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I. INTRODUCTION

1. Democratization of IC Design in Semiconductor Industry
   - Recent developments in open-source silicon reflect the necessity for democratizing the Integrated Circuit (IC) 
design process to address challenges in the semiconductor industry [1].
   
2. Global Chip Shortage and Its Impact on Open-Source IC Design
   - How the global chip shortage raised awareness of gaps in the semiconductor supply chain and how 
open-source silicon can help alleviate these issues [2].

3. Attracting New Talent Through Open-Source Initiatives
   - The role of open-source IC design in fostering innovation, reducing costs, and accelerating the 
design-to-production cycle, while attracting fresh talent to the semiconductor industry [3].

4. Collaborative Channels and Open-Source Movement in IC Design
   - Advantages of leveraging open-source collaborative channels in IC design (e.g., tools and process design kits) 
for innovation and cost reduction.
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5. TinyTapeout:  New Approach for Low-Cost IC Prototyping
   - The significance of the TinyTapeout methodology for low-frequency digital and analog IC projects within the 
open-source ecosystem [4].

6. Lack of Consolidated RFIC Design Flow
   - Current limitations in open-source IC design for RFICs, and how it impacts key industries such as 
smartphones [5], Internet of Things [6], 5G [7], and quantum computing [8].

7. Challenges in RFIC Design: Modeling of Passive Components
   - Addressing one of the main bottlenecks in RFIC design: accurate modeling and integration of passive 
components like inductors into development flows [9].

8. RFIC-Oriented Flow Using ASITIC
   - The use of ASITIC [10] for inductor modeling and generation within an RFIC-oriented flow for open-source 
IC design.
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9. Parallel LC Filter Design Example Using Sky130 Open PDK
   - A case study on designing an ISM 2.5 GHz parallel LC filter using the Sky130 open process design kit [11].

10. Verification and Simulation Tools for Open-Source RFIC Design
    - Overview of tools such as Magic [12], Netgen [13], Xschem [14], and Ngspice [15] in the physical 
verification and simulation of RFIC designs.
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II. INDUCTOR MODELING AND PROPOSED FLOW

 

Fig. 1. Pi-equivalent circuit of the inductor. [16]This model offers a more accurate representation 
of the behavior of the integrated inductor.

Inductor′s pi equivalent
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Fig. 2. Proposed inductor modeling flow.

Proposed inductor modeling flow

 

Fig. 3. The 1 nH inductor generated by ASITIC (grid = 20 µm).
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Fig. 2. Proposed inductor modeling flow.

Proposed inductor modeling flow
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Fig. 4. Inductor’s Impedance, Real and Imaginary Part simulation to 
check it self-ressonant frequency.

At self-resonant frequency of 27.58 GHz:
1. Maximum Impedance and Real Part
2. A zero Imaginary Part

III. INDUCTOR SIMULATION

 

✔ Ensuring the inductor’s proper operation 
within this frequency band.
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Fig. 6. Flow for the LC circuit design.

Flow for the LC circuit design.

• This flow is similar to an analog IC design flow

Fig. 5. Parallel LC filter schematic.

IV. LC FILTER DESIGN
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Fig. 7. LC circuit layout (grid = 10 µm).

Flow for the LC circuit design.

Modification (1):
• Add the rmetal5 layer to one port of the inductor (Fig. 6).
• The rmetal5 layer, while physically metal, is extracted as 

a resistor during netlist extraction in Magic.
• This modification prevents short circuits by ensuring the 

inductor is treated as a wire during extraction.

IV. LC FILTER DESIGN



12

Fig. 8. Parallel LC filter schematic considered to LVS.

Flow for the LC circuit design.

Modification (1):
• During LVS, the circuit is simplified to consist of a 

capacitor (C) and a single resistor (rmetal5).
• The inductor is effectively replaced by the rmetal5 

resistor in the extracted netlist for LVS purposes, ensuring 
the design is treated correctly.

IV. LC FILTER DESIGN
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Fig. 9. Parallel LC filter layout considered to PEX (grid = 10 μm).

Flow for the LC circuit design.

Modification (2):
• Remove the inductor from the layout before conducting 

PEX.
• This removal is essential because the inductor's 

pi-equivalent circuit already accounts for its inherent 
parasitics.

• Conduct PEX to extract only the remaining parasitics of 
the LC circuit.

• The combined parasitics with the inductor model can then 
be utilized for post-layout simulations

IV. LC FILTER DESIGN
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Fig. 9. Parallel LC filter layout considered to PEX (grid = 10 μm).

Simulation

• Observe that the LC circuit reaches its maximum 
post-layout impedance at a frequency of 2.45 GHz.

• Note a frequency shift of approximately 50 MHz when 
incorporating the parasitic extraction (PEX) data into the 
simulation.

• Record any changes in the magnitudes of the impedance 
parameters resulting from the inclusion of PEX data.

IV. LC FILTER DESIGN
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IV. CONCLUSIONS AND FUTURE WORKS

• Feasibility of Inductor Modeling and Generation Flow: this paper demonstrates the design of an LC circuit to 
validate the feasibility of the proposed inductor modeling and generation flow, which can be integrated into an 
open-source IC design flow for RF circuits.

• Integration of Open Source Tools in RFIC Design: The proposed flow leverages popular open-source tools for 
Analog IC Design alongside ASITIC, incorporating specific modifications to create an RFIC-oriented design.

• Importance of Inductor Synthesis in RFIC Design: Although RFIC designs encompass more than just inductor 
synthesis, this step is critical for progressing toward a more comprehensive RF Open Source IC (RFOSIC) Design 
Flow.

• Future Development Needs for the Design Flow: Future improvements should include the development of an 
open-source alternative to ASITIC, integration of EM solvers within design tools, support for additional open 
PDKs, and methods for indirect testing using TinyTapeouts.
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