as an etch stop for the SiN patterned 
stress-inducing layer. The lower screen layer (SiN) then 
serves as an etch stop layer for the upper SiO, Screen layer and 
protects the isolation oxide that is below it. Finally, the lower 
screen SiN screen layer is removed with a short etch in hot 
phosphoric acid. 

According to preferred embodiments, the isolation struc 
ture comprises SiOX. The isolation structure may for instance 
comprise or consist of a shallow trench isolation (STI) struc 
ture. The STI structure may comprise or consist of silicon 
oxide. 

According to preferred embodiments, the common planar 
surface is prepared by Chemical Mechanical Polishing 
(CMP). 

According to preferred embodiments, wherein providing a 
patterned stress-inducing layer comprises providing a stress 
inducing layer and patterning the stress-inducing layer, and 
wherein the patterning of the patterned stress-inducing layer 
defines features on the common Substantially planar Surface 
with boundaries which are substantially parallel to bound 
aries of the active layer. These substantially parallel bound 
aries lie at close distance from the boundaries of the active 
layer, Such as, for instance, within a distance Smaller than 
about 30 nm. 

In another view, the projection of the patterned stress 
inducing layer on the common Substantially planar Surface 
defines boundaries which are at least partially substantially 
parallel, or substantially parallel, to boundaries of the active 
layer, the Substantially parallel boundaries lying at close dis 
tance from the boundaries of the active layer, such as, for 
instance, within a distance smaller than about 30 nm. The 
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projection is preferably an orthogonal projection on the com 
mon main Surface. It can be an orthogonal projection on a 
main Surface of an underlying Substrate. 
The patterned stress-inducing layer may define a plurality 

of stress-inducing structures. Some of these structures may be 
connected to other stress-inducing structures. It will be appre 
ciated that for connected stress-inducing structures, their 
respective stress field can be dependent. Some of these struc 
tures may be disconnected from any other stress-inducing 
structures. The patterned stress-inducing layer may define a 
plurality of disconnected structures. It will be appreciated that 
for disconnected stress-inducing structures, the respective 
stress fields are substantially independent. 

Advantageously, the stress-inducing layer, or the respec 
tive stress-inducing structures, is provided at locations close 
to the boundaries of the active device layers, to provide an 
optimal effect. According to preferred embodiments the 
stress-inducing layer, or the stress-inducing structures, define 
boundaries, the projections of which are lying Substantially 
parallel to the boundaries of the active device layer. It will be 
appreciated that an active device layer can be a channel layer 
of a transistor device. The transistor device can be of the 
planar or non planar type. A transistor device of the non 
planar type can be for instance a transistor of the FinFET type 
or a similar type as known to the skilled person. It can typi 
cally have a longitudinal shape. The projected boundaries of 
the active device layer on the common main Surface, or on a 
main Surface of the underlying Substrate, can be, for instance, 
rectangular, rectangular with rounded corners, elliptical, or 
any other shape known as Suitable to the skilled person. 
The projected boundaries of the patterned stress-inducing 

layer may be substantially parallel, or at least partially sub 
stantially parallel, with respective boundaries of active device 
layer, and may include a plurality of Substantially parallel 
sections with a length corresponding to active device layer 
length, for instance, the channel layer length. 

According to preferred embodiments, adjacent projected 
substantially parallel boundaries of the patterned stress-in 
ducing layer are positioned within a distance Smaller than 
about 30 nm from different adjacent neighboring channel 
layers. 

This provides the advantage that alignment requirements 
can be relatively loose, as explained as follows. One can 
consider adjacent channel regions (example of an active 
device layer), both being longitudinal and Substantially rect 
angular shaped in projection, the boundaries of the same or 
different channel regions along the length direction being 
Substantially parallel. A single stress-inducing structure (e.g., 
also rectangular in projection) can be applied, acting on 
boundaries in the length direction of different adjacent chan 
nel regions. While adjacent projected substantially parallel 
boundaries of the patterned stress-inducing layer are posi 
tioned within close distance from different adjacent neigh 
boring channel layers, such as, for instance within a distance 
Smaller than about 30 nm, the single stress-inducing structure 
itself can extend over at least one of the adjacent channel 
regions. The stress-inducing structure can thus have a width 
which is equal to or larger than the distance between the two 
adjacent active channel regions. The stress-inducing structure 
can have a width which is larger than the combined width of 
two adjacent channel regions and the associated inter-dis 
tance (i.e., the separation distance between the two adjacent 
channel regions). The requirement of “closeness', of the 
boundaries of channel region boundary and stress-inducing 
layer/stress-inducing structure boundary, e.g., the require 
ment of lying within a range of less than about 30 nm, applies 
to each of the boundaries independently. Moreover, devia 
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6 
tions within this range do not substantially impact the effect 
of the method according to aspects of the present invention. 

According to preferred embodiments, the patterned stress 
inducing layer is provided fully on an isolation structure, for 
instance an STI structure. 

According to preferred embodiments, the patterned stress 
inducing layer is provided at least partially on the active 
region, for instance, at least partially overlapping the active 
region. 

According to preferred embodiments of the present inven 
tion, the patterned stress-inducing layer can be provided Such 
that it is Suitable for avoiding or reducing the generation of 
two partial dislocations from misfit dislocations, wherein 
providing a patterned stress-inducing layer comprises provid 
ing a stress-inducing layer and patterning the stress-inducing 
layer, and wherein the patterning of the patterned stress 
inducing layer defines features on the common Substantially 
planar surface, the features being defined laterally by parallel 
longitudinal boundaries, the parallel longitudinal boundaries 
forming an angle different from 0° or 180°, with the contact 
interface between the active layer and the isolation structure. 

In another view, the projection of the patterned stress 
inducing layer on the common Substantially planar Surface 
defines parallel longitudinal boundaries forming an angle 
different from 0° or 180°, with the contact interface between 
the active layer and the isolation structure. The projection is 
preferably an orthogonal projection on the common main 
Surface. It can be an orthogonal projection on a main Surface 
of an underlying Substrate. 

According to preferred embodiments, these features com 
prise a set of substantially parallel rectangular stripes defined 
by the substantially parallel longitudinal boundaries. 
The density of the pattern formed by the set of substantially 

parallel rectangular stripes, i.e., the number of stripes per 
distance unit along a direction which is Substantially orthogo 
nal with respect to the longitudinal direction of the active 
layers or regions, is preferably in the same order as the density 
of the active layers (as for instance fin structures), i.e., number 
of active regions per distance unit along a direction which is 
Substantially orthogonal with respect to the longitudinal 
direction of the active regions. 

Preferably, the active layer is a Si, Geor SiGe layer with a 
(001) crystal orientation, the contact interface between the 
active layer and the isolation structure is oriented along the 
<110> direction of the active layer, and an angle C. is within 
the range of about 8.43° to about 28.43, more preferably 
within the range of about 13.43° to about 23.43°. According 
to preferred embodiments, the angle C. is about 18.43°. 

According to preferred embodiments, the stress-inducing 
structures extend over at least two adjacent active layers. 

According to further embodiment of the present invention, 
the method according to any of the previous embodiments 
further comprises one or more iterations of the steps of 

providing a patterned stress-inducing layer on the common 
Substantially planar Surface, the stress-inducing layer 
being adapted for inducing a stress on the active layer, 
the induced stress resulting in a shear stress on defects, 
e.g., dislocations, present in the active layer, 

performing an anneal step, and; 
removing the patterned stress-inducing layer from the 
common planar Surface. 

According to preferred embodiments, the respective pat 
terned stress-inducing layers comprise a different predeter 
mined pattern, and the combination of stresses induced by the 
Subsequent stress-induced layers induces a movement of said 
defects, e.g., dislocations, towards the contact interface. 
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According to preferred embodiments, the method may fur 
ther comprise performing a CMP process after a last iteration 
of the removal of the patterned stress-inducing layer and 
optionally screen layer(s) (if applicable). 

According to preferred embodiments, the method further 
comprises performing a CMP process after the removal of the 
patterned stress-inducing layer, or at each iteration thereof. 

According to preferred embodiments, any of the above 
methods further may comprise a step of removing an upper 
part of the active layer. This may provide the advantage that 
defects remaining in the upper part of the active layer, due for 
example, to excessively high stress or stress applied in the 
wrong direction, could be effectively removed. Thus, the 
remaining, high crystal-quality part of the active layer is 
available for the fabrication of devices. For the purpose of the 
present disclosure, whenever ranges are defined, it is intended 
to disclose these ranges in their closed, open, and two half 
open forms. All these options are meant to be disclosed even 
if the term “between is used in the context of defining such 
ranges. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The disclosure will be further elucidated by means of the 
following description and the appended figures. 

FIG. 1 illustrates a wafer after processing of a standard STI 
module. 

FIG. 2 illustrates a first embodiment of the present inven 
tion. 

FIG. 3 illustrates a further embodiment of the present 
invention. 

FIG. 4 illustrates a further embodiment of the present 
invention. 

FIGS. 5-9 show simulation results supporting embodi 
ments of the present invention. 

FIGS. 10-12 illustrate embodiments according to the 
present invention. 

FIG. 13 illustrates the concept of misfit dislocation disso 
ciation. 

FIG. 14 illustrates an embodiment of the present disclo 
SUC. 

DETAILED DESCRIPTION 

The present disclosure will be described with respect to 
particular embodiments and with reference to certain draw 
ings but the disclosure is not limited thereto but only by the 
claims. The drawings described are only schematic and are 
non-limiting. In the drawings, the size of Some of the ele 
ments may be exaggerated and not drawn on Scale for illus 
trative purposes. The dimensions and the relative dimensions 
do not necessarily correspond to actual reductions to practice 
of the disclosure. 

Furthermore, the terms first, second, third and the like in 
the description and in the claims, are used for distinguishing 
between similar elements and not necessarily for describing a 
sequential or chronological order. The terms are interchange 
able under appropriate circumstances and the embodiments 
of the disclosure can operate in other sequences than 
described or illustrated herein. 

Moreover, the terms top, bottom, over, under and the like in 
the description and the claims are used for descriptive pur 
poses and not necessarily for describing relative positions. 
The terms so used are interchangeable under appropriate 
circumstances and the embodiments of the disclosure 
described herein can operate in other orientations than 
described or illustrated herein. 
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8 
Furthermore, the various embodiments, although referred 

to as "preferred are to be construed as exemplary manners in 
which the disclosure may be implemented rather than as 
limiting the Scope of the disclosure. 
The term “comprising”, used in the claims, should not be 

interpreted as being restricted to the elements or steps listed 
thereafter; it does not exclude other elements or steps. It needs 
to be interpreted as specifying the presence of the stated 
features, integers, steps or components as referred to, but does 
not preclude the presence or addition of one or more other 
features, integers, steps or components, or groups thereof. 
Thus, the scope of the expression “a device comprising A and 
B” should not be limited to devices consisting only of com 
ponents A and B, rather with respect to the present disclosure, 
the only enumerated components of the device are A and B, 
and further the claim should be interpreted as including 
equivalents of those components. 

FIG. 1 provides a schematic wafer cross section after a 
standard shallow trench isolation flow. This comprises a base 
Substrate 1, for instance a silicon Substrate, a dielectric layer 
2 provided on a first main surface of the base substrate 1, for 
instance a SiO, layer, and a set of active layers or regions 3 
within the dielectric layer 2 that are connected to the base 
substrate 1. The active layers or regions 3 are electrically 
separated from each other by means of portions of the dielec 
tric layer 2. At this point in the process flow, the active layers 
or regions 3 are typically comprised of the same material as 
the base substrate, which is typically Si. 

In FIG. 2, a process flow according to embodiments of the 
present invention is disclosed. The active layers or regions 3 
of FIG. 1 are recessed by, for instance, etching the Si in the 
trenches. Then, selective epitaxial growth of Geor SiGe is 
performed within the trenches, to define an active device area 
30, layer or structure. Optionally, an anneal step can be per 
formed. A planarization step such as for instance a CMP step 
may be performed, in order to remove SiGe (or Ge) over 
growth above the trench opening, and to provide a planar 
Surface 23, which can be seen as a common Substantially 
planar surface for the active device layer or active layer. For 
illustrative purposes, only one threading dislocation line31 is 
indicated per active device area 30. 
A stress-inducing layer 4 is then provided on top of the 

common planar Surface 23, for instance, a stressed SiN layer 
or film can be deposited. The stressed SiN layer is then pat 
terned using standard lithography and etching techniques. 
An anneal step is then performed attemperatures sufficient 

to allow the movement of threading dislocations 31 towards 
the interface 32 between the active device layer 30 and the 
isolation structure 2. However, the anneal temperature should 
not be so high as to allow excessive relaxation of the patterned 
stress-inducing layer. Typical annealing temperatures are 
between about 450° and about 1100° C., depending upon the 
geometry of the structure and the composition of the active 
lines. The patterned stress-inducing layer is then removed or 
stripped using standard techniques as for instance by means 
of etching with hot phosphoric acid for a SiN stressed film. 
Optionally, a planarizing step as a CMP process can be per 
formed now to remove any topography or damage from 
inserted processing. Standard downstream processing can 
then further be performed. 

In FIG. 3 a further embodiment is depicted, wherein a 
single Screening layer 5 is provided in between the stress 
inducing layer 4 and the common Substantially flat surface 23. 
The screening layer can for instance be or comprise silicon 
oxide or silicon nitride. 

In FIG. 4 a further embodiment is depicted, wherein a 
plurality of screening layers, for instance, two screening lay 
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ers 51 and 52, are provided in between the stress-inducing 
layer 4 and the common substantially flat planar surface 23. 

In FIG. 5 simulation results are depicted which illustrates 
the nature of the shear stress fields being induced by the 
stress-inducing layer 4 for the case corresponding to FIG. 4. 
wherein a Ge active layer 30 within a SiO, dielectric layer 2 
is subjected to stress induced by a 20 nm thick stress-inducing 
layer of SiNata intrinsic stress of 2 GPa. The first screening 
layer 51 comprises a SiN, having a thickness of 10 nm. The 
second screening layer 52 comprises a SiO, also having a 
thickness of 10 nm. 

It can clearly be seen that the screening layers indeed 
screen off a portion of the stress field, such that the comple 
mentary portion in the active layer 3 is in a shear stress State 
of largely constant sign (negative in this case). As the direc 
tion of movement of a dislocation is determined by the sign of 
the applied shear stress, having a Substantially constant sign 
for the shear stress down the depth of the active layer 3 insures 
that the dislocation is consistently moving in the same direc 
tion (either left or right, depending upon the burgers vector of 
the dislocation) along the depth of the active line. 

Note that the screen layers 51,52(e.g. SiO, SiN) under the 
stress-inducing layer 4 are unpatterned, and serve to better 
“absorb the top sign of the shear stress, allowing only a 
single sign for shear stress in the active layer. The active layer 
can, for instance, be a fin of a transistor device Such as, for 
instance, a FinFET device. 

According to preferred embodiments, the total thickness of 
the screening layers is about 20 nm, which is believed to be 
sufficient, but it may be thicker or thinner than 20 nm. As an 
example, FIG. 6 depicts the same conditions as FIG.5, but the 
screen nitride is thinned to 5 nm, for a total screening layer 
thickness of 15 nm. Depositing a first screening layer 51 
comprising a SiN and then a second screening layer 52 com 
prising the SiO, before the stress-inducing layer 4, allows the 
SiO to be an etch stop layer for the removal of the stress 
inducing layer 4, and allows the screen nitride to be an etch 
stop for removal of the screen oxide while protecting the 
dielectric layer 2, e.g. the STI structure. 

In FIG. 7, simulation results are shown for the same con 
ditions as for FIG. 5, but without the 10 nm screening oxide 
and 10 nm screening nitride layers. Here, high levels of posi 
tive and negative shear stress are seen in the active layer, e.g. 
in the channel layer 30. While eliminating the screen layers 
allows the shear stress to be induced in the deeper, lower part 
of the active layer, the direction of the shear stress at the top or 
upper part of the active layer is different than in the rest of the 
line. According to certain embodiments of the present disclo 
Sure, the method may further comprise a step of removing the 
upper part of the active layer. It can be removed, for instance, 
by etching or polishing (e.g. CMP). Optionally, the upper part 
of the active layer can be replaced with a different material, 
e.g., a new upper part can be provided on the lower part. The 
different material can, for instance, comprise a high mobility 
channel material having a high electron and/or hole mobility. 
The removal can be performed for instance after removal of 
the stress-inducing layer or after the removal of the screening 
layer if present. 

Preferably, the mask boundary for the stress-inducing layer 
4 with unpatterned screen layer 5, 51, 52 is provided over the 
active layer (as for instance over fin), but it is an advantage 
that the results are not substantially influenced by small 
deviations there from as, for instance, due to photolithogra 
phy registration errors. The alignment of the respective 
boundary of the stress-inducing layer 4 with the interface 32 
is shifted 10 nm to the right in FIG. 8 as compared to FIG. 5. 
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10 
Conditions are the same as for FIG. 5. Despite the 10 nm shift 
in photolithography registration, the stress field in the Ge 
active layer is similar. 

FIG. 9 shows further simulation results for embodiment 
using a single, unpatterned screening layer, here an unpat 
terned SiO. Here, the same conditions are used as in FIG. 5, 
but only a single 20 nm SiO, Screen layer is used. Once again, 
shear stress levels in the Gelayer are similar to that for FIG. 
5. 

In FIGS. 10, 11, and 12, different embodiments according 
to the present disclosure are depicted, whereby different rela 
tive orientation and dimensioning of stress-inducing layer 4 
and active layer or active regions 30 are considered. In FIG. 
10 the shear stress is maximized in the active layer 30, 
whereby the stress-inducing layer 4 (or layer structure) par 
tially overlaps with each of two adjacent active layers or 
regions 3. The boundaries of the stress-inducing layer 4 are 
thereby for instance positioned in the middle of the respective 
active layers 3. 

In FIG. 11 the stress-inducing layer 4 (or layer structure) 
completely overlaps with each of two adjacentactive layers or 
regions 30. Such overlap is asymmetrically with respect to 
active layers or regions 3. 

In FIG. 12 a further embodiment is depicted, wherein the 
stress-inducing layer 4 is provided in between the active 
layers 3 only, i.e. is provided on the isolation or dielectric 
layer only. 

Preference between embodiments as described in FIGS. 
10, 11, and 12 and other embodiments will be an issue of 
optimization of lithographic, integration, and dislocation 
reduction constraints. 

It will be appreciated that the skilled person is able to derive 
appropriate durations of the anneal step, given a predeter 
mined process. This can for instance be based on active layer 
material and dimension, material systems used, magnitude of 
induced shear stress, and temperature of the anneal step. 
Background information can for instance be retrieved in 
“Velocities of Individual Dislocations in Germanium, J. R. 
Patel and P. E. Freeland, Journal of Applied Physics, 42, 
3298-3303 (1971) (“PATEL). 

Table 1 illustrates dislocation velocity calculations in Geat 
temperatures of 500° C. and 580°C., based on the model and 
data in "PATEL. Here, the relation V-V(tau/tau)" is used, 
wherein V is dislocation velocity, tau is resolved shear stress, 
and Vo, tauo, and mare fitting parameters in the equation. The 
values for Vo, tauo, and mare temperature and material depen 
dent. For example, at 500° C., a 1 nm/s dislocation movement 
velocity is achieved at an approximately 1.5 MPa shear stress 
for germanium. For the same material system, at a tempera 
ture of 580°C., the same 1 nm/s dislocation movement veloc 
ity is achieved with only a 50 kPa shear stress. 

TABLE 1 

Temperature 
(° C.) 

500 S8O 

vo (nmis) 400 SOOO 
tauo (MPa) 10 10 

l 3.2 1.6 

tau (MPa) V (nms) V (nms) 

10 400.OOO SOOOOOO 
5 43528 1649.385 
3 8.489 728.390 
2 2.319 380.731 
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TABLE 1-continued 

1 O.252 125.594 
O.S O.O27 41.431 
O.3 O.OOS 18.296 
O.2 O.OO1 9.S64 
O.1 O.OOO 3.155 
O.OS O.OOO 1.041 
O.O3 O.OOO O460 
O.O2 O.OOO O.240 
O.O1 O.OOO O.O79 

In the embodiment described above, the active layer was of 
originally of crystalline nature, and the stress-inducing layer 
or layers and optional screening layer(s) are formed directly 
on this crystalline active layer. 

According to alternative embodiments of the present 
invention, the active layer can be amorphous when applying 
the patterned stress-inducing layer on the common Substan 
tially planar Surface. The active layer may be crystalline origi 
nally, and can be amorphized, i.e., can be made amorphous on 
purpose, for instance, by a dedicated implantation process. 
The anneal step can then advantageously be performed at a 
temperature Suitable for recrystallizing the amorphized active 
layer under the induced stress, while being low enough in 
order not to allow excessive relaxation of the stress-inducing 
layer. For instance, for Ge, the temperature is preferably 
within the range of about 400° to about 700° C.; a typical 
temperature could be about 500° C. For SiGe and Si, the 
temperature is preferably within the range of about 500° C. to 
about 800° C.; a typical temperature could be for instance 
about 600° C., for instance for SiGe comprising about 80% 
Ge. 
The amorphization can be performed by any state of the art 

techniques known to the skilled person. The amorphization 
can for instance comprise an implantation process as for 
instance ion implantation. 

It has been found that amorphizing the active layer and 
performing the anneal step at a temperature Suitable for 
recrystallizing the amorphized active layer under the induced 
stress (e.g., induced stress at annealing temperature), while 
being low enough in order not to allow excessive relaxation of 
the stress-inducing layer, will result in less threading dislo 
cations, as the threading dislocations will be deviated towards 
the contact interface with the isolation structures during 
regrowth. This can lead to a better quality of the active layer. 
A typical process flow for producing a FET transistor 

device based on embodiments of the present invention is 
described below, in which the amorphizing step and associ 
ated limitation on the anneal step are optional. 
A standard STI structure is used as a starting point. The 

active silicon portion is recessed. Then a selective epitaxial 
growth of SiGe or Ge is performed. 
An anneal step is then advantageously applied to remove 

part of the threading dislocation present in the SiGe or Ge 
layer. A CMP process is then performed in order to remove 
SiGe overgrowth and recover the common substantially pla 
nar Surface. Optionally an amorphizing implant is now per 
formed into the SiGe or Ge layer. For instance, a typical 
amorphizing implant can be a Ge implant, with an energy of 
about 100 keV, and a dose of about le15 cm. One or more 
screening layers are then deposited, e.g., SiN, then SiO. A 
stress-inducing layer of SiN can then be deposited on top, and 
can then be patterned by standard lithography and etching 
techniques. An anneal step is then performed to remove dis 
locations in the active area, whereby the anneals step is 
optionally at a temperature which is sufficient to recrystallize 
the active layer under stress, in this option preferably under 
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12 
shear stress, but which is not too high as to not allow excessive 
relaxation (e.g., relaxation by more than 10%, more than 
20%, more than 30%, more than 40%, more than 50%, more 
than 60%, more than 75%, more than 90%, more than 95%, 
more than 99%) of the stress exerted by the stress-inducing 
layer and, if present, the screening layer(s) at the annealing 
temperature. The duration of the anneal step can be for 
instance within the range of a few seconds to about 30 min 
utes. The stress-inducing layer(s) is tripped (for instance, by 
using hot phosphoric acid for SiN), as well as the screening 
layer(s), by state of the art techniques. Optionally, a further 
CMP step can be applied on the front surface in order to 
remove any topography or damage with could possible have 
been generated by the process. Further, standard processing 
can be applied. 
The above examples illustrate how aspects of the present 

invention are suitable for removing defects from an active 
layer of a semiconductor device, especially how threading 
dislocations can be removed from an active layer. 

Another type of dislocations however, misfit dislocations, 
generated during strain relaxation in the active layer, can 
sometimes dissociate into two partial dislocations. The left 
figure of FIG. 13 illustrates a perfecta/2 101 dislocation 101 
in planes 111. The right figure of FIG. 13 illustrates the 
dissociation of a perfecta/2 101 dislocation 101 in the planes 
111 in a 30° partial dislocation and a 90° partial dislocation. 
As soon as those partial dislocations are separated from each 
other, stacking faults in the planes 111 are formed. Those 
defects are planar and are fixed. They cannot be manipulated 
by any of the previously described thermal anneal steps. 
Stacking faults are formed along the trenches defined by the 
contact interface between the active layer and its adjacent 
isolation structures, and cannot be removed afterwards. 

Therefore, a further aspect of the present invention is 
directed to reducing or avoiding the occurrence of the two 
partial dislocations and thus stacking faults from misfit dis 
locations. 

In order to get defect free trenches filled with relaxed Geor 
SiGe, the stacking faults formation is avoided, or the prob 
ability of its occurrence reduced, from the beginning. 

Such stacking faults are formed when the two partial dis 
locations get separated from each other after initial perfect 
dislocation dissociation, the 30° and the 90° partial disloca 
tions. The separation occurs when the difference of stress is 
too important between the one applied on the 30° and on the 
90° partial dislocation. The 90° partial dislocation has a rela 
tively higher stress since it has the same directions than the 
shear stress applied on the planes 111 by the lattice mismatch 
between the epitaxial active layer and the substrate. 

In order to reduce the difference of stress on the two partial 
(30° and 90°) dislocations, an additional shear stress is 
applied on the 30° dislocation in order to compensate this 
difference. It will then avoid the separation of the perfect 
dislocation. The additional shear stress can be applied by a 
stress-inducing layer, possibly combined with a screening 
layer as described for any of the other embodiments of the 
present invention, at least partially covering the active layer. 
The stress-inducing layer and the provisioning thereof can be 
as described in any of the other embodiments, but is prefer 
ably patterned in a different way. Preferably, the patterned 
stress-inducing layer defines features on the common Sub 
stantially planar Surface, the features being defined laterally 
by parallel longitudinal boundaries, the parallel longitudinal 
boundaries forming an angle O. different from about 0° or 
about 180° with the contact interface between said active 
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layer and said isolation structure. Preferably, the set of paral 
lel rectangular stripes is defined by the parallel longitudinal 
boundaries. 

The density of the pattern formed by the set of parallel 
rectangular stripes, i.e., the number of stripes per distance 
unit along a direction which is substantially orthogonal with 
respect to the longitudinal direction of the active layers or 
regions, is preferably in the same order as the density of the 
active layers (as for instance fin structures), i.e., number of 
active regions per distance unit along a direction which is 
Substantially orthogonal with respect to the longitudinal 
direction of the active regions. An example of a pattern of 
Such a stress-inducing layer is depicted in FIG. 14. 

According to preferred embodiments, when the active 
layer is a Si, Ge, or SiGe layer with a crystal orientation 
direction 110, and wherein the contact interface between the 
active layer or region 3 and the isolation structure is oriented 
along the direction of the crystal orientation direction 110 of 
the active layer or region3, the angle C. is within the range of 
about 8.43° to about 28.43°, more preferably the angle C. is 
within the range of about 13.43° to about 23.43°. In a pre 
ferred embodiments, the angle C. is or is about 18.43°. This 
will increase the stress level on this partial dislocation in order 
to avoid the dissociation. This range can be determined as 
follows. Growth on substrate 1 is considered with trenches, or 
contact interfaces between the active layers or regions 3 and 
the isolation structures 2 adjacent thereto, being oriented in 
the crystal orientation direction 110. If relaxation occurs only 
via dislocations, which is in a certain view ideal as the defects 
can be removed, about 60' misfit dislocation are created with 
a dislocation line along the crystal orientation direction 110 
and with a Burger vector equal to C/2101 (the angle between 
the dislocation line and the burger vector is about 60°). If to 
the contrary, relaxation occurs via Stacking Faults formation 
(not ideal, since these are fixed defects), this is due to the 
dissociation of the later about 60° relaxation into two about 
30° and about 90° partial dislocations and the further separa 
tion of them, due to a higher shear stress on the about 90° 
dislocation as compared to the about 30 dislocation, because 
the 90° dislocation burger vector is in the 111 planes. The 
about 30 dislocation is still along the crystal orientation 
direction 110 with a Burger vector equal to C/6. The about 90° 
dislocation is still along the crystal orientation direction 110 
with a Burger vector equal to C/6. 

According to aspects of the present invention, an additional 
shear stress is exerted on the 30° dislocation in order to 
compensate the higher stress on the 90 dislocation. This can 
avoid 30° and 90° dislocation separation or in other words 
would make the 60 dislocation dissociation impossible. 

In order to be optimal, the additional shear stress is pref 
erably aligned with the 30 dislocation burger vectors C/6. 
The projection of this vector on the planes 111 is C/6 direc 
tion. This projected vector has then an angle of about 18.43° 
with the trench orientation. It will be appreciated by the 
skilled person that deviations of about 10°, or deviations of 
about 5°, of the angle C. would still be suitable for providing 
a substantial effect, although the effect is expected to be 
smaller for larger deviations from about 18.43°. 

What is claimed is: 
1. A method for reducing defects in an active layer of a 

semiconductor in a semiconductor device, wherein the active 
layer (i) comprises one of silicon, germanium, or silicon 
germanium, (ii) has a crystal orientation direction, (iii) is at 
least laterally defined by an isolation structure, and (iv) is 
physically in contact with the isolation structure at a contact 
interface that is oriented along the crystal orientation direc 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
tion of the active layer, wherein the isolation structure and the 
active layer abut on a common planar Surface, wherein the 
method comprises: 

providing a patterned stress-inducing layer on the common 
planar Surface, wherein (i) the stress-inducing layer is 
adapted for inducing a stress field in the active layer, (ii) 
providing the patterned stress-inducing layer defines 
features on the common planar Surface, wherein the 
features are defined laterally by parallel longitudinal 
boundaries forming an angle with the contact interface 
between the active layer and the isolation structure and 
the angle is within a range of about 8.43° to about 
28.43°, and (iii) the induced stress field results in a shear 
stress on a defect in the active layer, 

performing an anneal step after providing the patterned 
stress-inducing layer on the commonplanar Surface; and 

removing the patterned stress-inducing layer from the 
common planar Surface. 

2. The method of claim 1, wherein the at least one active 
layer is amorphous when applying the patterned stress-induc 
ing layer on the common planar Surface, and wherein the 
method further comprises amorphizing the active layer prior 
to providing the patterned stress-inducing layer on the com 
mon planar Surface. 

3. The method of claim 2, wherein the anneal step is per 
formed at a temperature Suitable for recrystallizing the amor 
phized active layer under the induced stress and to minimize 
excessive relaxation of the stress-inducing layer. 

4. The method of claim 2, wherein providing the patterned 
stress-inducing layer comprises providing a stress-inducing 
layer and patterning the stress-inducing layer, wherein pat 
terning the stress-inducing layer defines the features on the 
common planar Surface. 

5. The method of claim 1, wherein the angle is about 
18.439. 

6. The method of claim 1, wherein the patterned stress 
inducing layer comprises silicon nitride. 

7. The method of claim 1, wherein the thickness of the 
patterned stress-inducing layer is between about 5 nm and 
about 100 nm. 

8. The method of claim 1, further comprising: 
providing at least one screening layer in between the pat 

terned stress-inducing layer and the common planar Sur 
face, wherein the at least one screening layer is adapted 
for screening part of the stress field induced by the 
patterned stress-inducing layer such that the stress field 
in the active layer is of a sign and a magnitude conducive 
to defect movement in the active layer towards the con 
tact interface during the anneal step. 

9. The method of claim 8, wherein the at least one screen 
ing layer is an unpatterned, complete layer. 

10. The method of claim 8, wherein the at least one screen 
ing layer comprises a silicon oxide. 

11. The method of claim8, where the at least one screening 
layer comprises a first deposited layer comprising silicon and 
nitrogen and a second deposited layer comprising silicon and 
OXygen. 

12. The method of claim8, wherein providing the patterned 
stress-inducing layer on the common planar Surface com 
prises: 

providing an unpatterned stress-inducing layer, and 
patterning the unpatterned stress-inducing layer by etch 

ing, wherein at least one of the at least one screening 
layers is adapted for serving as an etch stop layer for a 
patterned etch of the patterned stress-inducing layer. 
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13. The method of claim 8, wherein the combined total 
thickness of the at least one screening layers is between about 
5 nm and about 50 nm. 

14. The method of claim 8, wherein the patterned stress 
inducing layer comprises: 

a silicon nitride layer, 
an upper screening layer that comprises a silicon oxide; 

and 
a lower screening layer comprises silicon nitride. 
15. The method of claim 1, wherein the active layer com 

prises a germanium layer. 
16. The method of claim 1, wherein the active layer com 

prises a SiGe layer, where x is between about 0 and about 
O8. 

17. The method of claim 1, wherein the anneal step is 
performed at a temperature between about 450° C. and about 
1100° C. 
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