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Phase-2 Upgrade of the
CMS Outer Tracker

New silicon tracker for the CMS experiment at the HL-LHC by 2026

Requirements for the Outer
Tracker upgrade:

Improved radiation
tolerance up to
1015 neqcm

−2

Increased granularity
Improved two-track
separation
Reduced material in
tracking volume
Contribution to L1 trigger
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Silicon sensors in tracker modules will be operated at about −20 ◦C
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2S Module for the CMS Outer Tracker
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Design Requirements for a 2S Module
Test Station

Test modules during prototyping and production
(electrical calibration, charge deposition, thermal cycles)

Readout station appropriate for
module production

Quick and safe mounting and
removal of modules
(no screws)
Automate processes as far as
possible
Reach TSet quickly

TSet ≤ −33 ◦C (cooling
temperature in CMS)
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Thermal runaway simulation performed with heat load of approx. 6 W
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Design Requirements for a 2S Module
Test Station

After assembly procedure: module mounted on aluminum carrier
5 cooling points per module

cooling contacts 
with module carrier

cooling contacts 
with module carrier

Bottom view of 2S module

aluminum module carrier

Bottom view of 2S module

mounted on module carrier
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Experimental Setup

Place module carrier on two copper jigs
Jigs cooled with two-stage cooling system:
Four Peltier elements and precooling at −10 ◦C

Cooling jigs

Precooling

Springs

Peltier elements

[Koppenhöfer18]: Master Thesis, ETP-KA/2018-17
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Experimental Setup

Setup placed in aluminum box:
Thermal insulation
Faraday cage
Shielding against light and radiation
exposure
Stabilization of humidity level

Bypass for cooling liquid outside box
⇒ allows warming up of precooling
blocks to open box quicker (dew point)

ChillerSetup
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Experimental Setup

Chiller
µTCA Crate

Power Supplies

Bypass for 
cooling liquid

2S Module 
Prototype

Phase-2 Upgrade of the CMS Outer Tracker 2S-Module Functional Test Station

March 27, 2019 Temperature Stabilized Functional Test Station for 2S Modules roland.koppenhoefer@kit.edu 8/15

mailto:roland.koppenhoefer@student.kit.edu


Thermal Performance

Minimal temperature to reach: −45 ◦C on cooling jigs
⇔≈−34 ◦C on sensors for switched-off 2S module

Thermal cycles between 20 ◦C and −35 ◦C:
100 cycles in 24 hours possible

Thermal heat load up to 7 W induced to module carrier on cooling
jigs: no thermal runaway of temperatures in station
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Functional Tests

Functional tests performed with 2S module prototype built at KIT

Low voltage flat ribbon cable

HV connection

Extended module carrier
Transition board

VHDCI cable
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Functional Tests – Results

IV-curves at several stable temperatures on the cooling jigs
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Functional Tests - Results

Noise measurement at room temperature (cooling deactivated)
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Noise distribution of all channels of one 8CBC2 Hybrid

CBC2:

1VCTH ≈ 350 e−

Measured noise

with 5 pF attached:

≈ 800 e− [Braga+14]

In station:

2.7VCTH ≈ 950 e−

(sensor attached)
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Functional Tests – Results

Noise slightly increases if Peltier cooling is turned on
No large temperature dependence of noise level observed
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Error bars indicate standard deviation, temperatures measured on cooling jigs
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Strip Readout with 90Sr Source

Crosscheck of functional test results with radioactive source possible
Random trigger, T = 20 ◦C, Vbias = 300 V
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Conclusions

New CMS Outer Tracker will be made of PS and 2S modules after
Phase-2 upgrade

Developed 2S module test station for module testing during
prototyping and production

Thermal power of cooling system validated
→ Testing of 2S modules under expected thermal conditions in the
upgraded CMS experiment possible

Functional tests with 2S module prototype successfully performed

Outlook: Further functional and thermal tests with upcoming module
prototypes this year
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Backup
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2S Module Production at ETP

Kapton,
HV tail

Sensors Bridges FE Hybrids SE Hybrids

SQC

Opt. insp.

Gluing

Bonding

Encaps.

Testing

Opt. insp.

Gluing

GluingOpt. insp.

Opt. insp.

Bonding

Testing Encaps. Testing

Opt. insp. Testing Testing

edge quality 

and dimensions

Kapton, HV tail

HV tail

HV tail

Contact

Bare module

Bare module

Quick check

Alignment

Functional test Functional test
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Thermal Performance of 2S Modules

Component Power Consumption (mW)

2 × CBCs 2188
2 CICs 625
LpGBT 500
VTRx+ 306
DC-DC converters 1770

Total 5389

[CERN-LHCC-2017-009]
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Thermal runaway
TTR(3000 fb−1) = −21.6 ◦C

TCO2 ≤ −33 ◦C
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Cooling Power of Peltier element
TEC1-12705
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Pmax
therm(∆T = 25 ◦C) ≈ 13 W ⇒ TPreecooling = −10 ◦C
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Fryka ULK 2002 Datasheet
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Experimental Setup

8CBC2 module readout via transition board possible at one hybrid
side (turnable)

Same procedure planned for 8CBC3 module with universal interface
board
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Thermal Performance

Thermal study of cooling power using heating resistors
Ptherm ≤ 5× 1.4 W

Temperature sensor 2

Heating resistors

Temperature sensor 1

Ptherm TPID TS1 TS2 ∆T

0 W −35 −34.3 −33.6 0.7
7 W −35 −33.3 −33.5 −0.2

X

all temperatures in ◦C
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Module Readout and Temperature
Control Software

2S module readout using software developed by CMS community

Combine module readout and
temperature control with Graphical
User Interface to simplify test
procedure

GUI written in Qt 5.6.3
Temperature readout via PT-sensors
PID algorithm used for control of
power of Peltier elements
Monitoring of power supplies (low
and high voltage)
Monitoring of dew point (1-wire
sensor)
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