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Introduction

This talk intends to
 Describe the design of a up to 500 Gy power converter in the context of the 

current 60/120A re-design of converters
 Give some hints of our learnt lessons from previous design
 Describe some important design paths in the coming process

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Previous R2E-Converters: installed in LHC @ LS2

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Context

From Radiation levels to Converter Project Data, 
optimizing Design Effort

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Context – Radiation Levels in LHC

Radiation levels (HL)
 600A / kA already renewed
 60A / 120A highly exposed

 In the range of [120; 300] Gy
 72 units in the tunnel (60A)
 92 units in RR1/5 (120A)

Design Target
 60A / 120A

 Set in [400; 500] Gy range

(ELDRS + margin.)

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Context – (60;120)A Joined Optimized Design

Converter redundancy
 Generalization of redundancy concept to new (<120A) R2E versions.

 HL-LHC availability target (radiation or not induced impact on operation)
 New R2E-HL-LHC60A & R2E-HL-LHC120A will be redundant

Optimization of Design effort
 060A converters = 2 x 60A in // (n+1 = 1+1) = 2.0 x installed power
 120A converters = 3 x 60A in // (n+1 = 2+1) = 1.5 x installed power
 Designing 60A & 120A converters:

 One 60A Power Source only to design which can operate in // for redundancy

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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60A / 120A Block Diagram

Converter Control Loops
 Inner Current Loop (sharing current load)

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Project Data: One Common 60A/120A project

Project Owner & Involved People
 Project owner(s): Thurel Yves | project leader

                                   Benoit Favre | pwr elec. designer
                                   Jeremie Clar | radiation expert | fellow | 2020-09
                                   Jeanne Milovanovitch | pwr elec. Designer | fellow | 2020-09

Project Main Purpose
 Provide & manage the delivery of highly reliable & radiation tolerant – redundant 

– 60A & 120A converters for LHC (R2E) & HL-LHC (new units), for LS3.

Project Main Deliveries
 144 R2E-HL-LHC60A-10V
 128 R2E-HL-LHC120A-10V

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Lessons learnt from previous designs / projects

With new challenges put in perspective

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Lessons learnt from recent R2E project

Context
 A power source can be designed with standard elementary components, not 

requiring high complexity integrated devices (devoted to FGC in R2E-EPC).

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Lessons learnt from recent R2E project - Radiation

Radiation Event Mitigation / Risks
 Single events can be very well managed with gold simple rules
 Dose degradation (TID, DD) must be considered very seriously above 50 Gy
 Component Testing effort versus radiation

 Should be focusing on critical components (more than verifying known expected behaviour)
● Single source (PWM), integrated ones (current sensors), very sensitive (optocoupleur)

 Whole Converter Testing effort versus radiation
 Is a key point, and address some failures mechanism difficult to control / predict
 Gives an opportunity to test many components in one go, in their specific use conditions!
 Reinforces the trust in design, before installation.

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Lessons learnt from recent R2E project - Radiation

Management of COTS component purchasing process highlight
 All semi-conductors purchased by CERN to be sent to external producing 

companies… was a tough taks, certainly not justified for most of them.
 Sensitive COTS must be carefully treated, others addressed in std way.

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Lessons learnt from recent R2E project - Integration

LS2 R2E new Converters were … “almost” like old ones
 “almost” already created over-cost + headaches during LS2!

Old design +/- busbars Busbars Polarity updated!

+ -       + -
+     -

-   + 

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Lessons learnt from recent R2E project - Integration

New R2E60/120A converters integration needs even more care attention
 60A converters are now (1+1) 60A converter

Need to 
install twice 
initial power 

is not almost 
the same

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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From 4x 
converters to 
3x converters 

in installed 
rack is not 
almost the 

same

Lessons learnt from recent R2E project - Integration

New R2E60/120A converters integration needs even more care attention
 120A converters comes with 3 converters a rack versus 4 in initial old design.

Old design
1 rack =  4 cvs

-1

New design
1 rack =  3 cvs

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Lessons learnt from recent R2E project - Integration

New R2E60/120A converters integration needs care attention
 120A converters comes with 3 converters a rack versus 4 in initial old design.

1

2

3

4

5

6

7

8
Impacting current RR rack layout

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Design

Highlighting paths for success

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Path-1: Component Selection

A fine selection of all required components is under process

Path-1

Components process
● Sorting candidates

● Electrical data
● R2E-reports (if exits)

● Simulation model
● Standard (0-Gy)
● R2E (500-Gy)

● Easy access (web)
● Data summarised

for designers / check
● Sharing our choice

for discussion

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Path-1: Component Selection

A fine selection of all required components is under process

Path-1

Focusing on
● Current sensor

● Opening the Black-Box 
with producer company

● Already done on former 
R2E projects.

● PWM
● Converter “Heart”
● Not many choices

(phase shifted techno)

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Path-1: Component Selection

Capitalizing on Known Components

But also focusing on new ones (SiC)

Path-1

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Path-1: Cpt Selection – Highlight on known critical ones
Path-1

Case of Very High Occurrence in the design = Low Power Mosfet

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Path-1: Cpt Selection – Highlight on known critical ones

Case of Very High Occurrence in the design = Low Power Mosfet
 VGS threshold starts to be critical above 400 Gy | Robust candidate needed.

Path-1

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Path-2: Simulating Radiation Effects

Any Converter Sub-System / Sub-Part is described in detail in web pages
 Any converter part is treated
 Doc = SpreadSheet + Report +

LTSPice Model + Presentation
 Design traceability for future debug

● Understanding Issues from field

 Easier Possible Internal Reviews
● With Electronics Expert

Path-2

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Path-2: Simulating Radiation Effects

Goal: Very Accurate Simulation
 Systems & components are simulated up to

a quasi-perfect match vs real board.

Path-2

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Path-2: Simulating Radiation Effects

Goal: Very Flexible Simulation – Radiation Effect Included!
 From component fine analyse, a 500 Gy model is injected in simulations

Path-2

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Path-3: Testing / Qualifying Cpt to Systems

Nothing beats a full system passing a CHARM test!
 Project already includes up to 10 units for radiation test @ CHARM

Path-3

Keeping only One 
project milestone?

“When Converter is 
validated vs radiation 
in CHARM”

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Conclusion

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Conclusions

Success in R2E design is & stays based on
 Understanding where / what are the threads

 Relying on reliable projections of radiation levels in the machine

 Gold design rules
 Experience and knowledge at CERN is now very high. Rely on / Share it!

 Well defined robust & rigid (design & qualification) process
 Clear & strong steps are required for a smooth path to success

 Focusing on / Choosing / Qualifying the right components
 Co60, CHARM, PSI availability is a key point

 Testing final systems
 Nothing beats a full system having pass CHARM test!

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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60A / 120A Block Diagram

Power Modules Arrangement
 Power Modules operating in //
 Still, control & protection module not redundancy

 Limited to minimum function, requiring high reliable & safe design

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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Project Data: Deliveries Summary

Project Deliveries

Reference Unit Qtya Date Circuit Use / Name

R2E-HL-LHC60A-10V
Op. Pwr Conv. incl. rack

144B LS3 Tunnel
R2E + rotation  

144:72 units
cell12/14/16 Pt1/5/2

+72 units
rot. 

- FGClite

R2E-HL-LHC60A-10V
Op. Pwr Conv. incl. rack

004 LS3 UR15/UR17         004 : 2x [02 u
HL/Q1a

] | I.
crowbar

:4.1kA | FGC3

R2E-HL-LHC120A-10V 
Op. Pwr Conv. incl. rack

124 LS3

RR13/RR17
R2E      

036 :2x [18 units]  -FGClite
RR53/RR57

R2E      
036 :2x [18 units]  -FGClite 

RR73/RR77
R2E      

020 :2x [10 units]  -FGClite
UL14/UL16 

R2E     
016 :2x [08 units]  -FGClite

USC55/UL557   016 :2x [08 units]  -FGClite

http://sy-dep-epc-lpc.web.cern.ch/general.stm
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