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LHC SPS PS PSB LINAC 4 
(J. Wenninger) (R. Steerenberg) (K. Hanke) (K. Hanke, B. 

Mikulec) 
Time resolution [us] 40 us 40 us 2 us 500 ns 2 us 
Largest loss [Gy/s] 23 Total per cycle ~ 5 Gy (TT20 

splitters, with factor 2 safety 
margin).Rate can be > 0.2 G/

0.02 ms ~ 10’000 Gy/s. Maybe 
that number makes no sense… 

Instantaneous loss of 
4E13 protons at 26 

GeV/c. 

Instantaneous loss of 
4E13 protons at 2.12 

GeV/c. 

1 linac4 pulse 
(longest), 2E14 

protons 

Integration widows 12 Could consider: 
• 0.04 or 0.02 ms 
• 1-4 ms 
• 10-20 ms 
• Cycle ~ 100 s 

 2 integration 
windows: 
• 1 ms 
• entire cycle 

 2 integration windows: 
• 1 ms 
• entire cycle 

2 integration 
windows: 
• 2us 
• 1 full pulse 

Max window [s] 80 ~80 -100 6s (5 x 1.2s basic 
period) 

1.2s (1 x 1.2s basic 
period) 

entire pulse 
length, 1.2 ms 

Post mortem yes Not absolutely needed? We 
mostly want the data per cycle. 

Not required, but 
would be nice to have. 

Not required, but 
would be nice to have. 

Yes 

Post mortem buffer length 42000 With 1 ms resolution, we need 
80’000 to 100’000 points to 

cover a cycle. 
Reusing 42’000 would allow us 

to cover 100 s with a 
granularity of ~2 ms. 

Should be based on 
operational window 

(1ms) and max 
window length (6s) 

6000 

Should be based on 
operational window 

(1ms) and max window 
length (1.2s) 

1200 

42000 

Logging frequency [Hz] 1 Once per cycle. Once per cycle. 
Max:  1/900ms 

Once per cycle. 
Max:  1/900ms 

2 

Synchronisation  no Essential, to start of cycle. Yes, at start of cycle, 
followed  by the 

revolution frequency. 

Yes, at start of cycle, 
followed  by the 

revolution frequency. 

Yes 

Beam permit (thresholds) yes yes ?? ?? ?? 
Beam permit response [ms] 0.04 0.04 (extractions). ?? ?? ?? 

Thresholds energy dep. yes no no no no 



Overview 
  A discrete components design of a high dynamic range current digitizer based on 

the current-to frequency converter (CFC) principle is currently under 
development, according with the requirements of Proton Synchrotron and  Booster 
accelerators and LINAC 4 (Master Thesis: Giuseppe  Venturini). 

  It allows the acquisition of currents of both polarities without requiring any 
configuration and provides fractional counts through an ADC to increase the 
resolution. 

  Several architectural choices are being considered for the front-end 
circuit, including charge balance integrators, dual-integrator input 
stages, integrators with switchable-capacitor, in both synchronous and 
asynchronous versions. The signal is processed by an FPGA and 
transmitted over a VME64x bus. 

  The analog designs have been simulated, tested and incorporated in a test board 
along with the digital part.  Assembling and testing of this board are currently in 
progress. 

  Digital data treatment unit to be designed (based on LHC design) 



Charge balance bipolar CFC         G. Venturini 

This current to frequency converter is based on 
a charge balance integrator. It is a bipolar 
version of the one that is used in the LHC. 

Every time a threshold is exceeded, a current 
source is connected to the input to inject a 
balancing charge in the integrator. 

The output variable is the inverse of the time 
interval between two consecutive positive edges 
of the output of the one-shot timers. 

Pros: 
•  Based on a well known circuit, proven to be very 
linear 
• The I/O characteristic is independent of the 
capacitor value 
•  Just a few components are required 

Cons: 
•  High input currents require 
correspondingly high reference currents 
•  The above point leads to high power 
consumption 



Dual integrator bipolar CFC         G. Venturini 

One integrator is acquiring the 
input signal while the other is 
being reset. 

As soon as one of the 
thresholds is exceeded,  one 
pulse is sent to the output  and 
the other integrator becomes 
active. 

Pros: 
•  Low power consumption 
• Robust design 

Cons: 
•  The switches must ensure BREAK before MAKE 
operation 
•  I/O characteristic depends on the capacitors value 
•  At high input current the switching activity determines 
more charge injection producing higher non-linearity 



Switched capacitor bipolar CFC    G. Venturini 

This current to frequency converter has an 
integrating capacitor split in two halves. 

Every time a threshold is exceeded, one of the 
two capacitors (C2) is connected in the reverse 
direction,  and their charge is shared, effectively 
removing a charge equal to twice the one that is 
stored in C2 from the system. 

Pros: 
•  Low power consumption 
•  Very few components 
•  Robust design 

Cons: 
•  The switches must ensure BREAK before MAKE 
operation 
•  I/O characteristic depends on the capacitors value 
•  At high input current the switching activity determines 
more charge injection producing higher non-linearity 



Information needed for system design 
  Schedule for the LINAC4 installation. 
  LINAC4 Instrumentation Functional Specification 

document. (TB will take over the technical 
implementation on the basis of the Func. Spec. with 
support of the LINAC4 Diagnostics WG) 

  E.g. for the BLM system: 
  Booster injection measurements 
  definition of digital data treatment, logging, data presentation 
  … 

  Fluence and particle spectrum at the locations to be 
protected by the BLMs. 


