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EDITORIAL

Dolphin Integration supports the integration of non-electrical components into the design
flow of microelectronics. Herewith our offer in the field of Micro Electro Mechanical
structures (MEMS) is presented with the demonstrator MEM-CPS, a Capacitive Pressure
Sensor.

We enriched our EDA solutions with special links for MEMS. A MEMS consists of a
mechanical and an electrical part. In many cases it is not sufficient to design/observe
these two parts separately. Only a system simulation of the whole system can consider
the interaction of the two parts that influences the behavior of the whole system.
Dolphins EDA solutions let the designer model and simulate the electrical and non-
electrical part together.

Thanks to its broad support of VHDL-AMS, our mixed-signal, multi-language simulator
SMASH is best suited for multi-domain simulations. Meanwhile layout generators can be
constructed with GDS Compiler, in GDSII format. Our MEMS dedicated library EMBLEM-
Mecha holds models of electro-mechanical behavior implemented in VHDL-AMS with
relevant symbols for the use in the schematics editor SoC HLE.

Demonstrator : Integrated Capacitive Pressure Sensor System

The figure below depicts one pressure sensor structure besides some electrical
components in CMOS technology.
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Functional principle of the sensor: The capacitive pressure sensor consists of two
conductive plates with nearly vacuum in-between. The plates are insulated from each
other to behave as an electrical capacitor. An external fluid or gas pressure deflects the
upper plate so that the capacitance of the structure increases with increasing pressure.
This change in capacitance can be detected by a suitable electrical circuit.
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EMBLEM-Mecha

SoC HLE

Library EMBLEM-Mecha

EMBLEM-Mecha comprises models and relevant symbols. The models describe the behavior of the mechanical
and electrostatic effects in plates and beams. They are implemented in VHDL-AMS and are suitable for system
simulations in circuit simulators supporting this language, such as our mixed-single, multi-language simulator
SMASH.

The models accept parameters for geometrical dimensions, material properties and process parameters to ease
the adaptation to customer’s devices like accelerometers, gyroscopes, micro mirrors, pressure sensors and
many more.

The symbol library holds a connected l l
symbol for the use of the MEM-CPS in the

schematic entry tool SoC HLE for graphic

modeling of the complete MEMS system. 1
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Sensor Modeling

The schematics editor SoC HLE provides a user friendly operating interface with which the user is able to
visually model the electromechanical part together with its electronic components. Schematics entry serves to
provide automatically a mixed-language netlist to be simulated with SMASH.

The model of the bending of plates in EMBLEM-Mecha is based on proprietary analytical equations and hence
it provides fast system simulations.

The model behaves like an electrical capacitor,
the capacitance of which depends on the
external pressure.
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SMASH

GDS Compiler

System Simulation

A switched capacitor SC-circuit holds two instances of the
pressure sensor model, one represents the sensor and e eeeecacacaecacacattncntatansnenennns
one the reference capacitance. The figure shows a : SMASH

principle sketch of the used switched capacitor readout
circuit. The simulation window of the mixed- signal and :
multi-language simulator SMASH depicts in the first slot  : ¢ mixed-signal multi-language
the clock of a readout voltage in the SC-circuit. The next * . best VHDL-AMS support
slot displays the external pressure. The third trace shows L
the maximal deflection of the pressure sensor membrane.
The fourth trace represents the touching radius ri of the
membrane. The fifth trace shows the capacitance of the
sensor element. Finally, the sixth trace depicts the output
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Switched capacitor circuit System simulation with SMASH

Layout Generator

GDS Compiler consists on a library which provides all necessary functions to program layout generators in
a most flexible way. l.e. the user is able to specify geometrical dimensions, process, technology and CAD
parameters as inputs to the layout generators for controling the layout generation process. The output of
the layout generators is the layout in the GDS-II format. This way, the layout is compatible with virtually any
common CAD-tools.

For the demonstrator, we have used GDS Compiler for building the mechanical part of the pressure
sensors. Inputs are the number of pressure sensor, the dimension of the arrays and the membrane
diameter of each structure. These data can be given to the layout generator via a user interface or via a file.
The layout generator is adaptable to different technologies and processes by changing the technology file
which holds the relevant data. Similarly, the layout generator can be easily adapted to different CAD
frameworks by merely changing the CAD file.

The figure below shows one element in the generated layout using the GDS-Il viewer and processor SoC
GDS.
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Top-Down design

Service

Contact

Design of MEM-CPS

For smooth integration in an existing design flow, the
designer can rely on a dedicated user interfacing tool.
It calculates, out of functional parameters, the
geometrical values and vice versa.

For the demonstrator, MICSTET is the interfacing tool
computing the geometrical dimensions (membrane
diameter, array dimension) out of a given contact
pressure and the sensor capacitance at 0 bar and vice
versa. The user interface creates a JOB file for the
layout generator and an include file for the VHDL-AMS
model for simulation with SMASH.

This method, enables the design of the pressure
sensor structure to fit in a Top-Down design flow.

Modeling Service MEM-CPS provided design flow

Dolphin Integration offers modeling expertise as service of any MEMS application. The VHDL-AMS model (all
standard implementation languages are available) can be used in a system simulation on a circuit simulator like
SMASH.

Implementation of a layout generator

The implementation service of the layout generator is provided for any MEMS application. The layout
generators are useful in established processes when one has to adapt the mechanical structure to different
applications. For example the diameter in capacitive pressure sensor elements have to be adapted to different
pressure ranges. The recourse to generators saves significant time and avoids error-prone hand layouts.

Implementing a software environment for a Top-Down method

Besides the implementation of the layout generator itself, the implementation of a user interface is provided to
generate the input file for the layout generator as well as a parameterization file of a connected simulation
model for system simulation purpose. A suitable simulation model is generated for each generated layout.

Trainings

We provide know-how transfer programs for:
modeling with VHDL-AMS for mixed signal applications
multi-domain modeling with VHDL-AMS and mechanical examples
modeling mechanics with EMBLEM-Mecha
using multi-lingual SMASH
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