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Organization - Team

The TILES V3 project is a large multidisciplinary effort; today we will only focus on the embedded computing portion!
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Introduction and Background
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LCLS Laser Delivery

LCLS Laser Systems Integration

Laser Sources

Beam transport 
System

MODS laser 
system

● LCLS-II hutches use shared laser systems, 
distributed from NEH laser hall

● Laser systems are passed into a large, evacuated 
beam transport system

● Motorized optical switch yard allows routing of 
any supported source to any supported 
destination

● Mixture of 800 nm and 1030 nm systems provide 
stable, reliable "base" input beams

● The delivered base beam is further modified in the 
hutch

● The specific configuration in the hutch is tailored 
to meet the requirements from the instrument 
and the experiment at hand
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In the Hutch

● In the hutch, a modular laser table system 
("MODS") accepts the input beam and 
tailors it to through a series of modules 
with specific functionality

○ Beam conditioning (energy, wavefront, 
spot size)

○ Compression

○ Harmonics generation

○ OPA

○ etc.

● Each module has an array of control 
points and diagnostics for hands-free 
remote operation

● The constituent components of the 
MODS are called “TILEs”
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What’s in a TILE? 

Harmonics TILE
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A lot!

(Current) Maximum device/interface counts

● Motorized axes: 26

● Cameras: 6

● Spectrometers: 1

● Analog I/O: 4

● Digital I/O: 2

● Environment sensor (P / T / %RH): 1

● RS-232: 1

Standard TILE footprint: 1.5’ x 3’

Minimum TILE footprint: 1’ x 3’



Goals for the TILES system
High reliability

• Hardware and software

• Reduce downtime and troubleshooting efforts

Minimize time to exchange TILEs

• Reduce time from failure to operation

• Make the delivery system more re-configurable and agile

Small system footprint

• Reduce space claim in already crowded hutches

• Provide more room for optics

Integration path flexibility

• Provide access to wide variety of interfaces, devices, etc

• Allow for rapid adaptation to science needs

Standalone Operation

• Benchtop operation for system build and debug

• Reduce reliance on facility systems (NFS)
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Minimal external interfaces, maximum utility

Objective
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Cooling Water

Network

Power

Triggers 
(optional)

Fast ADC 
(optional)



Embedded Hardware
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Toradex

Embedded hardware

• Founded in 2003, headquartered in Switzerland

• Sell a wide range of embedded hardware at different 
performance levels

• Provide their own operating system as well as 
support for custom OSes via the Yocto project 

• Provide connectivity services for e.g. OTA updates, 
fleet monitoring

• Good system documentation and software support

• Design files for their commercially available carriers 
are made freely available

• Have internal experience using this vendor in a very 
similar application
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Toradex Aquila AM69 System-on-Module (SOM)

Embedded hardware

● Based on TI AM 69
○  8x cores @ 2.0 GHz
○ Up to 32 GB RAM
○ Up to 256 GB flash storage
○ 2x Integrated Arm M5 MCUs

● 6x Ethernet interfaces
○ 2x 10 Gb

● Up to 3 lanes of PCIe Gen3
● 8x integrated ADC channels, 4 Msps max
● 2x USB 3.2 
● Lots of peripheral interfaces (I2C, SPI, 

UART, QSPI, I3C, ….)
● Most powerful product from Toradex to 

date
● Minimum product commitment through 

2034
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Carrier Boards

Embedded Hardware

● SOM is a complete computer

● A carrier board is necessary to 
break out the available I/O to 
connectors

● Creates a more flexible 
hardware architecture 
where interfaces can be 
added/removed, form factor 
changed by exchanging the 
carrier while keeping the CPU 
the same

● Custom carrier boards can be 
designed to fit needs

Aquila Development Board

Aquila Clover 
SBC Carrier 

(120mmx120mm)

14



SLAC-designed carrier board

Embedded Hardware

• First revision of the board is complete​

• Final board dimensions: 6.5" x10.5"​

• SOM is connected to the bottom of the board

• Fabricated 4x first revision boards​ for testing
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Flexible Design

Embedded Hardware

SIP Modules

• “System-in-package”: pluggable 
modules that add/modify functionality

• Example: level shifting GPIO outputs

Used for:

• ADCs

• GPIO

• UARTs

• I2C

• SPI

• Trigger outputs
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PCMag

SIP modules plug 
into keyed 
headers on main 
board

Example SIP module

https://www.pcmag.com/encyclopedia/term/single-in-line-package


Custom Carrier Board – By the Numbers

Embedded Hardware

Interfaces and Subsystems

• Power conditioning and management

• 1x EEPROM

• 1x SD Card

• 12x hardware trigger outputs

• 40x GPIO

• 4x I2C

• 2x SPI

• 6x Ethernet (2x 10Gb, 4x 1Gb)

• 1x Display Port

• 9x USB-C (1x USB 3.2, 8x USB 3.1)
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• 6x UART (RS-232, RS485, …) 

• 8x ADC

• 1x JTAG

• 1x Serial debug interface

• 2x CSI

• PCIe (used to interface with 
FPGA SOM)

• 4x SFP+ slots (event timing, 
network)



Software and Build System
3
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How do we get to embedded EPICS?

Embedded EPICS
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Yocto Project

• Utilizes OpenEmbedded “bitbake” build tool and metadata 
system

○ Based on collections of metadata ("layers")

○ Basic unit of metadata is called a "recipe"

• Generates reproducible, reusable builds of embedded 
software, completely from source

○ Software re-use is a core feature

• Focused on versatility and providing tools for all use cases

• Good for complex projects, easily supports different project 
variations

• Has become the industry standard with support from TI, 
ARM, NXP, Microchip, ST, Renesas, …



Yocto has a layered architecture

MODS System Layers

Yocto/OE Core

Toradex BSP

MODS Distro Configuration

EPICS Support Layers

IOCs, GUIs, etc
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● Yocto/OE core
○ Core build system and Linux infrastructure

● Toradex BSP
○ Hardware support, some drivers

● MODS distro configuration
○ Choices about kernel, OS,  and development 

environment, etc.
● EPICS support

○ Libraries and modules for traditional or custom 
integrations

● Application layers
○ IOCs, GUIs, automation, vendor device SDKs, etc.



meta-epics!

github.com/pcdshub/meta-epics 21

http://github.com/pcdshub/meta-epics
http://github.com/pcdshub/meta-epics
http://github.com/pcdshub/meta-epics


A simple recipe

• Put significant effort into the build system, 
making EPICS easy(-er) in Yocto

• Most EPICS components are simple to add 
recipes for

• Inherit a lot of functionality from the epics-
module support class

• Need:

o Basic description of the package

o Licensing information

o Source location and revision

o Dependencies

o Special configuration information

22

EPICS calc module



areaDetector

A more complicated recipe...

• Builds areaDetector and all 
enabled submodules

• EPICS dependencies are 
managed by adding them to a 
variable, which is later parsed 
during the configuration step

• Any non-EPICS dependencies 
can be added to the build as well

• Additional scripts and 
procedures can be appended or 
prepended to any part of the 
build and installation process
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… recipe continues on



procServ + systemd

IOCs & IOC management

• ECS uses a python application for managing IOCs 
on standard production systems

o Requires access to NFS

• For this project, we're exploring managing IOCs 
using simple systemd services + procServ

• Example bbclass for generating service files 
for installed IOCs

• Plan to use simple scripts to manage IOCs on 
target

• Using an additional layer (meta-slac-epics) to 
integrate SLAC-specific EPICS modules and IOCs
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Future Work
4
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Full steam ahead to first article demonstration

What’s next? 

● PCBs have been fabricated, need to be tested 
before integration in larger system

● First full demonstration will be a compressor TILE

○ Most fully-loaded TILE design thus far

● Following successful first article demonstration we will look 
to integrate these systems into production designs
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meta-epics

● Continue to update and refine support

● Looking forward to any community engagement

○ GH Issues & PRs welcome! :)



Questions?
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