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Func7on	  Genera7on	  Controller	  version	  2	  (FGC2):	  
•  Designed	  between	  2000	  and	  2003	  
•  ~1700	  
•  @LHC	  
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Func7on	  Genera7on	  Controller	  version	  3	  (FGC3):	  
•  Designed	  between	  2007	  and	  2011	  
•  ~300	  
•  @Linac4,	  Booster,	  ISOLDE,	  AD,	  LHC	  Inj.	  Upgrade,…	  

Linac4 Proton Synchroton Booster 
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Synchroniza7on	  and	  Regula7on	  
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Synchroniza7on	  and	  regula7on	  are	  related:	  
•  Unsynchronized	  sampling	  è	  Δerror	  

jitter 

error ~ jitter x frequency 
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Synchroniza7on	  and	  regula7on	  are	  related:	  
•  Unsynchronized	  sampling	  è	  jiWer	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  è	  ∆error	  
•  Several	  subsystems	  	  	  	  	  	  	  	  	  	  	  	  è	  jiWer	  +	  delays	  è	  ∆error	  

jitter + Δdelay 

error ~ N x (jitter + Δdelay) x frequency 
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Synchroniza7on	  and	  regula7on	  are	  related:	  
•  Unsynchronized	  sampling	  è	  jiWer	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  è	  ∆error	  
•  Several	  subsystems	  	  	  	  	  	  	  	  	  	  	  	  è	  jiWer	  +	  delays	  è	  ∆error	  
•  JiWer	  and	  delay	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  è	  ∇stability	  

τ=0s 

τ=0.5s 

Figure. 2nd order system, 10 dB Gain, 1 Hz BW 
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Synchroniza7on	  and	  Regula7on	  
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All	  subsystems	  are	  synchronized	  with	  a	  common	  7me.	  

SUBSYSTEM 1 

SUBSYSTEM N 

… 

Ref1(t) 

Ref2(t) 
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Timing	  and	  control	  networks	  converged	  on	  the	  front-‐end	  
and	  the	  power	  converter	  controller.	  

Synchroniza7on:	  Before	  2000	  
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Power	  converters	  are	  controlled	  by	  the	  Func7on	  
Genera7on	  Controller	  (FGC).	  

Synchroniza7on:	  Since	  2000	  (LHC)	  
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…	  a	  standard	  fieldbus	  transports	  7ming	  and	  control:	  
• ∇cabling	  +	  ∇connectors	  
• ∇installa7on	  cost	  
• ∇opera7onal	  cost	  

Synchroniza7on:	  Since	  2000	  

14	  

FGC2	  à	  WorldFIP	  
FGC3	  à	  FGC_Ether	  
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…	  the	  FGC	  needs	  to	  recover	  the	  7me.	  

Synchroniza7on:	  Since	  2000	  
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Every	  20	  ms	  the	  front-‐end	  broadcasts	  the	  7me.	  
This	  allows	  the	  recovery	  of	  the	  machine	  7me	  with	  20	  ms	  
precision.	  
	  

Synchroniza7on:	  PLL	  
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Every	  20	  ms	  the	  front-‐end	  sends	  the	  7me.	  
This	  allows	  the	  recovery	  of	  the	  machine	  7me	  with	  20	  ms	  
precision.	  
	  

Synchroniza7on:	  PLL	  
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A	  PLL	  recovers	  the	  20	  ms	  phase	  error:	  
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LHC main dipoles current ramp 
12 kA 

±5 ppm 

1500 s 

±7.5 ms 

FGC2	   FGC3	  
JiPer	   1	  ms	   100	  ns	  	  
Precision	   1	  ms	   100	  ns	  
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3.5 kA 

Linac4 to Booster injection converters  

5 ms 

± 500 ppm ±2.5 µs 

FGC2	   FGC3	  
JiPer	   1	  ms	   1	  μs	  	  
Precision	   1	  ms	   1	  μs	  
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FGC	  Phase-‐Locked	  Loop:	  Design	  
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FGC2	   FGC3	  
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FGC	  Phase-‐Locked	  Loop:	  Performance	  
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FGC2	   FGC3	  
Phase	  error	   σe=0.5	  μs	  	  σe<40	  ns	  
Precision	   <10	  μs	   <2.5	  μs	  
Lock	  Time	   <3s	   <3s	  
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•  Synchroniza7on	  is	  needed	  for:	  
•  Diagnos7cs	  (logging,	  post-‐mortem,	  etc.)	  
•  Supervisory	  control	  
•  Regula7on	  

•  Fieldbus	  can	  be	  used	  to	  transport	  7ming	  and	  control	  info	  
•  FGC	  PLL	  achieved	  the	  required	  performance	  






