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ATLAS ITk Detector Control System
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● *我个人的简单总结

● Safety

● 无论探测器是否供电，它都可以工作

● 防止过热

● Control

● 监控和处理探测器正常工作时的局部组
件的用电异常

● Diagnostics

● 收集探测器运行的各种环境参数，用于
探测器性能研究分析



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 common: Interlock System
● ITk Common Inter lock System is  a safety system which 

protects both the detector  and personnel  against  any r isks 
which may ar ise 

● comple te ly  hardwi red  sys tem wh ich  ac ts  as  a  las t  l ine  o f  
de fense fo r  the  de tec tor  sa fe ty

● must  be  runn ing  a t  a l l  t imes,  bu t  has  a  coarse  granu lar i ty  
and re la t ive ly  low prec is ion

● Al l  s ignal  processing takes p lace in the Inter lock Matr ix  
Crates ( IMCs) located in the count ing rooms

● In  add i t ion  to  tempera ture  in fo rmat ion ,  s igna ls  f rom the  
ATLAS Detec tor  Safe ty  Sys tem (DSS)  prov id ing  
in fo rmat ion  such as  the  s ta tus  o f  the  acce le ra tor  o r  o f  
the  ITk  coo l ing  p lan t  a re  a lso  fed  in to  

● Risks  to  human be ings  caused by  lasers
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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

ATLAS-TDR-030

5



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 pixel: Detector Control System
● Its design is driven by the requirements of the 

serial powering

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

● It has its own l ines for powering and 
communication and is therefore independent from 
the other paths. It must have quite f ine 
granularity, as individual modules must be 
controllable to ensure reliable control over 
operations
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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 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
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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 Tracker

LHCB-TDR-015
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Thank for Xiaojie Jiang and Shuqi Sheng from LHCb team



CEPC Tracker Consideration
● maybe adopt the concept from ATLAS ITk 

detector ?

● overheating is one of the main risks to all 
si l icon detectors

● temperature sensors are located at crit ical 
points of the tracker with some redundancy

● each serial powered chain is equipped with 
a 10 kΩ NTC for ATLAS ITk pixel

● stave CO2 cooling pipe outlet with 2x NTC 
for ATLAS ITk strip
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CEPC Tracker Consideration
● assuming:

● each stave/r ing/sector has 1 cool ing 
pipe

● each cool ing pipe has 2 NTCs

● ITk: 210+(2+3+3+3)*2*2 = 254

● *2 pipes per r ing

● OTk: 110+32=142

● total 396 pipes, and 792 NTC
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Backup
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