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Agenda

= PCB platform design process

= Technical challenges
New intelligent routing technologies
Case studies
Summary
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PCB Platform Design Process

= Collect customers’ requirements
» Generate schematic and netlist
= Plan PCB layer stackup

= Create layout constraints

» Place board components

= Route board
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Technical Challenges

» Diverse PCB platforms, i.e., analog, digital, and mixed
signal designs

* Irregular routing patterns
= Complex and stringent layout constraints

= Manual and iterative process to arrive at an optimal
routing solution
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Technical Challenges

High density and high pin
Mechanical : =2 count package with over

tenti [
retention thousands of pins
N-1 CPU

Socket S - Very small interposer PCB
" geometry and limited routing

N-1 interposer PCB ._ space of 2"x3" or smaller

Socket
> . N Small BGA pitch size less than
Base Board 3 - N T
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Technical Challenges

B TestConX

TestConX Workshop

» |rregular routing patterns

» Complex and stringent constraints
including SI/PI requirements
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Manual Routing Bottleneck

= Most of the time is spent on routing the remaining 10% nets
= |[f no satisfactory solution is found, previous routings have to be

erased
» Have to explore new strategies and start over

» This manual trial and error process continues until all nets are
routed

Completion
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Disadvantages of Manual Routing

= |terative process requires user intervention

» Sequential process means only one strategy can be done at a time
= Very labor intensive

= Costly in terms of time and layout resources

= Low return on investment
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New Intelligent Routing Technologies

» Machine learning based routing techniques

» Use of Genetic Algorithms to optimize route strategies

» Use of Neural Networks to evaluate effectiveness of each solution
= New router performance scales well with computing resources
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Al Routing Process

» Layer assignment (Via exploration and learning)
= Al directed global router is used for topological routing

» Detailed router transforms topological routes into DRC clean wires
= Delay and phase tuning

» Global and detailed routers co-optimization
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Al Smart Router Flow

Layer Selection GO-LEARN
Via Strategy
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Evolutionary Via Strategy(Genetic Optimization)

No Via on Layer N Chromosome 0

1 Via solution on Chromosome 1
layers n, m

1 Via solution on Chromosome 2
layers n, m

Move Via

Bundle Solution on
layer n

Diff Pair on Layer n Fithess Function
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Via Strategy Actions

Connection using one via between

Connection using no via _
layer A(blue) and layer B(pink)
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Genetic Optimization

No Via on Layer N

1 Via solution on
layers n, m

1 Via solution on
layers n, m

Move Via

Bundle Solution on
layer n

Diff Pair on Layer n

B TestConX

TestConX Workshop

Selection Mutation

T T 1

Connection : Via Action

Fitniess Chrgmosomes

Fitness Function
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GO Fitness Functions
| MName | Descripion | Po____ | _ Con |

. Returns the sum of the total Fast, and easy to determine if the Does not consider
Crossings number of connection crossings flow is working as it can be congestion.
on each layer. manually validated.

Returns the worst congestion Better than Crossings with Large

given the probable routes respect to accuracy and still fast. approximation of
the routing space,
not very accurate.

Returns the number of un- Extremely accurate Slow
connects from a Fast Global
Router

Convolutional Neural Net Somewhat accurate, Requires careful
trained on Actual Router instantaneous speed. Can be training.
trained on different design styles.
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Limitations of Evolutionary Via Strategy

= Will find a good solution (eventually)
» Each case is a ground up optimization process
= |nefficient use of information

What if this system could learn from past designs?
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Reinforcement Learning Strategy

A(n) B(n,m)

1 1 1
Via Agent
REWARDS

ACTIONS

Reward Generators
] ] ]

RUDY CNN
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Reinforcement Learning Strategy

ACTIONS

Reward Generators
] ] ]

Router SI/PI Thermal
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Global and Detail Routers

Topological routes produced by the Al Global Router Transformed routes from the detail router
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Delay and Phase Tuning
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Routes prior to delay and phase tuning Routes after delay and phase tuning
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Al Smart Router Advantages

Manual Routing Legacy Auto Al Smart
Router Router

Stackup
planning

Constraints v v
creation

Components v v

placement

Manual and Using DO files
Routing ) . and need
interactive debugging

Improved speed
for some simple
designs
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Interposer

Manually routed and tuned CPU N-1 Automatic routings of N-1 CPU interposer using
interposer (120 hours) the Al Global router (45 minutes)
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Case Studies

Open Source PCB 1 Another type of Interposer
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Case Studies

Open Source PCB 2 Modular Validation PCB
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PCB Complexity and Routing Challenges
+ Complex BGA | ome [ camviton [ s [ wwes | v [

escape/fanout Another type
of Interposer
= Power plane
generation Open Source
= Advanced design

con Strai N tS Open Source
PCB 2

100 2041 8787 13820 14

Modular
Validation
Board
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Future Plans
» Implement reinforcement learning via strategy

» Expand RL framework to include component placement
and metal fill

» [ncorporate SI/Pl/Thermal reward generators
» Layer utilization efficiency improvement

= Analysis driven optimization

= Constraint harvesting
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Summary

» PCB platform design is a complex and time consuming
process

= Manual routing methods are no longer able to meet time
to market requirements

= Machine learning based Al smart router drastically
accelerates the PCB design process
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COPYRIGHT NOTICE

The presentation(s)/poster(s) in this publication comprise the proceedings of the 2020
TestConX Virtual Event. The content reflects the opinion of the authors and their
respective companies. They are reproduced here as they were presented at the 2020
TestConX Virtual Event. The inclusion of the presentations/posters in this publication
does not constitute an endorsement by TestConX or the workshop’s sponsors.

There is NO copyright protection claimed on the presentation/poster content by
TestConX. However, each presentation/poster is the work of the authors and their
respective companies: as such, it is strongly encouraged that any use reflect proper
acknowledgement to the appropriate source. Any questions regarding the use of any
materials presented should be directed to the author(s) or their companies.
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