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Motivation

The Serenity-S1 board (see Torben’s talk) is very complex

• 2473 components in total

• 106 are (complex) integrated circuits

• Some require initial configuration (power supplies,…)
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Motivation

The Serenity-S1 board (see Torben’s talk) is very complex

• 2473 components in total

• 106 are (complex) integrated circuits

• Some require initial configuration (power supplies,…)

Initial commissioning has taken us weeks and requires 

detailed expert knowledge

• Manual commissioning revealed issues in many pilot- and 

extended pilot-production board

• Manual commissioning not feasible for a planned 

production of 725 boards

We need a reliable way to test the boards and automate 

the commissioning process
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Scope of the Test
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1-10 Boards 10,000+ Boards100-10,000 Boards10-100 Boards

Single-Item 

Production

Small Batch 

Production

Large Batch 

Production

Mass 

Production

725 Boards

Manual commissioning

• Multimeter

• Scope

• …

Highly automated and 

specialized testing

• In-Circuit Test (bed of nails)

• Flying-Probe Test

• …



Scope of the Test
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Factory Acceptance Test (FAT)

• Addition to the optical inspection done by the manufacturer

• End-of-line test directly at the factory (allow fast repair cycles)

• Mostly automated with a time scope of 10 minutes

• Can be done by non experts

• Focus on the active components

• Reuse existing tools to minimize development effort

➢ Goal: Every board that arrives at CERN works!



What does the Board already 
provide for testing?

Idea: Reuse existing resources on the board
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What does the Board already 
provide for testing?

Idea: Reuse existing resources on the board

• Two Test Headers

• Provide access to the power rails
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What does the Board already 
provide for testing?

Idea: Reuse existing resources on the board

• Two Test Headers

• Provide access to the power rails

• OpenIPMC

• STM32 µController

• Accessible via telnet
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What does the Board already 
provide for testing?

Idea: Reuse existing resources on the board

• Two Test Headers

• Provide access to the power rails

• OpenIPMC

• STM32 µController

• Accessible via telnet

• Kria K26 SoM

• Processing System with Linux

• Advanced board management tools (SMASH & EMP)

• Accessible via SSH
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What does the Board already 
provide for testing?

Idea: Reuse existing resources on the board

• Two Test Headers

• Provide access to the power rails

• OpenIPMC

• STM32 µController

• Accessible via telnet

• Kria K26 SoM

• Processing System with Linux

• Advanced board management tools (SMASH & EMP)

• Accessible via SSH

• FPGA

• Accessible via AXI C2C
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How to structure the FAT?

Idea: Reuse existing resources on the board

• Two Test Headers

• Provide access to the power rails

• OpenIPMC

• STM32 µController

• Accessible via telnet

• Kria K26 SoM

• Processing System with Linux

• Advanced board management tools (SMASH & EMP)

• Accessible via SSH

• FPGA

• Accessible via AXI C2C
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Test Flow

1. Short-Circuit & Impedance Test

• Measure the impedance of every power rail
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• Measure the impedance of every power rail

2. OpenIPMC Test

• Standby Power Test

• Commission the service area
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Test Flow

1. Short-Circuit & Impedance Test

• Measure the impedance of every power rail

2. OpenIPMC Test

• Standby Power Test

• Commission the service area

3. Kria Test without FPGA

• Using SMASH and the Serenity Toolbox to 

commission the payload area



How to structure the FAT?

Idea: Reuse existing resources on the board

• Two Test Headers

• Provide access to the power rails

• OpenIPMC
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Test Flow

1. Short-Circuit & Impedance Test

• Measure the impedance of every power rail

2. OpenIPMC Test

• Standby Power Test

• Commission the service area

3. Kria Test without FPGA

• Using SMASH and the Serenity Toolbox to 

commission the payload area

4. Kria Tests with FPGA

• Using a test firmware based on EMP to further 

extend the commissioning of the payload area



How to control the FAT?

Jupiter(lab) Notebooks combines code with documentation

• Markdown to provide instructions to the user

• Python to control the test flow

• Access the Serenity-S1 (OpenIPMC & Kria)

• Access the power supply and short-circuit tester

• Show test results
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1. Short-Circuit & Impedance 
Test

Using of the Shelf Test Equipment

• Impedance tester based on constant current source

• Measure the impedance of every power rail

• Comparison against nominal values
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1. Short-Circuit & Impedance 
Test

Using of the Shelf Test Equipment

• Impedance tester based on constant current source

• Measure the impedance of every power rail
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2. OpenIPMC Tests

OpenIPMC is an open-source implementation of the IPMC

• IPMC already includes power and temperature monitoring 

per ATCA standard

➢ This functionality can be reused for the standby power test
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2. OpenIPMC Tests

OpenIPMC is an open-source implementation of the IPMC

• IPMC already includes power and temperature monitoring 

per ATCA standard

➢ This functionality can be reused for the standby power test

Additional inputs are connected to various service area 

components

• Kria power supply

• Kria status signals

• UART to Kria

• Ethernet switch

➢ This functionality can be used to commission the service 

area components

Access via telnet
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2. OpenIPMC Tests

OpenIPMC is an open-source implementation of the IPMC

• IPMC already includes power and temperature monitoring 

per ATCA standard

➢ This functionality can be reused for the standby power test

Additional inputs are connected to various service area 

components

• Kria power supply

• Kria status signals

• UART to Kria

• Ethernet switch

➢ This functionality can be used to commission the service 

area components

Access via telnet
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3. Kria Test without the FPGA

Advanced board management: SMASH & Serenity Toolbox

• Provide access to all I2C and PMBus devices + JTAG
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3. Kria Test without the FPGA

Advanced board management: SMASH & Serenity Toolbox

• Provide access to all I2C and PMBus devices + JTAG

• Power supplies + power sequencer

• Clock chips
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3. Kria Test without the FPGA

Advanced board management: SMASH & Serenity Toolbox

• Provide access to all I2C and PMBus devices + JTAG

• Power supplies + power sequencer

• Clock chips

• I2C I/O expander & multiplexer (more on the bottom side)

• EEPROMs

• FPGA

Idea: Pytest can use the python API to provide a test suite to 

automate the configuration and commissioning process

• Well established test framework

• Test functions can be wrapped around existing functions for 

control, measure, configure, …
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4. Kria Test with the FPGA

Advanced board management: EMP Toolbox + EMP Framework

• Provide access to IPBus register (over AXI C2C)

• Framework already provides feature usable for testing
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the FPGA to further commission the board

• Well established test framework

• Test functions can be wrapped around existing functions for 

control, measure, configure, …

26/03/25 H. Krause – Factory Acceptance Test for the Serenity-S147



4. Kria Test with the FPGA

Advanced board management: EMP Toolbox + EMP Framework

• Provide access to IPBus register (over AXI C2C)

• Framework already provides feature usable for testing

• AXI C2C connection

• Frequency measurements

• Bit error rate testing

Idea: Pytest can use the python API to extend the test suite to 

the FPGA to further commission the board

• Well established test framework

• Test functions can be wrapped around existing functions for 

control, measure, configure, …

25/03/25 H. Krause – Factory Acceptance Test for the Serenity-S148

Not yet implemented
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First Results

FAT usage at KIT

• 3 Serenity-S1.3 boards where tested

• Identification of 5 damaged LTM4676As                       

(likely due to none ideal storage and humidity)

• No errors with new parts
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FAT usage at the Company

• 2 Serenity-S1.3 boards tested (more in the next weeks)

• Successful usage of the FAT (after initial problems) with no 

board errors detected
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First Results

FAT usage at KIT

• 3 Serenity-S1.3 boards where tested

• Identification of 5 damaged LTM4676As                       

(likely due to none ideal storage and humidity)

• No errors with new parts

FAT usage at the Company

• 2 Serenity-S1.3 boards tested (more in the next weeks)

• Successful usage of the FAT (after initial problems) with no 

board errors detected

Feedback from the Manufacturer

• Short-Circuit test should be separated from the other tests

• The code being editable is very risky and should be avoided

• A simple, buttoned user-interface is preferred
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Draft



Conclusion

• A Factory Acceptance Test was developed for Serenity-S1 to allow an automated commissioning directly at the factory

• The test leverages already existing board infrastructure and tools (SMASH and EMP) minimizing additional development 

effort

• Pytest provides a sophisticated way to structure and automate the commissioning process

• First real-world usage during the extended pilot-production was successful and provided valuable feedback pathing the way 

toward pre-production and main-production

• Further development to increase robustness, extend the test cases and a button-based GUI is ongoing
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