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Front-End FOSS/IHP RF IC Design Flow   
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Constructing User Defined Subcircuits  
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Building an RLCG Inductance Library: 1

 Assumptions: 1. Transverse Electromagnetic (TEM) mode propagation; 
2. Quasi-static behaviour (where the field distribution remains constant 
over one segment length); 3. Uniform distributed pararmeters (R, L, C and 
G) remain constant per length.

 High frequency effects (the above are no longer true):1. Wavelength λ is 
similar to inductor physical dimensions: to achieve good performance the RLCG 
length << λ/20; at f = 40GHz, λ = 7 mm, implying that five segments are a 
reasonable starting approximation; 2. Parasitic physical effects become dominant; 
both the skin and proximity effects are frequency dependent; 3. ElectroMagnetic 
effects are significant, for example radiation, eddy current loss and capacitive 
coupling: radiation effects are not implemented in standard  RLCG inductance 
models.
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Building an RLCG Inductance Library: 2

              Practical Frequency Limits of RLCG Inductance Models

Frequency (GHz)  Model Accuracy     Notes

DC – 10            Excellent         Lumped component or RLCG OK;

10 – 40 Very good ≥3 segments    Segment-level tuning required;

40 – 80 Good with ≥5 segments    Substrate and skin effects increase;

80 – 120 Moderate: just usable  Only Near the self-resonant frequency;  

  > 40 Use EM simulation   Fails to capture radiation etc.  
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Building an RLCG Inductance Library: 3

 One, three and five segment RLCG non-linear behavioural RF inductance models
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Building an RLCG Inductance Library: 4

 Creation of a Qucs-S User Library called ESSERClib
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Qucs-S IHP 130 nm HBT 60 GHz LNA: 1

 S-parameter test bench schematic, illustrating the use of IHP the Open PDK 
and Qucs-S User Libraries 
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Qucs-S IHP 130 nm HBT 60 GHz LNA: 2

 S-parameter and noise simulation output data for bcs, typ and wcs PDK corners  

 Best
 Case

Worst
Case

Typical
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Tuned Monte Carlo Simulation
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Monte Carlo Corner Simulation Data 
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Monte Carlo Histogram Test Bench: 1 

Set frequency
   to 60 GHz
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Monte Carlo Histogram Test Bench: 2
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Data Conversion to Octave m Files 
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Corner Simulation Histograms

BCS TYP WCS
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Improved RF Inductance Performance

IC Layout
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Summary

● This presentation reports on the application of FOSS tools for RF IC design using the IHP 
open-access  PDK for the SG13G2 130nm BiCMOS process node;

● Particular attention is given to illustrating how  FOSS tools are applied in the construction 
user designed model libraries for  RF IC design;

● A basic multi-section RLCG RF inductor model library, for the design of a 60GHz HBT LNA, is 
introduced and characterised;  

● The LNA design is centred around a single HBT biased from a 1.2V d.c. voltage, and 
behavioural inductors emplying RLCG transmission lines that include the effects of frequency 
dependant skin and proximity effects and substrate dielectric loss;

  
● The final section of the reported work introduces inductor design with octagonal spiral 

passive structures that are defined during IC layout, simulated by openEMS, characterised 
as s2p touchstone data and fed back to Qucs-S/Ngspice for simulation.

● Future work will continue the development of the topics presented at this workshop.
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    For more background on the use of open-access FOSS tools for IHP SG13G2 130nm 
    BiCMOS IC design, see

Brinson, M. (2024, September 9). QUCS-S - a central tool in the openPDK IC design flow. 21st MOS-AK/ESSERC Workshop (MOS-AK), Bruges (B). 
Zenodo. https://doi.org/10.5281/zenodo.14178763 

http://onlinelibrary.wiley.com/doi/10.1002/jnm.216
https://www.octave.org/
https://www.openems.de/
https://doi.org/10.5281/zenodo.14178763
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