
Safety Interlock System for Tracker
ATLAS ITk tracker as example

Zijun Xu徐子骏

2025-Mar-5

1



ATLAS ITk pixel: Detector Control System
● steers al l  components of the detector and provides 

monitor ing information as feedback

● Its design is dr iven by the requirements of the ser ial  
powering

● It  is made of the DCS network, whose main 
ingredients are the DCS controllers  and the  PSPP 
chips

● It  has i ts own l ines for powering and communicat ion 
and is therefore independent from the other paths. I t  
must have quite f ine granular i ty,  as individual modules 
must be control lable to ensure rel iable control  over 
operat ions
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ATLAS ITk pixel: Detector Control System
● Pixel Serial Powering Protection Chip

● A prototype of the PSPP chip has been produced 
in 130 nm CMOS technology

● Its main elements are a large bypass transistor 
and a 10-bit  ADC

● The ADC provides monitor ing of the module’s 
voltage and temperature

● The bypass transistor is designed to switch 
currents of up to 8 A to disable a single module in 
the ser ial  power chain
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ATLAS ITk common: interlock System
● the safety path is built on a hard-wired interlock 

system

● acts direct ly on power suppl ies or other 
equipment i f  the safe operat ion of the detector 
can no longer be guaranteed

● this system must have the highest rel iabi l i ty,  but 
i t  does not require a high granular i ty

● It  is always in operat ion, even i f  the detector is 
off .  One temperature sensor per ser ial  powering 
chain is foreseen, which automatical ly provides 
some redundancy

● the Inter lock system, which is bui l t  in common for 
al l  ITk Detectors, is descr ibed in more detai l  in 
Sect ion 12.3
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ATLAS ITk strip: Detector Control System
● ITk Strip Detector DCS comprises three main components

● a Common Interlock system ,  shared with the Pixel Detector
● a Common Monitor ing System, also shared with the Pixel Detector
● a Str ip specif ic inter lock and monitor ing system provided by the AMAC chip 

● Within each stave or petal, a local interlock system is provided by means of the 
Autonomous Monitor And Control (AMAC) chip located on the on-module power board

● first  l ine of defense against temperature excursions of the powered detector modules
● AMAC chip monitors several on-module parameters such as the temperature of each hybrid 

and the sensor bias current.  I t  must also be powered and conf igured in order to enable the 
two key components of the on-module power board, the DC-DC converter and the HV 
Mult iplexer switch

● In addit ion AMAC compares the digi t ised signals against programmable upper and lower 
l imits:  any excursion beyond these l imits wi l l ,  in extreme cases, result  in the DC-DC 
converter and HV switch being disabled direct ly

ATLAS-TDR-025

5



ATLAS ITk common: Interlock System
● ITk Common In te r lock  Sys tem is  a  sa fe ty  sys tem wh ich  

pro tec ts  bo th  the  de tec tor  and personne l  aga ins t  any  r isks  
wh ich  may ar ise  

● comp le te l y  ha rdw i red  sys tem wh i ch  ac t s  as  a  l as t  l i ne  o f  de fense  
f o r  t he  de tec to r  sa fe t y

● mus t  be  runn ing  a t  a l l  t imes ,  bu t  has  a  coa rse  g ranu la r i t y  and  
re l a t i ve l y  l ow  p rec i s i on

● overheat ing  is  one o f  the  main  r isks  to  a l l  s i l i con  de tec tors ,  
tempera ture  sensors  a re  loca ted  a t  c r i t i ca l  po in ts  o f  the  ITk

● Al l  s igna l  p rocess ing  takes  p lace  in  the  In te r lock  Mat r ix  
Cra tes  ( IMCs)  loca ted  in  the  count ing  rooms

● In  add i t i on  t o  t empera tu re  i n fo rma t i on ,  s i gna l s  f r om the  ATLAS 
De tec to r  Sa fe t y  Sys tem (DSS)  p rov id i ng  i n fo rma t i on  such  as  t he  
s ta tus  o f  t he  acce le ra to r  o r  o f  t he  ITk  coo l i ng  p l an t  a re  a l so  f ed  
i n to  

● R isks  t o  human  be ings  caused  by  l ase rs
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ATLAS ITk common: Interlock System
● overheating is one of the main risks to all 

si l icon detectors, temperature sensors are 
located at crit ical points of the ITk

● ATLAS ITk Pixel Detector

● each ser ial  powered chain is equipped with a 10 
kΩ NTC

● always more than one ser ial  powered chain per 
cool ing circuit ,  redundancy is provided 
everywhere

● NTCs are chosen due to their  high radiat ion 
hardness and their  large signals (dR/dT) which 
permit  the use of two-wire read-out and rout ing 
of s ignals back to the count ing rooms
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ATLAS ITk common: Interlock System
● Pixels incorporate a ful ly hardwired interlock 

system

● ATLAS ITk strip detector

● each cool ing pipe out let  is equipped with dual 
(redundant) 10 kOhm NTC, and two-wire read-
out and rout ing of s ignals back to the count ing 
rooms
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ATLAS ITk common: Environmental Monitor ing

● The Common Monitoring system monitors all 
environmental parameters of the ITk volume, in particular 
the temperature, humidity, radiation, gas f low and 
pressure

● the largest number of sensors is required for temperature 
monitoring. In the case of the ITk pixel detector, al l  
sensors which are not directly part of the staves or ring 
elements are supervised by this system, for example the 
temperatures of air volumes or cable bundles

● CERN is developing a successor to the Embedded Local 
Monitor Board (ELMB)
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ATLAS ITk Cost: Detector Control System
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LHCb UT tacker: interlock System
● employ several layers of fai l-safes to protect the detector

● These fail-safes wil l  include PLC sensors deployed around the detector to monitor 
parameters such as detector box temperature and humidity, PEPI units 
temperature, cooling, HV interlock, smoke detection, water leak detection, gas f low 
in the box, and possibly air f low around PEPI boxes, i f  they are air cooled

● This wil l  require suff icient redundancy in the sensor network as well as the fault 
decision tree implementation to avoid false shutdown events from radiation 
induced transients or invalid sensor inputs

● Adedicated and isolated DC power source that originates directly from the counting 
room wil l  redundantly supply a small amount of power to a l imited set of circuits 
necessary to obtain functional status without the ful l  system powered
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