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About this presentation

It is about our explorations in
Design and optimisation automation of PCB layouts

for Power Electronics
and we share the experiences, 
  initiate the discussions, 
   tell what doesn’t work and what may work,
    and look forward to future collaborations.



Outline

• Background, Aims and Objec@ves – why we’re doing this
• Methodologies – what are the ideas
• Implementa@ons – what we have encountered
• Examples – what we have done
• Conclusion – next plans
• Q & A



Background – the trend

Image: automa+onworld.com

My interpretation:
1.0 – New power sources
2.0 – New production tools
3.0 – Automated production processes
4.0 and future – 

Automated design processes



The linkage to Power Electronics

• Almost all electrical/electronic products have a part of power 
electronics – as long as there is energy conversion!

• Need to redesign them every time?
• Need to optimise for efficiency, cost, volume and weight …

Source: consumertechtips.com, portlandgeneral.com



An emerging demand of more circuit designs

PSU A

Product A

Product B

Product C450 W, 12 V

Conventional
Approach 300 W, 12 V

DC-DC 400 W, 5 V

445 W, 12 V ✓ Exact match

✗ Extra loss/cost on additional stage

✗ Over-spec power wattage

More ad-hoc
Approach

Product A

Product B

Product C

PSU A

PSU B

PSU C

400 W, 5 V

450 W, 12 V

300 W, 12 V

3x the work of design, development and testing!

✓ Exact match

✓ Exact match

✓ Exact match

Exact match means
• Optimised size
• Optimised efficiency
• Optimised cost



Run-down of a generic PE design

L. E. Amaya, P. T. Krein and F. N. Najm, "A design methodology for power electronics," 5th IEEE Workshop on 
Computers in Power Electronics, 1996, pp. 52-57, doi: 10.1109/CIPE.1996.612336.

Not yet! Circuits need to be built on PCBs

Automated

Automated
w/ database

Automated
w/ database

Most of these steps have 
been well studied.



A resketch, rough and messy…
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A resketch, rough and messy…
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ExisCng auto-rouCng and auto-placement
• Problems:
• Simplified models assuming PCB tracks are ideal conductors
• No or little considerations on component interconnections
• Work for simple, low frequency circuits
• Integrated calculators mainly for impedance matching and latencies à for 

high-speed mixed signal circuits

Altium Designer EAGLE KiCAD



Unsuitable for Power Electronics!

• For power electronics we care about:
• Energy efficiency!

• Less I2R loss
• Faster and clean dv/dt and di/dt edges
• In other words, need traces to be as close as ideal

• Box volume
• Thermal dissipaXon (e.g. balanced distribuXon)



Method: Generative and Evaluative

Pahern
Generadon Evaluation



The scope

• We target on PCB layout automation only
• Automated placement
• Automated trace layout, and copper pours
• Automated via placement
• CAM files generation

• In future developments we would like to integrate with other design 
automation tools
• Topologies
• Component selection
• Control
• …



Assumptions

• Circuit topology is known
• Components, including values and packages are determined
• Circuit operation is known
• Therefore, all node voltages and terminal currents are known, through SPICE 

simulation

• Targets in layman’s words:
• Least Ohmic loss on PCB
• Least parasitic impact
• Use intuition to define what is the best PCB layout 



ImplementaCon – an overview
Input: netlist Input: footprint
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Input: Netlist

• Widely used to represent circuit – the machine readable schematic
• Used for both simulation and topology extraction
• Examples:

.net file for SPICE .brd file from EAGLE



Simulation result extraction
LTSPICE outputs .raw waveform files includes all
• Voltages on nodes
• Currents on component terminals

Unfixed step-size: Lomb-Scargle periodogram to 
find out the period

We fetch:
• Maximum absolute value and RMS value of 

all node pairs voltages, and their derivatives
• Maximum absolute value and RMS value of 

all terminal currents, and their derivatives



Simulation result extraction

• For voltages between any pair of nodes (nets)
• 𝑣!"#  à related to clearance distances
• d𝑣/d𝑡 à related to stray capacitance, need to be minimised
• 𝑛 nodes à 𝑛(𝑛 − 1)/2 voltage differences
• For current between any pair of terminals (pads) – “connections”
• 𝑖!"#, 𝑖$!% à related to I2R losses
• d𝑖/d𝑡 à related to impacts from inductances



Placement solution space 
• For each component: origin offset (𝑥, 𝑦) and angle (𝜃), all ∈ ℜ

• Regardless of the shape of the component

• Still limited degree-of-freedom, 3x (component count-1)

Ref & most CAD: only limited to orthogonal placement

Y. Fukumoto, S. Miura, H. Ikeda, T. Nakayama, S. Tanimoto and H. Uemura, "A method of automatic placement that reduces electromagnetic radiation noise from digital printed 
circuit boards," IEEE International Symposium on Electromagnetic Compatibility. Symposium Record (Cat. No.00CH37016), Washington, DC, 2000, pp. 363-368 vol.1, doi: 
10.1109/ISEMC.2000.875594.

In pracdce:

Image: Ken Shirriff

http://www.righto.com/p/about-ken-shirriff.html


Implementation – Component placement
Genetic Algorithm

candidates

(x, y), angle

Inidalizadon Mutation

Evaluadon

Advanced
Mutation Weightings

Greedy
Method R/L/C

Local Optimum

Itera7on Optimization

Pull, Slide, Rotate, Flip … i, v, di/dt, dv/dt …

Selection Pool



Connecting pads with traces

Left trace laid Connect through 
bottom layer 

Connect on the 
same layer

Bug algorithm – walk around obstacles
A* search algorithm – existing and predicted cost weightings via key points

Straightening 
some corners



Copper pouring
Rasterised approach 

Vector approach
Very complicated 
computation near 
narrow and sharp 
corners. 👎

Acceptable resolution 
and execution efficiency, 
easy to control speed of 
expansion. 👍

Amer pouring, the rasterised copper areas will be converted 
back to the vector formats.



Examples – Placement 
A simple case with four chip resistors head-to-head



Examples – Placement and Copper Pouring
A simple case with five major components in a boost converter.



Example: A Simple Boost Converter
A more practical example: a boost converter with connectors and gate driver 

Placement Layout (top layer)

Layout (bottom layer)Product



Example: LT2937A Boost Converter 

DC2937A Eval Board
4-Layer

By PEPCB
2-Layer

By PEPCB
4-Layer

2.5x smaller than eval board, 30 minutes on i7-10510U+16G RAM



Conclusion

• We have explored automated PCB layout design including the steps of
• ExtracXon of circuit topology and voltage/current informaXon
• Synthesising grouping hierarchy and weighXngs
• AutomaXc placement subject to given rules and objecXves
• AutomaXc trace connecXons and copper pouring 

• Big picture is s@ll gene@c algorithm, but lots of the works are done by 
hard-coding for beYer efficiency
• We’re s@ll improving all steps through tes@ng with more complicated 

circuits. Many techniques are constantly being evolved.



Additional notes

• We have used Python for generation most of the examples in this 
presentation. We are migrating the algorithms to C++ for better 
performance and more rigorous pre-compile checks.
• We have used floating number for vector coordinates. We will move 

to integers to avoid boundary ambiguity problems.
• Limited by the length of the presentation, we cannot include all 

details. Please feel free to contact us!



Thank you!
For any queries please contact cheng.zhang@manchester.ac.uk 
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