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Why use Electromagnetic (EM) simulation?

Interconnect layout adds series R,L and shunt C

No electrical model of layout/interconnect in the PDK

We can use EM simulation for this part of design

FDTD method in openEMS valid up to highest frequencies
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EM simulation in the overall workflow

Need to separate layout/routing from device models, EM model includes layout only

Create “ports” at the interfaces where EM model connects to circuit models

Run in EM simulator, result is black box data over frequency

Connect EM Black box data with device models in 
circuit simulation
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Basis of this work: openEMS by Thorsten Liebig
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FDTD Method used in openEMS: Mesh

Simulation method is Finite Difference in Time Domain

Simulation domain is divided into many small boxes

Calculates all E, H value for each box at one timestep, then next timestep, next timestep…
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Von FDominec - Eigenes Werk, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=37637085



FDTD Method used in openEMS: Time Domain

Excite one port with gaussian pulse => wideband continuous spectrum

FDTD calculates E and H in time domain, step by step, until energy in model is (near) zero

From time signals at ports, we get wideband S-parameters using Fourier transform (FFT)

This gives one column of S-matrix (wideband) per port excitation

Repeat for all ports to get full [S] matrix
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Old method: RFIC EM model using plain openEMS

Old EM model uses one large file with Python code for openEMS API

All technology materials + stackup defined in that model code 

Full layout must be coded in the model, polygon by polygon, point by point

Meshing of simulation model must be coded by user specific for his geometry
or use inefficient uniform mesh across entire model

Much „infrastructure“ and „housekeeping“ code blows up the model file

Large file, lots of code lines, difficult to create and difficult to re-use

Slow simulation when using the simple uniform meshing

We have a better solution now!
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New: Make openEMS easier to use for RFIC work

https://github.com/VolkerMuehlhaus/openems_ihp_sg13g2

New workflow adds additional software layer that specifically targets RFIC EM use cases

Modular approach, keep the main model simple & clean, easy to re-use

Read geometries directly from GDSII layout files (no prior conversion needed)

Read all technology stackup & material data from XML file

Geometry pre-processing options, e.g. via array merging

Automatic meshing based on GDSII data, reduces total mesh count and speeds up simulation

How to use: For new model, find the closest match from existing examples and 
change only a few code lines
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https://github.com/VolkerMuehlhaus/openems_ihp_sg13g2


New workflow minimum example
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Layout file to simulate

Simulation model script

Technology stackup file

Utility function modules



Geometry input file, stackup input file
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Simulation control

Mesh is built automatrically based on geometry

Only one parameter to set required minimum mesh size (required detail resolution)
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Mesh refined at edges

Coarser mesh elsewhere



Margins and simulation boundary

04.09.2025 www.ihp-microelectronics.com | © IHP all rights reserved 15



Ports: in-plane or vertical between layers

In-plane ports between metals on same layer

Vertical ports between metals of different layers
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Port configuration in new workflow

Port shape defined in GDSII on special layer (recommended 201 and above)

Separate layer per port

PDK pins from GDSII not used
because they have wrong shape
and position
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Simple model: Transmission line

Geometry: TopMetal2 transmission line with Metal1 ground plane

Metal1 ground plane must be drawn to include it in model

Input port 1 drawn as small box on layer 201

Output port 2 drawn as small box on layer 202
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Code from run_line_viaport.py
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Run model

Change to model directory

From command line: python3 run_line_viaport.py
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FDTD Simulation (finished)

Simulation of this port excitation is finished when residual energy is below limit defined in code
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Data plot, create data file
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write S2P file

S2P output file

S11 plot

S11 plot
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Meshing goals and requirements

Different from FEM method, FDTD uses fixed mesh. No adaptive mesh refinement during simulation.

Skin effects pushes current to conductor edges, refine mesh there

Larger mesh cells inside, not much variation of current flow there

Upper limit for mesh cell size given by wavelength, at least 10 cells per wavelength required

Smallest „target“ mesh size defined by user
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Create xy mesh from polygons

Step 1: Create lines at all polygon edges, with different „weight“ for different polygon types:
port edge = 20, polygon edge = 10, via edge =5

Step 2: Place extra mesh lines along diagonal edges, these fill lines have weight = 1

Step 3: Remove mesh lines that are too close, replace by one combined mesh line, 
position based on weight of lines that we merge together here

Step 4: Add intermediate mesh lines in large mesh cells

Step 5: Check for possible remaining gaps, add lines required for smooth mesh
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Antenna mesh example
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Simulation vs. Measured: Inductor 2nH @ 10 GHz
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Limitation: EM model uses planar stackup
Conformal passivation has some air between traces
Commercial EM with planar stackup: SRF = 23.8 GHz
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Summary and Outlook

openEMS is time domain EM simulation, results are the usual *.snp Touchstone files

New workflow reads geometries from GDSII, models are much easier to re-use

Simulation port geometry defined in GDSII file on extra layers (recommended 201 and above)

Port parameters are set in Python model file, pay attention to port direction and polarity

Simulation mesh requires only one user input, to set minimum mesh cell size

Work in progress: add support for multi-chip module simulation

Work in progress: create similar workflow for FEM instead of FDTD
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