Challenges for Automating PCB Layout

Wen-Hao Liu

Principal Research Scientist
Nvidia Research
wenhliu@nvidia.com



Background

Digital Design PCB Design
Large size, standardization, fully-automation Human-managable size, customization, manual design
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Motivation

* Printed circuit board (PCB) design 1s typically done by semi-auto or manual manners in the past

» The scale of PCB designs rapidly enlarges, such that the engineering effort of the manual design increases
dramatically.

* PCB houses are looking for the productivity improvement contributed by automation

Big PCB Designs:
>2K components
>200K nets
> 60 metal layers
> 200 routing rules
(40 layout engineers, 1 month effort )
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PCB Layout Flow

Layout Planning and Rule Setup

» At the planning stage, PCB houses rely on experienced engineers to plan the
footprint, routing layers, and environment setup for a PCB design.

» Rule setup 1s labor intensive

Wiring Impedance Min/Max Propagstion Delays  Total Etch Length  Differential Pair  [TIPT IR SRV PPRTTE N, PIPN

| Verification and Validation
Allegro’s constraint manager
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PCB Layout Flow (cont.)

Layout Planning and Rule Setup

* The functionality of a PCB design 1s compiled by different combinations of
components. Different components have different tradeoff between
performance, cost, area, and power. The designers need to select the
components wisely to meet the spec with minimal cost.

 Different components have different usage model and limitation specified in a
corresponding datasheet or document.

Components Data Sheet

140SC...-PCB / 420SC...-PCB Series
iti isi sure transdu

& . Signal conditioned precision pres cers
Capacitors Resistors Inductors
FEATURES
- 1to 150 psi
absolute, gage or di
_| I_ ( H; _:_ L (custom calibrations
‘ R — Y Y 1..6Vord.20mAo
C Internal supply regul;
Precision temperatun sated
o and calibrated
S
\ Special calibrati
volumes on request

EEEEEEE

=— g PIC16F/LF1825/1829

Diodes Transistors

TR

PR

working fluids,
such as dry air and dry gases
SPECIFICATIONS ELECTRICAL CONNECTION .
. i ' mtrollers with nanoWatt Technology
Maximum ratings
S",ﬂgég:gga 7.04V 1...6 V output version
420SC. .-Pﬁl‘:“ 1 12,36V WS 7vimzav Extreme Low-Power Management
jcad curren .
PCBany . PIC16LF1825/1829 with nanoWatt XLP: mm pitch, 5.2 x 3.8 mm bo
S L « Sleep mode: 20 nA
o « Watchdog Timer: 500
4 « Timer1 Oscillator: 600 s
in
Analog Featur Mi M

.
B

@)

~

™

psi
200 psi

Verification and Validation

P All 150 psi devices
~
~
31 kHz Low- ntern i
« Four Crystal modes up to 32 MHz
« Three External Clock modes up to 32 MHz
+ 4X Phase Lock Loop (PLL)
« Fail-Safe Clock Monitor:
l ' I - Allows for safe shutdown if peripheral clock
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PCB Layout Flow (cont.)

Layout Planning and Rule Setup

* Designers draw the logical connectivity between components and assign proper
voltages for components. Then, run SPICE simulation for the schematic to
verify 1ts behavior.

Schematic
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PCB Layout Flow (cont.)

Placement stage puts components in PCB outlines using the following
operations

Move components
Rotate components
Enlarge or shrink outline
Re-select component

Layout Planning and Rule Setup

Verification and Validation
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PCB Layout Flow (cont.)

Layout Planning and Rule Setup

* Routing stage creates wires and vias using semi-auto or manual solutions

» Co-optimize routing and placement for routability

* Post refinement 1s involved to spread and size wires to improve yield and
performance.

ZETa3n Zaraan

Before post
refinement

{ IR # /MEIER# / VP P+3V3

.+ B After post refinem
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Verification and Validation
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Automation Opportunity — Component Selection

Layout Planning and Rule Setup

C2

Component Selection

» Use Large Language Model to select components [1] and rule setup

Capacitors Resistors Inductors

- ¢
C T

# 1
» @

R N

By

Component
Selection

0 ® @

Transistors

140SC...-PCB / 420SC...-PCB Series
Signal conditioned precision pressure transducers

FEATURES

+ 1to 150 psi
absolute, gage or differential pressure
(custom calibrations available)

* 1..6 Vor4...20 mA output
* Internal supply regulation

+ Precision temperature compensated
and calibrated

Rule Setup

- Spegcial calibrations for small
volumes on request

Physical Layout (Place and Route

SERVICE
Non-corrosive, non-ionic working fluids,

bttt IS 1 PIC16F/LF1825/1829

- [Electrical / Net / Routing) =] x

Allegro Constraint Manager (connected to OrCAD PCB Designer Professional w/PSpice 17.4) [designdb2]

. [11htt
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resources.altium.com/p/can-you-use-chatg;
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SPECIFICATIONS ELECTRICAL CONNECTION .
N N ntrollers with nanoWatt Technology
e ngs - Worksheet Seector
1405C...-PCB 7.24v | 1-8Vouteutversion PR
M?PSC X Pﬁﬁ' . 12..36V ™ 7veav Extreme Low-Power Management e
dmumlogd curon PIC16LF1825/1829 with nanoWatt XLP: i ¥ W flectical Constrant Set
140SC..-PCB only 2 mm pitch, 5.2 x 3.8 mm body)
Saurce 20mA A - Yot 3 + Sleep mode: 20 nA DettacTolerance
T;;mmelm‘s 10mA ] v « Watchdog Timer: 500 nA
i .
gpe 755(?: ’ ggug N @ Timer1 Oscillator: 600 nA @ 32 kHz o
raling (085" . — 1
Compensated 0t070°C Analog Features: MIN. | TYP. | M
Lead temperature + Analog-to-Digital Converter (ADC) Module: | I v designab2
(10 sec. soldering) 30C | 4.20mAcutputversion sing - 10-bit resolution, up to 12 channels 1 ot
Humidity limits o P ing - Auto acquisition capability e
P:;:::Jgs only 0-100%RH 2 o - Conversion available during Sleep cLocxn
ool gy p—— 20psi g5 - N : « Analog Comparator Module: DAC_CLOCK
A3 psl dovicos S0ps ) - Two rail-to-rail analog comparators eiatie Propagation Delay —
All 30 psi devices 80 psi Vs R oo - Power mode control
Al 100 psi devices 150psi 7 - Software controliable hysteresis JOUTA
Al 150 psi devices 200psi - Voltage Reference Moduie ow |
- Fixed Voltage Reference (FVR) with 1.024V, sotprint) weo K
+ Precision 32 MHZ Intemal Oscilator Block 2048V and 4.096V output levels
- Factory calibrated to + 1%, typical - 5-bit rail-to-rail resistive DAC with positive mct
- Software selectable frequencies range of and negative reference selection -
31 kHz 10 32 MHz
. (=)
+ 31 kHz Low-Power Intemal Oscillator Peripheral Highlights: =
« Four Crystal modes up to 32 MHz « Upto 17 /O Pins and 1 Input Only Pin. e
« Three External Clock modes up to 32 MHz - High current sinkisource 25 mA/25 mA mcs
« 4X Phase Lock Loop (PLL) - Programmable weak pull-ups =
« Fail-Safe Clock Monitor - Programmable interrupt-on-change pins
- Allows for safe shutdown if peripheral clock « Timer0: 8-Bit Timer/Counter with 8-Bit Prescaler c mcz
+ Enhannad Tigart
D
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Automation Opportunity — Schematic Verification

Layout Planning and Rule Setup

» Designers usually need to check the datasheet time to time during
schematic drawing stage to verify the correctness of the schematic.

» The work [3] uses machine learning (ML) model to parse the datasheet
and schematic diagram to verify its correctness.

Debugging
Information

140SC...-PCB / 420SC...-PCB Series

Signal conditioned precision pressure transducers

FEATURES
+ 1to 150 psi
absolute, gage or differential pressure
. calibrati ot

-+ 1...6Vor4..20 mA output

+ Internal supply regulation

and calibrated

- Special calibrations for small
volumes on request

SERVICE

it s et T e PIC16F/LF1825/1829
SPECIFICATIONS ELECTRICAL CONNECTION

mtrollers with nanoWatt Technology

g
PIC16LF1825/1829 with nanoWatt XLP:

+ Sleep mode: 20 nA
« Watchdog Timer: 500 nA
« Timer1 Oscillator: 600 nA

mm pitch, 5.2 x 3.8 mm body)

MIN. | TYP. | MAX.

Verification and Validation

ootprint)

Peripheral Highlights:
. /0 Pins and 1 Input Only Pin:

Or
able weak pull-ups
able interrupt-on-change pi

[3] K.-C. Chen et al, “Massive Figure Extraction and Classification in Electronic Component
Datasheets for Accelerating PCB Design Preparation,” in Proc. of MLCAD, 2021. S NVIDIA




Automation Opportunity — Auto Layout

* Auto placement and routing solutions are investigated by EDA companies in decades, but it does not meet designers’ expectation for
general usage due to the following reasons

* High placement and wire density
* Custom rules

* Intelligently use rule tolerance

* Low return of investment

» Standardization is required
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Automation Opportunity — Auto Layout

» PCB layout requires place-and-route co-design. There are several actions which are executed iteratively to approach
g0od a solution.

* The work [6] suggested to use reinforce leaning agent to explore the best action according to the current situation.

Evaluations Actions

Problem Space

- |6] Taylor Hogan, “Goal Driven PCB Synthesis Using Machine Learning and Cloud Scale Compute,” in Proc. of ISPD, 2023. <AnviDIA I



Take Away

Because the size of PCBs increases dramatically, the need of PCB automation becomes more and
more critical

Push-button solution may not be realistic at this movement, but we can consider automation
engine as an assistant to help productivity

There are several ML-based solutions which can help productivity for PCB design

Standardization 1s necessary for automation

NVIDIA



