
Module Production for CMS Tracker Upgrade at DESY
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CMS Phase 2 Tracker
————————

Andreas Mussgiller

WP1: R&D and Prototyping
————————

Andreas Mussgiller, Doris Eckstein

WP2: Modules and MaPSA
————————

Doris Eckstein, Andreas Nürnberg

WP3: Burn-In Test
————————

Günter Eckerlin, Andreas Mussgiller

WP4: Dee
————————

Roberval Walsh, Oskar Reichelt

WP5: TEDD
————————

Moritz Guthoff, Oskar Reichelt

DESY will do: 
- assembly of 1250 PS modules 
- burnin for modules from DESY and 1000 2S modules from Aachen 
- TEDD assembly 



The Detector Assembly Facility (DAF)
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————————
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————————
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————————

Moritz Guthoff, Oskar Reichelt

Lab Infrastructure
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• Production & integration will take place in 
two sites
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Building 25C
➟   module production

Building 26
➟   the rest

Production work flow

DAF 25c

DAF 26



CMS Module Concept
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• exploit strong magnetic field of 3.8 T of CMS solenoid 

• pT discrimination on board: 

• two closely spaced sensors  

• correlate signals —> local pT measurement 

• reject low pT Tracks —> minimise data volume 

• ‘stub’ is formed of signals found within search window

2S Module Assembly

• on-module pT discrimination relies on precise alignment of 
both sensor wrt. to each other

• 2S module: 400 μrad

• PS module: 800 μrad


• jig-based assembly of 2S module relies on cut edges of both 
sensors


• mechanical dummy module produced

• Aluminium spacers

• laser marked glass dummy sensors


• first assembly not yet within specifications

• problems have been identified and jigs are being improved
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• Level-1 and readout data provided 
• ‘stubs’ are sent at each bunch-crossing (40 MHz) 
• Full data are read out on trigger decision (<750 kHz)



CMS Tracker Concept
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• Two main types of modules:  
• 2S with two strip sensors 
• PS with one strip and one pixelated sensor 

• variants differ in sensor spacing  

• arranged to optimise pT  discrimination vs. 
geometrical position in Tracker

coarse z coordinate

2S
PSaccurate 

z coordinate

1.8 mm

1.6 mm 2.6 mm
4.0 mm

4.0 mm

1.8 mm



From Modules to TEDD
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from Aachen, 
other institutes

Modules
Dees

even/odd Dees Discs Double-Discs TEDD

even

odd

Burn-In

Thermal Test Metrology

upper +
lower Dee

even +
odd Disk 5 Double-Disks

Dee Sector Test 
Metrology



Requirements on pT Module
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 Relative sensor position
• pT modules use programmable search window to correlate hits 
• discrimination requires precise sensor alignment within module 

• parallel shifts can be corrected for in ‘stub’ finding logic 
• rotations result in position-dependency along strip direction           
  —> max misalignment for PS sensor 800 μrad

Assembly of 2S modules jig-based
For PS we have established a partially automated assembly 

2S Module Assembly

• on-module pT discrimination relies on precise alignment of 
both sensor wrt. to each other

• 2S module: 400 μrad

• PS module: 800 μrad


• jig-based assembly of 2S module relies on cut edges of both 
sensors


• mechanical dummy module produced

• Aluminium spacers

• laser marked glass dummy sensors


• first assembly not yet within specifications

• problems have been identified and jigs are being improved
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3.1. Overview and layout 29

Table 3.1: Main parameters of the 2S module and the PS module of the CMS tracker.
2S module PS module

⇠ 2 ⇥ 90 cm2 active area ⇠ 2 ⇥ 45 cm2 active area
2 ⇥ 1016 strips: ⇠ 5 cm ⇥ 90 µm 2 ⇥ 960 strips: ⇠ 2.4 cm ⇥ 100 µm
2 ⇥ 1016 strips: ⇠ 5 cm ⇥ 90 µm 32 ⇥ 960 macro-pixels: ⇠ 1.5 mm ⇥ 100 µm

Front-end power ⇠ 5 W Front-end power ⇠ 8 W
Sensor power (�20 �C) ⇠ 1.0 W Sensor power (�20 �C) ⇠ 1.4 W
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Figure 3.6: The 2S module (left) and PS module (right) of the Outer Tracker. Shown are views
of the assembled modules (top), details of the module parts (centre) and sketches of the front-
end hybrid folded assembly and connectivity (bottom). Details are given in the text, and in the
following sections.

in the line density on the readout hybrid for the 2S module and on the bump density of the
C4 technology for the PS module. The strip sensors are wire bonded directly to the front-end
hybrids, thus avoiding heavy pitch adapters.

In both modules the desired gap between the two sensors is achieved by gluing them onto
spacers made of aluminium / carbon fibre composite (Al-CF). The spacers provide mechanical

• SSA processes strip sensor data, sends data to MPA 
• MPA processes macro-pixel sensor data, receives SSA 

data, correlates strip and pixel clusters and builds stubs 
• CIC as for 2S module

• 2 x 960 strips of ~2.4 cm x 100 μm for PSs sensor 
• 32 x 960 macro-pixels of ~1.5mm x 100 μm for PSp sensor 
• AlN spacers replace Al-CF 

 —> no Kapton strip gluing necessary 
• MPAs and sensors are cooled through base plate 

—> requires a large-area glue joint between pixel sensor  and base 
plate



Module Assembly - PS Modules
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Preparation
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Automated assembly of bare module
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pattern recognition
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Automated assembly - steps
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DAF 25c work on modules
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preparing the glue

thin layer of glue on glueing platform



Assembly in pictures
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assembly of first functioning module



Metrology of 2nd functioning module
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currently Keyence microscope used for metrology
alignment markers used
PSp sensor longer than PSs —> markers visible from top

Diagonals intersection —> x,y alignment
Reference vs. opposite side —> tilt



Tests on Probestation
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semi-automatic probestation
Ginger PhD involving

• setup of MaPSA Test
• MaPSA = pixelated sensor bonded to MPA chip
• requires dedicated test card-setup, test software 

and analysis procedure
• will be complemented by measurements of 

module in the test beam and analysis of data



CV and IV of PSs sensor of bare module
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Module Assembly - PS Modules
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Hybrid Glueing

hybrid glueing jig manual

• Glueing trained on dummy module
• gained experience with jig

• amount of glue controlled through Kapton tape thickness
• works well

functional module on the jig after glueing

training with dummy module



Connections etc.

HV Tail connection: tiny but worked well POH to FEH connected nicely



Wire Bonding

PSp side jig

PSs side jig

in the wire bonder



Electrical before / enbetween /after assembly 

tests performed after each assembly step
Skeleton = all hybrids, no sensor connected


