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Tunnel Field Effect Transistor device and method for making the device

The current disclosure relates to a tunnel field effect
transistor device (TFET) according to the preamble of the first claim.

The present disclosure also relates to a method for

5 making the device.

Such TFET devices are already known to the person
skilled in the art. US5580696 for example describes a Tunnel Field Effect
Transistor device (TFET) made of at least following layers:

- & highly n-doped drain layer made of a drain

10 semicoenductor material,

- a highly p-doped, and thus oppositely doped with
respect to the drain layer, source layer made of a source semiconductor
material and

- a gate structure comprising a gate dislectric layer and a
15 gate electrode layer.

The gate dielectric layer extends along the source layer
while the gate electrode layer extends along the gate dielectric layer atong a
face of the gate dielectric layer opposing the face of the gate dielectric layer
facing the source layer., The gate electrode layer does not extend beyond the

20 gate dielectric layer. The device further comprises a highly counterdoped layer,
with respect to the source layer, and thus n-doped pocket layer extending in
between and along the gate dielectric layer and the source layer.

However, such a TFET does not allow efficiently
controlling with the gate the flow of charge carriers through the  substrate from

25 the source to the counterdoped layer, such that charge carriers can still
tunnel from the source to the part of the n-doped pocket layer which is not
covered by the gate electrode resulting in a worse subthreshold swing due to
an unwanted tail to the input characteristics. Another disadvantage of such a
TFET is that it cannot be manufactured without at least an epitaxial regrowth

30 {meaning an epitaxial growth which is not preceded immediately by another
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epitaxial growth) {causing a high amount of traps and thus off-state leakage
current ) or impiantation (junctions which are not sharply defined).

n “Green transistor - A VDD Scaling Path for Future
Low Power ICs" presented in the 2008 Intemational Symposium on VL3I
Technology, Systems, and Applications (VLSI-TSA), Hu et al. proposed a
similar concept for a TFET, comprising of at least the following layers:

- a highly p-doped drain layer made of a drain
semiconductor material,

- a highly n-doped source layer made of a source
semiconductor material,

- a gate structure comprising a gate dielectric layer
and a gate electrode layer,

- a pocket layer, counterdoped compared to the source
layer, extending in between and along the source layer and the gate dielectric
layer of the gate structure,

- a lowly doped channel layer made of a channel
semiconductor material situated in between the source and the drain layer.

The gate dielectric layer extends along the pocket and
channel layers while the gate electrode layer extends along the pocket layer
and the channel layer along the gate dieleclric layer adjacent to a face of the
gate dielectric layer opposing the face of the gate dielectric layer facing the
pocket and channel layers. The gate electrode layer does not extend beyond
the gate dielectric layer.

However, such a TFET does not allow tight control of
the relative location and doping of the source and pocket layers during
fabrication of the TFET, important for the operation of the device since the
device is relatively sensitive to absolute and relative doping levels and position
of pockets. Ancther disadvantage of such a TFET is that it cannot be
manufactured without at least an epitaxial regrowth (causing a high amount of
traps and thus off-state leakage current) or implantation (junctions which are
not sharply defined).

Therefore, it is an aim of the current disclosure to

provide an improved TFET device,
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This is achieved according to the TFET device of the
current disclosure according to the characterizing part of the first claim,

Thereto, the pocket layer extends to between and along
the source layer and the channel layer.

n such a configuration, an active region is defined in
the assembly of the pocket layer and the source layer where the gate dislectric
layer and the gate electrode layer are positioned along the source layer and
the pocket layer. In the active region, the desired tunneling current is
generated: after charge carriers have tunneled into the active region from the
source layer fowards the pocket layer, they are drained away through a gate-
induced low-potential-barrier fransmission layer in the channel layer near the
gate structure, and to the drain layer.

it has been found that such a configuration allows for
improved suppression of the flow of charge carriers from the source layer to
the drain layer in the region outside of the active region, which is the region
which is, usually, not gate-controfied.

it has been further found that with such devices an
improved operation becomes possible with a sudden increase in tunneling
current and a steep subthreshold slope.

Moreover, as the active region extends along where the
gate structure and the pocket layer and the source layer are positioned along
each other, a relatively wide area is obtained for the charge carriers to tunnst
towards the source layer, increasing the possible tunneling current.

Also, the presence of the pocket layer has been found
to decrease the onset voltage applied to the gate for tunneling to occur towards
the active region and has been found fo decrease the amount of field induced
quantum confinement. Therefore, unwanted tunneling of charge carriers from
the source layer directly into the channel can be for example, especially in the
presence of a leakage stop layer as explained below, avoided as the desired
tunneling into the active region already starts at a lower voltage than the
voltage needed for unwanied tunneling of charge carriers from the source layer
directly into the channel.

Also, it was found that the processing procedure 1o
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provide such a pocket layer, which is based on a selective etch, results in a
high quality of the pocket surface, onto which the gate dielectric is deposited,
meaning that it is, for example, less rough and has a lower defect density,
which is important for the operation of the device. This will be elaborated
further below.

According to preferred embodiments of the current
invention, at least part of the gate elecirode layer and the gate dielectric layer
extend along at least part of the channel layer.

According to preferred embodiments of the current
disciosure, the at least part of the gate dieleciric layer extending along the at
least part of the channel layer is in contact with the channel layer.

According to preferred embodiments of the current
disclosure, the gate electrode layer does not substantially extend along the
drain layer andfor along the drain contact electrode, if present, such as to
further avoid unwanted band-to-band tunneling in the drain layer or near the
drain-channel junction, as well as to keep an relatively small gate-drain
capacitance.

According to preferred embodiments of the current
disclosure, the source, pocket, channel and drain layers are substantially
planar and positioned on top and along each other.

However according to other preferred embodiments the
TFET has a 3 dimensional Fin-FET like architecture {Fin-TFET) and the fin-like
structure forms the source layer or the TFET is a verlical nanostructure
{nanowire) and a nanowire forms the source layer.

According to preferred embodiments of the current
disclosure, the pocket layer is an etch stop layer relative to the channel and
drain layers. It has been found that such an etch stop layer allows for an
improved method for making the TFET according to the current disclosure,
leading to, for example, a decreased pocket surface roughness, improved
pocket thickness control and more uniform onset of tunnelling in the active
area.

According to preferred embodiments of the current

disclosure, the drain layer is in electrical contact with a drain contact electrode
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andfor the source in electrical contact with a source contact electrode and/or
the gate electrode is in electrical contact with a gate contact electrode.

The disclosure also relates to a method of making the
TFET according to the disclosure.

According to preferred embodiments of the current
disclosure, a layer stack comprising the source layer, the pocket layer, the
channe! layer and the drain layer is provided, after which part of the drain layer
and the channel layer is removed up to the pocket layer, after which the gate
dielectric layer is applied to the exposed surface of the layer stack, after which
the gate electrode layer is applied 1o the gate dielectric layer.

it has been found that with such a method of making
the TFET according to the invention, the relative location and doping of the
source and pocket layer can be better controlled, which is important for the
operation of the device. It was also noted that epitaxial regrowth or
implantaticn steps can be avoided such as to avoid the oceurrence of trap
assisted tunneling or junctions which are not suitably delimited.

According to preferred embodiments of the current
disclosure, the gate electrode layer does not substantially extend along the
drain layer andfor along the drain contact electrode, if present, such as to
further aveid unwanted band-to-band tunneling in the drain layer or near the
drain-channel junction, as well as to keep a relatively smali gate-drain
capacitance.

According to preferred embodiments of the cument
disclosure, the part of the drain layer and the channel layer is removed up to
the pocket layer at least partly by etching up to an etch stop layer, preferably
by a wet or dry selective etching technique. The efch stop layer for example is
present in between and along the channel layer and the pocket layer or the
pocket layer is the etch stop layer. Preferably the material of the etch stop layer
is different from the materals in the layers around i, such as to allow for a
selective removal process.

According to preferred embodiments of the current
disciosure, the eich stop layer is the pocket layer. In such a configuration, a
single step can suffice for selectively removing the part of the drain layer and
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the channel layer up to the pocket fayer. Such a method allows to obtain an
improved surface quality of the pocket layer which is less rough and has a
fower defect densily avoiding so-called trap assisted tunneling (TAT) where
charge carriers tunnel from the source layer into the active region via traps |,
which has been found to degrade the subthreshold slope.

According to alternative embodiments of the current
disclosure, the etch stop layer is different from the pocket fayer and is removed
after etching away the part of the drain layer and the channel layer up to the
etch stop layer, for example by a selective removal method. Such a method
aliows to obtain an improved surface quality of the pocket layer avoiding so-
called trap assisted tunneling (TAT) where charge carriers tunnel from the
source layer into the active region via traps which in turn degrades the
subthreshold slope. In such configuration, the etch stop layer preferably also
functions as a leakage stop layer to prevent current flowing from source to
drain through the bulk of the layer stack. In such case the efch stop layer
preferably is made of a semiconductor material with a doping level of for
example 10" cm™ or higher such as for example between 10'® cm™ and 5.10%
cm?®, preferably between 10" cm® and 10% om™® The etch stop layer
preferably is of the same doping type {n type or p type) as the source layer.

According to preferred embodiments of the current
disclosure, especially in embodiments where the etch stop layer, if present, is
the pocket layer, a leakage stop layer is provided in between the pocket layer
and the channel layer to prevent currertt flowing from source to drain through
the bulk of the layer stack, This leakage stop layer is preferably selectively
removed partly more preferably during the selective removal of part of the drain
and channet layer. Preferably, the gate dielectric and the gate electrode run
along at least part of the leakage stop layer. The leakage-stop layer preferably
is made of a semiconductor material with a doping levet of for example 10t
em™ or higher such as for example between 10 cm® and 5.10%° om®
preferably between 10" em™® and 10%° em™, Preferably, the leakage stop layer
is of the same doping type {n type or p type) as the source layer.

According to preferred embodiments of the method

according to the current disclosure, the drain contact electrode is provided on
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top of the drain layer. In such configurations, the drain contact electrode can
for exampte be used as a mask for the etching process, for example for the wet
etching. In such a configuration, the drain contact electrode wilt for example be
underetched. 1t has been found that due to the sudden change in topography
at the drain contact electrode and the drain fayer, the gate electrode layer can
be interrupted at that location, preventing short circuiting the gate layer and the
drain layer. The gate dielectric layer, although not critical for the disclosure can
remain uninterrupted at the drain contact electrode and the drain layer.

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

Figure 1 shows a cross section of an embodiment of a
tunnel field effect transistor (TFET) according to the present disclosure,

Figure 2 shows a cross section of a different
embodiment of a tunnel field effect transistor (TFET) according to the present
disclosure.

Figure 3 shows an overview of another embodiment of
a tunnel field effect transistor (TFET) according to the present disclosure.

Figure 4 shows a cross section of another embodiment
of a tunnet field effect transistor (TFET)} according to the present disclosure.

Figures 5a — 5f show an embodiment of the method
according to the present disclosure.

In the following detailed description, numerous specific
details are set forth in order to provide a thorough understanding of the
disclosure and how it may be practiced in particular embodiments. However, i#
will be understood that the present disclosure may be practiced without these
specific details. In other instances, well-known methods, procedures and
technigues have not been described in detail, so as not to obscure the present
disclosure. While the present disclosure will be described with respect to
particular embodiments and with reference to certain drawings, the disclosure
is not limited hereto. The drawings included and described herein are
schematic and are not limiting the scope of the disclosure. It is also noted that
in the drawings, the size of some elements may be exaggerated and, therefore,

not drawn to scale for fllustrative purposes.
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The present disclosure will be described with respect to
particular embodiments and with reference to certain drawings but the
disclosure is not limited thereto but only by the claims. The drawings described
are only schematic and are non-imiting. In the drawings, the size of some of
the elements may be exaggerated and not drawn on scale for illustrative
purposes. The dimensions and the relative dimensions do not necessarily
correspond fo 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 far describing a sequential or chronological order.
The terms are interchangeable 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 purposes and not
necessarily for describing relative positions. It is to be understood that the
terms so used are interchangeable under appropriate circumstances and that
the embodiments of the disclosure described herein are capable of operation in
other orientations than described or illustrated herein,

The term “comprising”, used in the claims, should not
be interpreted as being restricted to the means listed thereafter; it does not
exclude other elements or steps. It needs to be interpreted as specifying the
presence of the staled 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 means A and B” should not be limited to
devices consisting only of components A and B.

Figure 1 shows a cross section of an embodiment of a
tunnel field effect transistor {TFET) according to the present disclosure.

More precisely figure 1 shows a Tunnel Field Effect
Transistor device (TFET) made of at least following layers:

- a highly doped drain layer 6 made of a drain

semiconductor material, e.g. with a doping level of 10™ em™ or higher such as
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for example between 10 cm™ and 5.10% em®, preferably between 107 em™
and 10°° cm™.

- a highly doped source fayer 2, oppositely doped with
respect to the drain layer, made of a source semiconductor material e.g. with a
doping tevel of 10" cm™ or higher suich as for example between 10'® em™ and
5.10% cm™, preferably between 5.10'® cm™ and 10% cm™.

- a channel layer 5 made of a lowly doped, e.g. doped
at a doping level below 10'® em™, for example  between 0 cm™ and 10" em”,

3 and 10" om® or undoped channel

preferably between 10" cm
semiconductor material. The channel layer 5 is situated in between the source
2 and the drain layer 6.

- a gate structure 8, 9 comprising a gate dielectric layer 8
and a gate electrode layer 8. The gate dielectric layer 8 extends along the
source layer 2 and the gate electrode layer 9 extends along the gate dielectric
layer 8 along a face of the gate dielectric layer 8 opposing the face of the gate
dielectric layer 8 facing the source layer 2. The gate electrode layer 8 does not
extend beyond the gate dielectric layer 8. At least part of the gate electrode
tayer 9 and the gate dielectric layer 8 may extend along at least part of the
channel layer 5.

- a highly doped, pocket layer 3 extending in between
and along the gate dielectric layer 8 and the source layer 2. The pocket layer is
made of a semiconductor material with a doping leve! of for example 10°® cm™
or higher such as for example between 10'° cm™ and 5.10%° cm™, preferably
between 10" ecm™® and 10% cm™

The source layer 2 can be either a p- or n- doped layer,
The drain layer Is counterdoped with respect to the source layer.

The channel layer 5, if doped at ail, can be either a p-
or an n- doped layer depending on the desired characteristics of the TFET.

The pocket layer 3 preferably but not necessarily is
counterdoped with respect to the source fayer 2.

It can be seen in figure 1 that the pocket layer 3
extends to between and along the source layer 2 and the channel layer 5.

For the different layers any type of semiconductor
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material can be chosen, for example materials selected from at least one of
group IV materials such as Si, Ge, C or binary compounds thereof, or group
/Y materials such as in, Ga, As, 5b, Al, P, B, N or binary, tertiary or
quaternary compounds thereof or group 11/Vi materiais such as Cd, Zn, S, Se,
Te, O or binary, tertiary or quaternary compounds thereof, or carbon
nanctubes, graphene, etc. Preferably the resulting heterostructure consists of
materials having a similar lattice constant, such that the resulting
heterostructure interface has a high quality, meaning a low defect densily.
Examples of such malerial combinations are InPAngs:GagsrAs {lattice
matched}, InAs/GaSh {small lattice mismatch of 0.6%),
tngs:Gag 27As/GaAs, sSby s (1attice matched).

It can be seen that preferably the at ieast part of the
gate dielectric layer 8 which extends along the at least part of the channet layer
5 is in contact with the channel layer 5.

It is further shown that the source 2, pocket 3, channel
5 and drain 6 layers are substantially planar and positioned on top and along
each other although other alternative embodiments will be described below.

The active region 12 defined in the assembly of the
pocket layer 3 and the source fayer 2 as explained above is schematically
being delimited by a detted line for sake of clarity.

Further, figure 1 shows that preferably the drain layer 6
is in electrical contact with a drain contact electrode 7 andfor the source 2 is in
electrical contact with a source contact electrode 10 and/or the gale electrode
9 is in electrical contact with a gate contact electrode 11.

Figure 1 shows that the source fayer 2 is preferably
deposited on a substrate 1 and further shows that the source contact electrode
10 is applied on the opposing side of the substrate 10. This is however not
critical for the disclosure and the source contact electrode 10 can also be
applied directly to the source layer 2, for exampie even omitting the substrate
layer 1 depending on for example the desired characteristics of the TFET.

In the embodiment shown in figure 1, an etch stop layer
4 is present in between and along the channel layer 5 and the pocket layer 3.
Figure 2 differs from figure 1 in that the pocket layer 3 is the efch-stop layer 4
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and preferably a leakage stop layer 13 is added whereas in Figure 1, the
leakage-stop layer 13 is the eich-stop layer 4. The leakage stop layer 13, if
present, is doped, preferably but not necessarily with a similar doping to the
source layer 2. The leakage-stop layer is made of a semicenductor material
with a doping level of for example 10'® cm™ or higher such as for example
between 10" cm™ and 5.10%° cm™, preferably between 107 cm™® and 10% em™

As can be seen in figures 1 and 2, preferably the
channel 5 and drain 6 layer and if present, as shown in figure 1, for example
the etch stop layer 4 which preferably also functions in this configuration as a
leakage stop tayer when separate from the pockel layer 3, and, as shown in
figure 2, for example the leakage stop layer 13 when the pocket fayer 3 is the
etch stop layer 4, have delimiting edges which taper towards the drain contact
electrode 7, for example as a consequence of the fabrication method, more in
particular etching, mere in particular wet etching, in the method for the TFET
according to the disciosure. It is preferred that the delimiting edges are
provided along faces having relatively closely packed atoms to further improve
surface quality, for example the {111} face in for example InGaAs, more in
particular Ing s3Gag 47As.

Figure 3 shows an allernative embodiment wherein the
TFET has a 3 dimensional Fin-FET like architecture (Fin-TFET) and wherein
the fin-like structure forms the source layer 2.

in the embodiment shown, the etch stop layer 4
preferably functions as a leakage-stop layer 13 and is separate from the pocket
layer 3, although as explained above, the pocket layer 3 could also be the etch
stop layer 4 in which case preferably, but not critically, a leakage stop layer 13
could be applied instead of the efch stop layer 4 shown in Figure 3.

As can be further observed in figure 3, preferably the
channel 5 and drain 6 layer and if present, for example the etch stop layer 4
when separate from the pocket layer 3 and, for example the leakage stop fayer
13 when the pocket layer 3 is the etch stop layer 4, no longer have delimiting
edges which taper towards the drain contact electrode 7.

Figure 4 shows TFET which is a vertical nanostructure

{nanowire), The nanowire, as shown in figure 4, preferably is symmetrical with
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respect to an axis of symmetry through the source layer 2.

in the embodiments shown in figures 3 and 4, the etch
stop layer 4 is separate from the pocket layer 3, although as explained above,
the pocket layer 3 could also be the elch stop layer 4 in which case preferably,
but not critically, a leakage stop layer 13 could be applied instead of the eich
stop layer 4.

As can be further observed in figure 4, preferably the
channel 5 and drain 6 layer and if present, for example the etch stop layer 4
when separate from the pocket layer 3 and, for example the leakage stop layer
13 when the pocket layer 3 is the etch stop layer 4, no longer have delimiting
edges which taper towards the drain contact electrode 7.

Figures 8a — 5f show an embodiment of the method
according to the present disclosure for making the TFET shown in figure 1.

Figure 5a shows a layer stack comprising the source
tayer 2, the pocket layer 3, the channel fayer 5 and the drain fayer 6. In the
tayer stack shown, the eich stop layer 4 and the pocket layer 3 are different
from each other. Also, although not critical for the disclosure, a substrate layer
and a source contact electrode 10 are provided. In addition the drain contact
electrode 7 is shown and is provided on top of the drain layer 6.

Subsequently, part of the drain layer 6 and the channet
layer 5 is removed up fo the pocket layer 3. This is for example shown in
figures 5b and 5S¢ and is for example done by dry or preferably wet etching. it
can be seen that the material of the etch-stop layer 4, and preferably the
material of the drain contact electrode 7, is chosen such as not fo be etched
away whereas the material of the drain layer 6 and the channel layer 5 is
chosen such that they can be etched away. The tapering edges, as explained
above, are the result of the etching technique used, in the case shown wet
etching. In a subsequent step, for example as the etch slop layer 4 is stil}
substantially covering the pocket layer 3, the etch stop layer 4 is also partly
removed as shown in figure 5¢, uncovering the pocket layer 3 for application of
the gate structure 8, 9.

in case for example the etch stop layer 4 and the

pocket layer 3 are the same no subsequent removai of the etch stop layer 4 is
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necessary. When in such situation a leakage stop layer 13 is provided in
between the pocket layer 3 and the channel layer 5 to prevent current flowing
from source layer 2 to drain layer 6 through the bulk of the layer stack, the
material of the leakage stop layer 13 preferably is also selected such as to be
eiched away together with the channet layer § and the drain layer 6. Such an
embodiment has however not been depicted in the figures.

Further, figure 5d shows a further step of the method
according to the disclosure, in which the gate dielectric layer 8 is applied to the
exposed surface of the layer stack, after which the gate electrode layer 9 is
applied to the gate dielectric layer 8. It can be observed that the drain contact
elecirode 7 has for example been underetched. Due to the sudden change in
topography at the drain contact electrode 7 and the drain layer 6, the gate
electrode layer 9§ can be interrupted at that location, preventing short circuiting
the gate electrode layer 8 and the drain fayer 6. The gate dielectric layer 8,
although not critical for the disciosure has remained uninterrupted at the drain
contact electrode 9 and the drain layer 6.

Figure 5e shows the preferred removal of part of the
layer stack up to the substrate 1 and figure 5d shows the subsequent preferred
covering of the layer stack obtained in figure Se with a dielectric material for
electrically isolating the TFET and the creation of the gate contact elecirodes
11 for electrically contacting the gate electrode layer 9. Finally, the upper
surface is at least partly removed up to the drain contact electrode 7 for

contacting the drain contact elecirode 7.
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CLAIMS:

1. A Tunnel Field Effect Transistor device (TFET) made of at least
following layers:

- a highly doped drain layer (8) made of a drain
semiconductor material, e.g. with a doping level of 10 cm™ or higher such as
for example between 10 cm™ and 5.10%° cm™, preferably between 10" cm™
and 10%° cm™,

- a highly doped source layer (2}, oppositely doped with
respect to the drain layer, made of a source semiconductor materiat €.g. with a
doping level of 10" cm™ or higher such as for example between 10" cm™ and
5.10% em’®, preferably between 5.10% ¢cm™® and 10%° ¢m™®, and

- a channel layer {5) made of a lowly doped, e.g. doped
at a doping level below 10" cm™, for example between 0 cm™ and 10" cm™,
preferably between 10 cm® and 10" om® or undoped channel
semiconductor material situated in between the source (2) and the drain layer
{6), and

- a gate structure (8, 8) comprising a gate dielectric layer
(8) and a gate elecirode layer (9), the gate dielectric layer (8) extending along
the source layer (2) and the gate electrode layer (8} extending along the gate
dielectric layer (8) atong a face of the gate dielectric layer (8) opposing the face
of the gate dielectric layer {8) facing the source layer (2} and not extending
beyond the gate dielectric tayer (8),

- & highly doped, pocket layer (3) extending in between
and along the gate dielectric layer (8) and the source layer (2), made of a
semiconductor material with a doping level of for example 10™ cm™ or higher
such as for example between 10" cm™ and 5.10%° cm™, preferably between
10" ¢ and 102 cm™®
characterized in that the pocket layer (3} extends to between and along the
source layer (2) and the channel layer (5)
2. The TFET according to claim 1, wherein the pocket layer (3} is
counterdoped with respect to the source layer (2).
3. The TFET according to claim 1 or 2, wherein at least part of the gate
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dielectric layer (8) extends along at least part of the channel layer (5) and is in
contact with the channel layer (5).

4. The TFET according to any one of claims 1 - 3, wherein the source (2),
pocket (3), channel (5) and drain (6) layers are substantially planar and
positioned on top and along gach other.

5. The TFET according to any one of claims 1 - 3, wherein the TFET has
a 3 dimensional Fin-FET like architecture (Fin-TFET) and wherein the fin-like
structure forms the source layer (2).

6. The TFET according to any one of claims 1 - 3, wherein the TFET is a
vertical nanostructure {nanowire).

7. The TFET according to any one of claims 1 — 6, wherein the drain layer
(8) is in electrical contact with a drain contact electrode (7} and/or the source
(2) in electrical contact with a source contact electrode (10) and/or the gate
electrode (9) is in electrical contact with a gate contact electrode (11).

8. The TFET according to any one of claims 1 - 7, wherein an efch stop
fayer {4) is present in between and along the channel fayer (5) and the pocket
layer (3), the etch stop layer preferably being made of a semiconductor
material with a doping level of for example 10® em™ or higher such as for
example between 10" em™ and 5.10%° cm™, preferably between 10" em™ and
10% cmS.

9. The TFET according to any one of claims 1 — 8, wherein a leakage
stop layer {(13) is present in between and along the channel layer (5) and the
pocket layer (3), the leakage-stop layer preferably being made of a
semiconductor material with a doping level of for example 10" cm™ or higher
such as for example between 10" cm™® and 5.10% cm®, preferably between
10" cm™® and 10% em™.

10. Method of making the TFET according to any one of claims 1 -9,

11. Method of making the TFET according to claim 10, wherein a layer
stack comprising the source layer (2), the pocket layer (3}, the channel layer
(5) and the drain layer (6) is provided, after which part of the drain layer (6) and
the channel layer {5) is removed up fo the pocket layer (3}, after which the gate
dielectric layer (8) is applied to the exposed surface of the layer stack, after
which the gate electrode layer (9) is applied to the gate dielectric layer (8).
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12. Method of making the TFET according to claim 11, wherein the part of
the drain layer (6) and the channel layer (5) is removed up to the pocket layer
(3) by at least partly etching up fo an etch stop layer (4).

13. Method of making the TFET according to claim 12, wherein the etch
stop layer {4} is the pocket layer {3).

14. Method of making the TFET according to claim 13, wherein a leakage
stop layer (13) is provided in between the pocket layer (3} and the channel
tayer {5) to prevent current flowing from source {2) to drain {6) through the bulk
of the layer stack.

18, Method of making the TFET according to claim 12 at least in
combination with claim 8, wherein the etch stop layer (4) is different from the
pocket layer (3) and is removed after etching away the part of the drain fayer
{6} and the channel layer (5).

16. Method of making the TFET according to any one of claims 10 — 15,
wherein the drain contact electrode (7) is provided on top of the drain layer (6).
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ABSTRACT
Tunnel Field Effect Transistor device and method for making the

device

A Tunnel Field Effect Transistor device {TFET) made of at least following
layers: a highly doped drain layer (6), a highly doped scurce layer (2), a
channel layer (5), a gate dielectric layer (8) and a gate electrode layer (9), the
gate dielectric layer (8) exitending along the source layer {2), and a highly
doped pocket layer (3} extending in between and along the gate dielectric layer
(8) and the source layer (2), characterized in that the pocket layer (3)
extends to between and aleng the source layer {2) and the channel layer (5).

Fig. 1
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