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Vacuum Controls Requirements

LCLS-II Vacuum Controls Systems

• Physics Requirement Documents

• Preserve vacuum

• Preserve vacuum components

• Ability to controls and monitor vacuum systems/devices remotely

• Controls FRS-ESD

• Maintain high availability

• Modular PLC code and SCADA code libraries

• Standard hardware and interfaces

• Include testing and troubleshooting through all phases of the system’s life cycle

• Enable straightforward and timely upgrades and deployment

• Record vacuum events
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● Experiment system vacuum controls architecture:

● Informs all phases of a vacuum system lifecycle 

● With a full stack of integrated software and hardware 

● Complement of software and hardware tools 

● Enables a straightforward delivery of vacuum controls system 

• Development and Deployment

• Testing and Checkout 

● Beyond the LCLS-II project

LCLS-II Vacuum Controls System - Architecture
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Time for an upgrade.



Experiment Controls full stack integration.

LCLS-II Vacuum Controls Systems - Architecture

o UI/UX screens

o Ophyd devices

o EPICS interface

o Beckhoff Communication interface with EPICS 

(ADS)

o Beckhoff PLC – Software libraries

o Device/Controller interface I/Os
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Vacuum Controls Stack

Device/Component

Beckhoff PLC

Control/Interlock Logic

PMPS/EPS Logic

EPICS

IOC

UI/UX

Channel Access

ADS

Ethernet/Serial

I/O



Device Component - IO

● Cable design

○ Cable type

○ Connector

○ Pinouts

○ Fabrication information

● Standard CAD Macro

○ Cable number

○ Signals

○ Termination

○ I/O terminals

● Test Box

○ Verify cables fabrication 

○ Verify termination
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It all starts at the connector.



Vacuum Library

● Basic operational functionality and Interlocks are 

implemented in the PLC

○ Bundling data and logic together as a single unit

○ Structure includes all device PV/data

○ All I/Os definitions

○ Protection/Run Logic, MPS

○ PLC variable tagging

○ Logging.

● Unit Testing

○ Ensures any modifications to existing device 
didn’t break basic functionality and interlocks

○ Reduce deployment time for future library 
releases
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Complete TcLibraries code with unit tests.



Vacuum Library- Logging

● Logging functionality is fully integrated in the library 

code

○ Messages can be logged every PLC cycle

○ Device state changes

○ Actions

○ Interlock events
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Vacuum and device state events are recorded.



Vacuum Library- Simulator

● Simulation Library
○ Each vacuum device has its own simulation 

function block

• All I/Os definitions (inverted)

• Simulate the device functions

• Simulates vacuum volumes

● EtherCAT Simulation

○ Connect the PLC to a simulation computer.

○ EtherCAT features on the simulation computer 

are modeled.

○ No additional reconfiguration needed
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Testing, testing, testing.



EPICS Interface

● ADS deploy and  Pytmc

○ SLAC-defined Pytmc pragmas to tag variables and 

data structures of the PLC code

○ Automates and simplifies accessing PLC variables 

through EPICS

○ EPICS DB records are generated automatically

○ ads-deploy wraps the above tool to generate a 

templated IOC and ready it for usage

● EPICS device drivers

○ Stream Device and Modbus

○ Configuration variables

○ Device meta-info

○ Long-term device status variables
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Automatic generation of db files from PLC.



● Ophyd

○ Typhos uses ophyd objects to auto-generate 

device engineering screens

● PyDM  Widgets

○ Widget stylesheet  customizing the appearance of 

the widget based on the values of a number of 

PVs 

UI/UX - Ophyd and PyDM
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Automatic generation of detailed engineering screens.



LCLS-II Vacuum Controls Systems - Architecture

● Supported Device List (SDL)

○ Extensive list of vacuum devices

○ Fully integrated across the stack

○ Configuration Scripts

● Vacuum Design templates
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Standardisation.



Beyond LCLS-II.

LCLS-II Vacuum Controls Systems - Architecture
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SDL Design 
Templates



Thank you for your attention.
Questions?


