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The inner tracker of the ATLAS detector
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The Inner Tracker of the ATLAS detector
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Current inner tracker to be fully replaced by all-silicon tracker (ITk) 

⇒ ATLAS Upgrade (Phase II)

Now

For HL-LHC
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Goals: Sustain and improve the excellent performance of ATLAS Run 2 in denser environment 



 Strip Module
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=                                    +                    +  hybridSilicon sensor  

● Low mass PCB’s directly glued on sensor
● Hosting readout electronics
● Connection to strips by wire-bonds 

Total number of modules =  17888

⇒ designed for mass production 
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power board



The Petal
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● The endcap modules and the electronics are 
held by the petal

● A prototype petal with dummy sensors and 
electronics was built at DESY

● The petal has an internal titanium cooling pipe

BarrelEnd-cap End-cap



Setup and Automation
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 Thermal chamber
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● Insulated thermal chamber with inner separation by black curtains
● Infrared camera mounted on gantry behind curtain
● Petal mounted in the chamber and supplied with cooling and power 

from the outside

Petal inside of the chamber Camera behind the curtain

↑ Top view



 Cooling system
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● Petal cooled down with evaporative dual phase 
CO2 cooling

● Prototype cooling system from CERN (TRACI)
● Connection to thermal chamber via adapted 

connectors
● Vacuum pump to remove air in petal’s cooling 

loop before CO2 filling

Thermal chamberVacuum pump

TRACI

Claire

Yasiel

Flow
System pressure

Cold CO2 temperature

Gas temperature
● Certain parameters inside TRACI need to be 

monitored
● A combination of voltages and temperatures is 

measured by the multimeter
● The cooling setpoint is represented as a 

pressure, conversion to temperature using 
CO2 properties



Setup instrumentation and automation
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● Four power supply channels for petal 
powering (ASICs)

● Created a program that controls the 
power supplies and regulates the output 
power to a reference value

● TRACI DAQ using NI card + Labview
● NI Card not working, replaced by:

○ Multimeter via RS-232
○ custom python script

● Additional thermocouples inside of the 
chamber connected to the multimeter

● Additional humidity and temperature probes connected to 
a Raspberry Pi for monitoring chamber environment

● The readout of the camera is handled by IRBIS 
          (camera software)

● Instrumentation readout is done using a linux machine



Automation at work: tests and validation
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● Collection of all parameters of the test automatically written to text file:
○ Chamber: ambient temperature, moisture at multiple positions
○ TRACI: input / output CO2 pressure, flow
○ Petal: inlet / outlet temperature, additional thermocouples taped to 

sensors

TRACI and petal data



Thermal Imaging and Analysis
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 Basics of Thermal Imaging
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● The radiation power inside of the spectral range 7.5 µm to 14 µm is measured for 
each camera pixel

● For each Pixel, the temperature is calculated using the Stefan-Boltzmann law for 
non-black bodies

● Kirchhoff’s law of thermal radiation: 
Emissivity + Transmissivity + Reflectivity = 1

● Silicon is very difficult to handle since the emissivity can with different properties 
(angle, surface coating, ...)

● Ongoing study: Transmissivity of the silicon sensors

Pixel Area
Stefan-Boltzmann constant

Ratio of emitted power 
w.r.t. black body radiation
(emissivity)



 Basics of Thermal Imaging
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Markers
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● We want to measure the temperature on different location of the petal’s sensors
             Use of the marker concept provided by the infrared software
● Marker: Area of pixels with average / standard deviation
● Parsing of thermograms and marker files in python for automated analysis of the 

IR data



Black Tape Calibration
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● Since the emissivity of the silicon is unknown, we want to use black tape (ε = 
0.95) as a reference (assume TSi  = TBT)

● Marker pairs are compared against each other to calibrate the temperature read 
on the silicon offline



Data Analysis
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● First I created a script to transfer all reference points for silicon and black tape 
into a .root file

● Goal: Relating intensity on black tape to intensity on silicon for each position on 
the petal

● Applying linear fits and plotting the results gives clues about two different 
overlaying effects in the same image

● Idea: Compare different 
quantities (cycle direction, 
heating power, nitrogen 
flushing, etc)

● This will hopefully deliver a 
separation between both lines



Conclusion & Outlook
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● The physics
○ Took part in future ATLAS endeavours through R&D work on ITk project
○ Understand thermography and the challenges of silicon emissivity

● The instrumentation
○ Successfully instrumented & automated all devices for thermal cycling / 

measurements
○ All scripts + framework on CERN gitlab & fully documented

● The analysis
○ Converting data to the root format for more versatile handling + storage
○ Investigating the relation TSi  = f ( TBT ) is still ongoing



Backups
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Silicon sensors
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Technology

Silicon sensors → n+-in-p float-zone (FZ)

ƴ collects electrons: more & faster signal, less trapping

ƴ no radiation-induced type inversion

ƴ single-sided process 
⇒ cheap & easy 

⇒ more available foundries worldwide

Ƶ sensor edges at bias potential (~700 V)

p bulk

Inner strip isolation
p-spray/stop

Good signal even under-depleted
(depletion on segmented side)

Guard ring
Bias ring

DESY. Infrared Thermal Imaging of ATLAS strip modules Maximilian Caspar            DESY September, 2017

Sensor shapes & pitch
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0-
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0 

μm

← design based on 6-inch wafer technology

Barrel → rectangular End-caps → trapezoidal
      shape for r-Φ  coverage

~97 mm

~97 mm

75.5 μm       Strip pitch     60 - 80 μm

Radial strips pointing to beam axis
⇒ wedge-shaped sensors with curved edges


