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builds voxel models by
applying a sequence of 

primitive operations

3D Modeling Engine

Voxels are 3D pixels

Customizable to 
any process technology

SEMulator3D™, a unique software tool for MEMS and s emiconductor fabs

GDSII Layout

Process Description

Visualization 

Simulation Mesh
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1. Etch isolation trenches

2. Fill isolation trenches, deposit intermediate isolator

3. Deposit and pattern metal layer

4. DRIE mechanical structure

5. Passivate sidewalls, 
then open bottom of trenches

6. Isotropic etch to release mechanical structure
(structure width determines which parts are freed)

7. Strip etch mask, sidewall passivation and buried oxide
leaving single-crystal mechanical structure 

8. Cap sensor wafer by glass frit wafer bonding

��&�)��
� ���. '���(�	������ )
���)��&
�
�� ���&������



1. Etch isolation trenches

2. Fill isolation trenches, planarize

4. Deposit and pattern metal

5. DRIE mechanical structure

6. Passivate sidewalls, 
then open bottom of trenches

7. Isotropic release etch

8. Strip etch mask, sidewall 
passivation + buried oxide

9. Cap wafer by glass frit wafer bonding

3. Deposit and pattern intermediate
isolator
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Top view of SEMulator3D model

DRIE Oxide Mask

Design Error

Visual inspection of SEMulator3D 
model showed isolation trench 
structure would have been 
improperly exposed to subsequent 
DRIE

Oxide

Metal
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Cut line for cross section

During development of X-FAB’s technology, undesired pockets formed 
in mechanical layer during release etch

Detailed 3-D process model of the 
protective oxide layer confirmed the 
hypothesis about the process failure:

The release etch for the movable parts 
was etching through thin spots in the 
protective oxide layer

3-D Model
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Volume Production

Ramp-up

Process
Development

Process
Integration

Documentation
& Training

DfM for
Designers

Design
Review

Failure
Analysis

Yield
Enhancement

3-D process modeling is useful throughout the product development cycle
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