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Bosch Micromachined Sensorsystems

Integrated
Pressure Sensor

Robert Bosch Corporation
Research and Technology Center
4009 Miranda Ave, CA94304
Email: mems@rtc.bosch.com



Micromechanical Pressure Sensor

sing on to third parties.
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Pressure Sensor in Bulk Micromachining

Sensor chip Membrane
V\llire bonds

Reference
vacuum

housing

Intake

Metal ZL\ Glass socket

manifold pressure
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Bulk Micromachining

Wet chemical etching Anodic wafer bonding

Isotropic etching in an acid etching bath
(imprecise shapes)

Etching
mask

Silicon

Anisotropic etching in an alkaline etching bath
(precise shapes)

N

Pyrex glass
Silicon

7

VAN ANY

1$411{ Hot plate {{{{}]

Pyrex glass wafer

Silicon wafer
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Atmospheric Pressure Sensor SMD082
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Micromechanical Intake Manifold Pressure Sensor

Sensor cell
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Mass Ailr Flow Sensor
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Mass Air Flow Sensors — Generations
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HFM5 Micromechanical Mass Air Sensor

. : . T . :
Measuring principle --= with air flow
— without air flow
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Sensor element #

Heater band

Membrane
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HFM5 Micromechanical Mass Air Flow Meter
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Bosch Micromachined Sensorsystems

Surface Micromachined
Acceleration Sensors
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K8-Sensor Center
In-Plane Acceleration Sensor

Functional principle

B Surface micromachining with 10 ym
thick poly silicon movable structures

=p Large output signal
=> Robust design

@ Capacitive comb structure consisting of:

— Movable proofmass with
electrode fingers

— Fixed electrodes
B Deflection of proofmass by acceleration

B Differential capacitor evaluation
=p» Small non-linearity

B Self-test by electrostatic deflection

Seismic mass  Capacitor 1

Spring

Direction of
sensitivity

& TG T

Bond pad

Metallisation
(aluminum)

Silicon oxide

Capacitor 2
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Si Micromachined Yaw Rate Sensor
Design

Linear Accelerometer:;

[J Surface micromachining

[ 2um gaps
[1 12 um thick Poly-Silicon
[J 1pF working capacitance

[] folded springs

[J high sensitivity
[1 internal stress

compensation

BOSCH
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Acceleration Sensor in Surface Micromachining

Wire bonds

Evaluation
circuit

<
W o

Sensor chip

Scanning electron microscope image
of the comb structure

Seismic mass with movable electrodes

Suspension spring Fixed electrodes
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Acceleration Sensors
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K8-Sensor Center

Out-of-Plane Acceleration Sensor

Functional principle

@ Surface micromachining with 10 ym
thick poly silicon movable structures

=) [arge output signal
=> Robust design

@ Torsional springs
B Rotation of proofmass by acceleration

B Differential capacitor evaluation
=p» Small non-linearity

@ Counterelectrode by second poly layer
B Self-test by electrostatic deflection

Cl

Torsional spring

CM

C2

Seismic mass

Cl=C2
4 ~

Cl1+C2
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Bosch Micromachined Sensorsystems

Si-Micromachined
Yaw Rate Sensor
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Micromachined Yaw Rate Sensor

Yaw rate Direction of oscillation

Direction of sensitivity

Spring

a

/7|'

Acceleration sensor Oscilllating mass
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SiI Micromachined Yaw Rate Sensor
Design

Folded Beam | ._1g)i|rollsccelero

Coupling Spring

x 100 Z00 pm

ZY9mm
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SiI Micromachined Yaw Rate Sensor
Packaging

Cross-section of the sensing element

Silicon Cap Wafer

Bond Pad
Accelerometer

8 ssiiiiien

Senson\Wafer
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Si Micromachined Yaw Rate Sensor

Packaging

Metal Cover

Cross section of the module;

Metal Base

Hybrid

Magnet

Sensing Element
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K8-Sensor Center
Angular Rate Sensor

Functional principle

cﬂwuan

Coriolis-type working principle

Drive
i CDm! [ ]
B Capacitive comb structures (Cpp,) 0
@ In-plane oscillation of sensing mass _E
i Sensitive
Detection i
B Angular rate Q causes coriolis force Fe _ _
g : L Cpny - Drive Capacitors
@ Coriolis force in out-of-plane direction Cpa - Rate Detection Capacitors Fc~vXxQ
B Rocking motion in out-of-plane direction | Cpy,,, - Drive Detection Capacitors
B Differential capacitor structure (Cpet) +-F¢ - Coriolis Force
V — Velocity Q ~ ACpet
Q — Angular Rate

BOSCH K8/STZ DRS-801202¢
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K8-Sensor Center
Angular Rate Sensor

Features

B Sensing element: rotational oscillator
B Surface micromachining technology
B Sensitive axis: in-plane

B Ratiometrical analog output

B Low parameter drifts

B Low sensitivity to linear acceleration
B Selft-test (electronics and mechanics)
B Small size (SMD: PLCC44)
Applications

Roll over sensing: + 250°s (SMG040)
Automotive navigation: = 100°%/s (SMG045)
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Micromachined Angular Rate Sensor

opying and passing on to third parties.
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