
Solution — Reliability and Availability

Critical Signals

Signals which are necessary for Machine Protection and not receiving

results from these channels will cause immediate machine stop.

Two ways to increase reliability of acquisition of critical signals:

I acquiring critical signals in adjacent ACMs,

I connecting adjacent ACMs to separate networks.
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CLIC in few words  

• Linear collider e+/e- with center-of-mass collision 
energy up to 3TeV 

• Total length up to 48 km; main linac ~ 90 % 
• Based on two-beam acceleration 

– Drive beam (RF decelerating structures – PETS – which 
transfer the RF power to the main beam via a complex RF 
network) 

– Main beam (RF structures which accelerates the beam – 
100 MV/m) 

• Main linac houses the 2-m long two beam modules 
(TBM) 

• For the control of the TBMs, we have to develop a 
compact acquisition and control module (ACM) 
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CLIC Layout at 3 TeV 

Main Beam 
Generation 
Complex 

Drive Beam 
Generation 
Complex 

Main LINAC   two-beam modules 



CLIC project time-line   

* S. Stapnes, CLIC Workshop 2013, CERN 



CLIC at 500 GeV (4232 modules) 
26920 Accelerating structures 
13460 PETS 
~ 70000 RF components 

CLIC at 3 TeV (21460 modules) 
142760 Accelerating structures 
71380 PETS 
~ 400000 RF components 

A. Samoshkin 
Two-beam module layout 



First TBM prototype 

Collaboration with NTUA 
and other Greek 
institutes (PATRAS, 
Democritos,….) 



Accelerating structure (AS) – disks with 4 
manifolds and all needed technical 
systems   

PETS – octants housed in a tank 
and coupler  

RF network: 
waveguides and 
several RF 
components 

RF system – RF structures 
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RF structures - Requirements 

Requirements are dictated by beam physics and RF  
  ultra high precision machining and positioning to allow the 
beam to pass through (beam emittance few nm in V) 

  

AS Disk 

PETS bar 
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Acquisition and Control Module 

• For the TBMs, we have to develop a compact 
acquisition and control module (ACM) 

 

• ACM: a device providing timing, data 
acquisition and control to the different 
systems (Alignment, Stabilization, Power, 
Vacuum, Cooling, ...), communicates with 
Front End Computers (FECs) installed in 
alcoves.  

 

 

 

G. Riddone, 12/1/13 



Inventory of signals 

3/10/2013 11 

Ch type S-rate [S/s] Resolution [bits] # ch 

V. Fast ADC 2 G 8 0 

Fast ADC 200 M 14 28 

Slow ADC 1 k 16 105 

Slow DAC 1 k 18 8 

Raw DIO 1 k 146 

Serial I/O 14 

Total per 
TBM 

301 

Including spare: about 500 signals per modules,  
In addition: to increase reliability, critical signals for machine operation (~50) 
could be duplicated in adjacent ACMs  



ACM constraints and requirements 

• CLIC have to concentrate all (or most of) data acquisition 
and setting through a single point (ACM)  generic 
solution suitable to all technical systems 

• Due to sector dimensions digitalization shall be done in 
place. 
– Sector length 878m 
– Considering central counting room the distance between TBM 

and counting room can be over 400m 

• Common timing 
• High reliability and easy maintainability 
• Modular and compact design 
• Power consumption < 50 W 
• Cost (large series production) 
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Possible layout 
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Tunnel integration 

• Radioactive zone: 
TIDs, from 100 to 
1000 Gy 

• Tunnel 
integration; 
several options 
under study 
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Physical Constrains of the CLIC-ACM

I Power consumption 50 W,

I TIDs 100–1000 Gy per year,

I Limited space to place the ACM,
possible placements:

left — hard to access, short

cables,

under — hard to access, short

cables, risk of flooding,

collides with the Drive Beam

support system,

middle — easy access, short cables,

risk of physical damage,

right — easy access but very long

cables.
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Solution — Data Transfer and Synchronization

GBT
A CERN project aiming at delivering reliable rad-hard devices and

protocol for timing and data acquisit ion.

Features:

I 3.2 Gb/ s (40 ch, 80 Mb/ s each),

I build-in e-link switch,

I radiation resistant (up to 3 kGy),

I clock recovery (40 MHz),

I guaranteed fixed latency,

I low power consumption — 2 W.
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Signals Timing Diagram 

Total bandwidth per ACM (@50 Hz):  < 5Mb/s 
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Common timing 

• Data acquisition and 
digitalization is done at ACM 
level. 

• Acquired data are then 
pushed to the control system. 

• The control system needs to 
synchronize and correlate all 
this data. 
 
 

• It is necessary to synchronize 
all the nodes and propagating 
a common timing to all the 
ACMs: 

 
        Sampling clock 
synchronization: ###### ns 
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Total bandwidth per ACM (@50 Hz):  < 5Mb/s 



Radiation constraints 

• Radiation issue is a key point to design the control 
infrastructure 
– high-level of radiation (100Gy .. 1kGy/y) although proper 

estimation is still needed (energy, spectrum, fluence) 
 

• Radiation effects on electronics: 
– TID (Total Ionizing Dose), destructive. Electronics needs to 

be periodically replaced. 

 

– SE{L/GR/B} (Single Event {latchup/gate rupture/burnout}):  
if not destructive, can be addressed at design level via 
TMR (triple modular redundancy). 
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Alternative solution for ACM 
development 

• Industrialized solution  

• Development based on  NI-PXI systems  

– Miniaturise 15 boards into 1 small box 

– NI has long experience with custom design 
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NI system overview 

3/10/2013 
CMWG - A. Rijllart 
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Fast ADC DIO + Slow ADC + DAC 

DIO Serial Synchro 
IEEE-1588 

Controller 



FPGA controller 

• Fiber-Optic MXI-Express x4 link, PXIe-
PCIe8375 

• 838 MB/s sustained transfer rate 

• Remote control of PXIe crate 

3/10/2013 
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Conclusions and next steps 

• Up to 20000 TBM, 500 signals each 

• Modular system adapted to all module 
components 

• Challenging development taking into account 
several requirements 

 

• Prototypes to be procured and tested under 
accelerator conditions 

3/10/2013 
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