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LHC Power Converters

An overview of the Situation 
Concerning LHC Radiation

Laboratoire Européen pour la Physique des Particules
European Laboratory for Particle Physics
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The LHC Converters

LHC Converter Summary:

1750 Converters 
(excluding transfer lines)

3 ‘standard’ designs installed in RRs
(120A, 600A, 4-6-8kA)

1 ‘rad tolerant’ design installed in tunnel 
(60A orbit corrector)

Type Rating Quantity

RPHE [13kA, 18V] 16
RPHF [8kA, 8V] 20
RPHGA [6kA, 8V] 92
RPHGB [6kA, 8V] 32
RPHGC [6kA, 8V] 8
RPHGD [6kA, 8V] 4
RPHH [4kA, 8V] 36
RPLA [+-60A, +-8V] 752
RPLB [+-120A, +-10V] 290
RPMBA [+-600A, +-10V] 136
RPMBB [+-600A, +-10V] 264
RPMC [+-600A, +-40V] 36
RPTE [13kA, +-180V] 8
RPTF [810A, 450V] 4
RPTG [810A, 950V] 4
RPTI [6.5kA, 950V] 2
RPTL [+-6.5kA, 950V] 3
RPTM [1kA, 600V] 2
RPTN [1kA, 180V] 3

Total 1712
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Where are the affected areas?

Areas where power 
converters and 
radiation are found 
together 

(RRs in Points 1, 5, 7)
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Converters Found in the Affected Areas
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General Topology of an LHC converter
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The LHC converter

• Slow machine (long start and stop times)
• Large quantity and limited access 

– thus reliability is a high priority

• A functioning converter requires:
– Full communications
– Maintains high precision
– Full power available

– converters are not particularly fault tolerant
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Sensitive Power Components

http://www.eas.asu.edu/~holbert/eee460/see.html

Single Event Latchup (SEL) - logic

Single Event Burnout (SEB) – power
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Sensitive Electronic Components
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• Not all electronics are ‘mission critical’
– Separate ‘diagnostic logic’ from ‘operational logic’

• FGC testing data
– Particularly useful for programmable logic data
– Uses Xilinx programmable devices

Component Comments …

‘low priority’
diagnostic information ‘essential’ fault 

management
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60A Testing

• Tunnel environment of ~2Gy/yr
– TCC2 environment scales to final installation

• Summary of testing in TCC2
– 3 ‘seasons’ of test results
– Caution required with PSUs, DCDC power, optocouplers

• Converter exceeds 50 Gy tolerance
– No calibrated data on SEU effects
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Concerns

• None of the LHC converter designs have 
been conceived with radiation in mind

• Commercial designs have unknown rad
tolerance

• Level of test complexity required to 
determine a fully functioning rad tolerant 
power converter…
– Precision
– Power 
– Comms
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Next steps…

• Establish ‘EMC style’ limits 
(ie emission and susceptibility 
thresholds)?

• Shielding design to reduce 
emissions?

• Testing to evaluate converter 
susceptibility?

• Subsequent design to 
improve susceptibility?

Reduce 
emissions

Increase 
tolerance
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Conclusions

• How to establish ‘emission and susceptibility’ limits?
• Several converter designs are affected

– Resource required?
• A converter is large and relatively complex

– How to test?


