
DMS Verification Environment 
for Gyroscope

Thierry Nouguier, Ajay G Nayak, Fabrice Boissieres



Agenda

• Introduction and Motivation
• MEMS Gyroscope System
• Modeling Strategy
• Use Case: Safety Mechanism Verification
• Conclusion
• QA



Motivation and Context
• Digital Mixed-Signal Simulation

• DMS environments use modeling language (wreal/systemverilog) for fast simulation 
and improved test coverage

• Need for Analog Mixed-Signal
• AMS simulations are required for high-accuracy applications like MEMS gyroscopes 

despite slower performance

• Performance and Scalability Limits
• AMS simulations face challenges in speed and scalability for complex system-level 

verification

• Shifting AMS to Digital Domain
• Enhanced DMS techniques aim to migrate AMS workload digitally for faster yet 

accurate verification.
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Structure and Function
• Vibrating Proof Mass

• The MEMS gyroscope uses a vibrating proof mass suspended 
by microfabricated springs to detect angular velocity

• Coriolis Force detection
• Rotation causes Coriolis forces that deflect the mass along a 

sense axis, detected by capacitive sensing

• ASIC Signal Processing
• An ASIC drive vibrating, amplifies signals, demodulates

and converts data digitally, managing calibration and 
communication

• System Integration
• Precise modeling ensures accurate behavior and this 

tightly integrated MEMS gyroscope system



Modeling Challenges in DMS
• Analog and Mechanical complexity

• MEMS devices exhibit resonance, damping and thermal drift, complicating 
SystemVerilog modeling due to analog and mechanical effects

• Lack of Multi-domain simulation
• SystemVerilog does not support multi-domain and phase accurate simulation, 

creating challenges in closed-loop DMS modeling

• Noise and Parasitics Limitation
• SystemVerilog struggles to simulate noise and parasitics effects, impacting 

high precision sensing performance in DMS
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Enhancing Simulation speed & Accuracy with 
Custom UDNs

• Resolution function simplification
• Focus exclusively on Kirchhoff’s Current 

law to modelize our analog blocks

• Maintains accuracy (0.1%)
• Improves performance
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Capacitance modeling with c_enet
• Introduction of c_enet

• c_enet extends enet to include voltage, 
current, impedance, and capacitance for 
better signal representation

• Improved MEMS-ASIC Modeling
• c_enet enables accurate modeling at 

the MEMS-to-ASIC interface, preserving 
mechanical signal integrity



Multi-Rate Sampling strategy
• High-Resolution MEMS Simulation

• MEMS systems require high-frequency simulation at 0.1ns for accurate phase 
tracking and performance

• Coarser ASIC Sampling Rate
• ASIC subsystems use a coarser sampling rate at 1ns to reduce computational 

demands while maintaining adequate accuracy

• Unified Testbench Validation
• A unified testbench validates the multi-rate sampling methodology ensuring 

coherent and reliable simulation results



Advanced Signal Analysis with Python DPI

• UVM-MS testbench with passive-mode UVCs
• The testbench uses passive mode UVCs for accurate signal monitoring 

without driving signals

• Python DPI for Signal Processing
• Analog signals are sampled and analyzed in Python using DPI with FFT, phase 

extraction, and amplitude analysis

• Python DPI based on extended pyhdl-if Package
• Pyhdl-if package extended to support float and double types for seamless 

data type integration. 



Python DPI-Based Signal Analysis – UVC 
Architecture Overview
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Signal Characteristics extraction : principle(1)
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Signal Characteristics extraction: results (2)
Signals Profile Distribution Report (CSV format )

Signals Profile spread – illustrated with C2V amplitude 
and Phase plots



Drive Environment with UVC/Python DPI 
implementation
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Safety Mechanism
• ISO26262 product require Safety Mechanism to detect fault on critical 

function (65 Safety Mechanism in our product)
• As Safety Mechanism will involve different analog blocks and 

complex digital function; an efficient verification is required
• Amount different Safety Mechanism on the Gyroscope function, DAU 

monitor will be detailed
• This function could detect for example

• MEMS to ASIC bond wire/pad Opens and Shorts 
• Broken Drive Fingers
• Drive Suspension Crack 



DAU Monitoring

A rupture in MEMS displacement will create an amplitude change in drive 
loop and so in AGC loop that will be no more in define safety limit



Simulation and model refinement
• Initial Model inaccuracy

• Original MEMS models did not accurately reflect DAU response to changes in 
Quality Factor (Qd), requiring refinement

• Refined Simulation Results
• Post-refinement simulations demonstrated expected behavior with decreased 

Qd increasing DAU output

• Reliability Quantification
• Simulations across various Qd values quantified impact on safety mechanism 

reliability and validated model robustness



Validation strategy
• Signal-level Characteristics

• Validation monitors phase and amplitude to ensure accurate signal-level behavior in 
the system

• System-level Behaviors
• Checks include startup time and FSM transitions to verify overall system operation

• Analog Property Verification
• Analog metrics are verified with a scoreboard using DPI for metric plotting and 

analysis

• Digital Behavior checks
• SystemVerilog Assertions (SVA) are used to validate digital behaviors for correctness



Comparing DMS vs AMS: accuracy & 
efficiency
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Results

• DMS Sampled with 0.1ns follows the expected behavior as AMS for increase in 
Quality Factor 
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Summary and Future work
• Effective MEMS Modeling

• Modeling MEMS and analog signal chains with DMS ensures accuracy and robust 
verification of systems

• Enhanced signals Fidelity
• Precise sampling configurations and custom enet structures improve signal fidelity, 

especially for C2V signals

• Python DPI Integration
• Integration of Python DPI enables support for complex measurement and data 

analysis in MEMS modeling

• Future Enhancements
• Future work targets dedicated DMS for MEMS accelerometer extensions, shock 

detection, AI/ML for tuning and anomaly detection
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