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(57) ABSTRACT

A micromechanical sensor apparatus has a movable gate and
a field effect transistor. The field effect transistor has a drain
region, a source region, an intermediate channel region with a
first doping type, and a movable gate which is separated from
the channel region by an intermediate space. The drain
region, the source region, and the channel region are arranged
in a substrate. A guard region is provided in the substrate at
least on the longitudinal sides of the channel region and has a
second doping type which is the same as the first doping type
and has a higher doping concentration.
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MICROMECHANICAL SENSOR APPARATUS
WITH A MOVABLE GATE, AND
CORRESPONDING PRODUCTION PROCESS

[0001] This application claims priority under 35 U.S.C.
§119 to patent application no. DE 102012 202 783.1, filed on
Feb. 23, 2012 in Germany, the disclosure of which is incor-
porated herein by reference in its entirety.

[0002] The disclosure relates to a micromechanical sensor
apparatus with a movable gate, and to a corresponding pro-
duction process.

BACKGROUND

[0003] Although any desired micromechanical compo-
nents can also be used, the present disclosure and the problem
on which it is based are explained using silicon-based com-
ponents.

[0004] DE 44 45 553 Al describes a semiconductor accel-
eration sensor having a semiconductor substrate, a cantilever
structure which is supported by the semiconductor substrate
and has a movable electrode, arranged at a predetermined
distance above the semiconductor substrate, as well as fixed
electrodes which are arranged on the semiconductor sub-
strate. A sensor section is formed by the movable electrode
and the fixed electrodes and detects an acceleration by
changes in a current between the fixed electrodes, which
changes are caused by an offset of the movable electrode
associated with the effect of the acceleration on the sensor
section.

[0005] EP 0990911 Al describes a micromechanical sen-
sor based on the field effect transistor with a movable gate
which is movable in a direction parallel to the substrate sur-
face, the movement of the gate in this direction increasing or
reducing the channel region overlapped by the gate in at least
one MOSFET.

[0006] Micromechanical sensor apparatuses with a mov-
able gate usually have evaluation circuits for detecting very
small movements, which theoretically have an excellent sig-
nal-to-noise ratio and are therefore suitable for use in
extremely miniaturized acceleration sensors, for example.
[0007] FIG. 3 shows a schematic cross-sectional view for
explaining a known micromechanical sensor apparatus with a
movable gate in a vertical cross section.

[0008] In FIG. 3, reference symbol 2 denotes a silicon
substrate in which a drain region 3, a source region 4 and an
intermediate channel region 7 of a field effect transistor are
provided. A gate insulation layer 5, for example an oxide
layer, is provided on the channel region 7. Reference symbol
6 is used to indicate surface charges on the insulation layer 5.
A movable gate electrode 1 is movably arranged above the
substrate 2 in a manner separated by an intermediate space Z.
[0009] The method of operation of such a micromechanical
sensor apparatus with a movable gate is as follows: an exter-
nal force moves the gate electrode 1 inthe X,y direction and/or
in the z direction. This movement changes the number of
charge carriers within the channel region 7 and thus changes
the resistance between the drain region 3 and the source
region 4. This change in resistance can be detected either by
applying a constant voltage and measuring the associated
current or by injecting a constant current and measuring the
associated voltage change.

[0010] A special feature of a sensor apparatus constructed
in this manner is the increased noise for displacements in the
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x,y direction, which noise is observed in real applications.
This increased noise can be largely attributed to parasitic
leakage currents.

SUMMARY

[0011] The disclosure provides a micromechanical sensor
apparatus with a movable gate according to the description
below and a corresponding production process according to
the description below.

[0012] Further description below relates to preferred devel-
opments.
[0013] The idea on which the present disclosure is based

lies in the use of an additional guard region at least on the two
longitudinal sides of the channel region, which reduce the
leakage current in order to minimize the thermal noise. As a
result of the guard region, influenced charges remain
restricted to the channel region, and an x,y movement of the
movable gate results in an optimum change in the channel
conductivity. In the case of known sensor apparatuses, para-
sitic channels are formed in the event of a modulated channel
overlap and reduce the sensitivity. As a result of the reduced
leakage current according to the present disclosure, the ther-
mal noise of the sensor apparatus is reduced, which improves
the signal-to-noise ratio (SNR). This compliance with the
SNR then makes it possible either to produce higher-perfor-
mance sensor apparatuses or to further miniaturize the sensor
core.

[0014] Itis also advantageous if the guard region runs annu-
larly around the drain region, the source region and the chan-
nel region in the substrate. This measure results in easier
production or processing with lower tolerance requirements
on well placement.

[0015] It is also advantageous if the channel region is cov-
ered by at least one gate insulation layer. This achieves a
better surface property and thus lower scattering of channel
parameters as a result of the oxide used. Furthermore, this
measure results in lower sensitivity to environmental and
ambient properties (for example moisture, particle loading,
etc.).

[0016] It is also advantageous if the movable gate is pro-
duced from polysilicon. This measure reduces the production
costs, thus making it possible to use surface micromachining
[0017] It is also advantageous if the guard region has an
external voltage connection. This makes it possible to define
the potential of a well and to additionally reduce the leakage
current further by applying a suitable voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Further features and advantages of the present dis-
closure are explained below using embodiments with refer-
ence to the figures, in which:

[0019] FIGS. 1a), b) show schematic cross-sectional views
for explaining a micromechanical sensor apparatus with a
movable gate and a corresponding production process
according to one embodiment of the present disclosure, to be
precise in a vertical cross section in FIG. 1a) and, in FIG. 15),
in a horizontal cross section along the line A-A' in FIG. 1a);
[0020] FIG. 2 shows a schematic cross-sectional view for
explaining a micromechanical sensor apparatus with a mov-
able gate and a corresponding production process according
to another embodiment of the present disclosure in a horizon-
tal cross section similar to FIG. 15); and
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[0021] FIG. 3 shows a schematic cross-sectional view for
explaining a known micromechanical sensor apparatus with a
movable gate in a vertical cross section.

DETAILED DESCRIPTION

[0022] In the figures, identical reference symbols denote
identical or functionally identical elements.

[0023] FIGS. 1a), b) are schematic cross-sectional views
for explaining a micromechanical sensor apparatus with a
movable gate and a corresponding production process
according to one embodiment of the present disclosure, to be
precise in a vertical cross section in FIG. 1a) and, in FIG. 15),
in a horizontal cross section along the line A-A'in FIG. 1a).
[0024] InFIGS. 1a), b), reference symbol 2 denotes a sili-
con substrate in which a drain region 3, a source region 4 and
an intermediate channel region 7 of a field effect transistor are
provided. A gate insulation layer 5, for example an oxide
layer, is provided on the channel region 7. Reference symbol
6 is used to indicate surface charges on the insulation layer 5.
A movable gate electrode 1 is movably arranged above the
substrate 2 in a manner separated by an intermediate space Z.
[0025] In contrast to the above-described known microme-
chanical sensor apparatus according to FIG. 3, the present
embodiment of the disclosure has a guard region 8 which is
provided in the substrate 2 and runs annularly around the
drain region 3, the source region 4 and around the channel
region 7 along the longitudinal sides S1, S2 of'the latter in the
substrate. The guard region 8 has a doping type, for example
p+/p++, which is the same as a doping type of the channel
region 7, for example p-type doping, but has a higher doping
concentration. In the embodiment illustrated, the depth of the
guard region 8 is substantially the same depth as that of the
channel region 7. However, this may be varied in an applica-
tion-specific manner.

[0026] When a voltage above the threshold voltage is
applied to the movable gate 1, this forms a conductive channel
region 7. If the drain region 3 and the source region 4 now
have a potential difference, a measurable current flows
between the two regions. Since the electric field of the gate 1
not only has a local effect on the geometrical region of the
channel region but also outside the channel region, this forms
said parasitic leakage currents in known micromechanical
sensor apparatuses.

[0027] The guard region 8 according to the disclosure, a
guard ring here, increases the threshold voltage or displaces
charge carriers, which have an identical polarization to the
charge carriers in the channel region 7, outside the geometri-
cally defined channel region. This is effected by virtue of the
fact that the guard region 8 is doped to a correspondingly high
degree with charge carriers which are the same as the charge
carriers in the channel region 7. For example, the guard region
8 will be doped with n+/n++ charge carriers in the case of an
n-doped channel region 7 and will be doped with p+/p++
charge carriers in the case of a p-doped channel region 7.
[0028] Optionally, the guard ring 8 may have an external
voltage connection V and can therefore be set to a fixed
potential by means of electrical contact-making. In particular,
itis also conceivable for the channel region 7 to be constricted
during sensor operation by an appropriate bias at the voltage
connection V at the guard region 8. This achieves a field
concentration in the channel region 7 and therefore again
increases the sensitivity in the event of small lateral move-
ments of the gate 1.
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[0029] FIG. 2 is a schematic cross-sectional view for
explaining a micromechanical sensor apparatus with a mov-
able gate and a corresponding production process according
to another embodiment of the present disclosure in a horizon-
tal cross section similar to FIG. 15).

[0030] Inthe second embodiment, the guard region 8a, 85
is not provided as an annular region, like in the first embodi-
ment, but rather has two strip regions 8a, 85 in the substrate 2
which are arranged parallel to the longitudinal sides S1 and
S2 of the channel region 7 and have approximately the same
length as the channel region 7.

[0031] Otherwise, the structure of the second embodiment
is identical to the structure of the first embodiment described
above.

[0032] The disclosure can be used in a particularly advan-
tageous manner for compact and cost-effective, highly sensi-
tive and robust MEMS sensors, for example inertial sensors,
pressure sensors, imagers, microphones, micromechanical
switches etc.

[0033] Although the present disclosure was described
using preferred exemplary embodiments, it is not restricted
thereto. In particular, the materials and topologies mentioned
are only exemplary and are not restricted to the examples
explained.

What is claimed is:

1. A micromechanical sensor apparatus with a movable
gate, the micromechanical sensor apparatus comprising:

a field effect transistor with a drain region, a source region,
an intermediate channel region with a first doping type,
and a movable gate which is separated from the channel
region by an intermediate space, wherein the drain
region, the source region and the channel region are
arranged in a substrate; and

a guard region provided in the substrate at least on longi-
tudinal sides of the channel region, the guard region
having a second doping type which is the same as the
first doping type and has a higher doping concentration
than the first doping type.

2. The micromechanical sensor apparatus according to
claim 1, wherein the guard region is configured to run annu-
larly around the drain region, the source region and the chan-
nel region in the substrate.

3. The micromechanical sensor apparatus according to
claim 1, wherein the channel region is covered by at least one
gate insulation layer.

4. The micromechanical sensor apparatus according to
claim 1, wherein the movable gate is polysilicon.

5. The micromechanical sensor apparatus according to
claim 1, wherein the guard region has an external voltage
connection.

6. A process for producing a micromechanical sensor appa-
ratus with a movable gate, the process comprising:

forming a field effect transistor with a drain region, a
source region, an intermediate channel region with a first
doping type, and a movable gate which is separated from
the channel region by an intermediate space, wherein the
drain region, the source region and the channel region
are arranged in a substrate; and

producing a guard region in the substrate at least on the
longitudinal sides of the channel region that has a second
doping type which is the same as the first doping type
and has a higher doping concentration.
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7. The process according to claim 6, wherein producing the
guard region includes producing the guard region by one of a
diffusion process and an implantation process using a corre-
sponding mask.



