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Detector concept
Micro-pattern gaseous detectors (MPGDs):

• Primary ionisation of gas molecules by particle
(drift region)

• Charge multiplication
(amplification region)

• MPGDs: amplification structure
O(10 µm): GEM or Micromegas

• Charge readout:
O(1 mm) pads/strips or O(10 µm) pixel

Drift region

Amplification region
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Timepix chip

Properties:
– active surface: 1.4 x 1.4 cm²
– pixel size 55 x 55 µm²
– 256 x 256 pixel array
– 14 bit counter in each pixel (ToA or ToT)
– Noise threshold ~500e- (ENC ≈ 90e-)
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Micromegas mesh

Micromegas mesh Timepix chip

+ → 

Moiré pattern

The Detection of single electrons by means of a micromegas-covered MediPix2 pixel CMOS readout circuit

M. Campbell et al., Nucl. Instrum. Methods Phys. Res., Sect A 540 (2005) 295
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Pixelated Micromegas

The Detection of single electrons by means of a micromegas-covered MediPix2 pixel CMOS readout circuit

M. Campbell et al., Nucl. Instrum. Methods Phys. Res., Sect A 540 (2005) 295

x

y

       X-ray photonCosmic particle track

+
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InGrid
Idea: fabricate grid on chip
→ align holes to pixel
→ control/optimise parameters
Pioneered by NIKHEF and 
University of Twente

1st step: on silicon waver
An electron-multiplying ‘Micromegas’ grid made in silicon wafer post-processing technology

M. Chefdeville et al. Nucl. Instrum. Methods Phys. Res., Sect. A 556 (2006) 490

2nd step: on single Timepix chip
Development of Micromegas-like gaseous detectors using a pixel readout

chip as collecting anode. Chefdeville, M. A. (2009). 
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InGrid
3rd step: wafer scale production

Yevgen Bilevych (U Bonn) at 
                       (Berlin)

• 8 inch wafer
• 107 Timepix chips
• 6th production run ongoing
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InGrid: Fabrication
Photolithographic process:

1: Starting with bare Timepix

2: Deposition of protection layer
     (4 or 8 μm SixNy )

3: Deposition of negative
    photoresist SU-8 (50 μm)

4: Exposure of SU-8

5: Sputtering aluminium (1 μm)

6: Putting mask on aluminium
    layer (photoresist)

7: Structuring aluminium layer by
    etching the holes

8: Development of SU-8,
    cleaning of residues
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Advantages
• Low material budget
• Radiation tolerant

• Spatial resolution
– Pattern recognition
– Single electron counting
σe/e ≈ 5%

• Gain uniformity
– Gas gain measurement
– Energy resolution
σe/e ≈ 6.6%

FE 55 spectra
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Application (I)
Photon detector
→ Used at the CAST experiment at CERN (Ch. Krieger) 
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Application (I)
Photon detector
→ Used at the CAST experiment at CERN (Ch. Krieger)

Physics:

• Count primary electrons (X-Ray energy)
• Event shape analysis (background suppression)
• CAST: search for Axion
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Application (II)
Pixel-TPC (demonstrator)

R&D in context of ILD-TPC@ILC

• ILC:next generation e+e- collider
      250 GeV → 500 GeV → 1 TeV
      precision machine for HEP physics

• ILD:one of two detector concept
      p-resolution: 10x better than LHC det.
      TPC as tracker

• Large TPC prototype at DESY, Hamburg
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Application (II)
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Application (II)
Pixel-TPC (demonstrator)

Diffused electron cloud
18



Michael Lupberger TIPP 2014

2013 testbeam
Reconstructed track

PreliminaryPreliminary

x – y view
B = 1 T
Z ≈ 45.5 cm
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2013 testbeam

PreliminaryPreliminary

ALICE TPC

B = 0 T, z = 5.58 cm, track length ≈ 5.6 cm

Hits per track
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2013 testbeam
Analysis

Physics:
• Reconstruct tracks, identify characteristics
• Study detector properties 
• Study point/track resolution
• Compare to traditional pad readout

5mm

5mm
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Pixel-TPC demonstrator

Equip larger area → demonstrate the pixel-TPC concept

Detector:
• 32 / 96 InGrid chips 
• Mechanical design / cooling
• Powering
• Readout
• Edge effects

Chip

PCB

Chip

400V

0V
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Pixel-TPC demonstrator

Equip larger area → demonstrate the pixel-TPC concept

Detector:
• 32 / 96 InGrid chips 
• Mechanical design / cooling
• Powering
• Readout
• Edge effects

22



Michael Lupberger TIPP 2014

Summary and Outlook
InGrid = pixelated Micromegas detector
• Combines advantages of MPGDs and pixel readout
• Available in mass production
• Used in particle physics experiment
• Development of pixel-TPC ongoing
Outlook: All ceramic grid
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Collaborators
LCTPC-pixel:

• CEA Saclay: Andrii Chaus, David Attié, Maxim Titov, Paul Colas

• DESY: Felix Müller, Ralf Diener, Ties Behnke

• NIKHEF: Fred Hartjes, Harry van der Graaf, Jan Timmermans, Rolf 
Schön, Wilko Koppert

• Uni Bonn: Alexander Deisting, Christoph Krieger, Jochen Kaminski, 
Johann Tomtschak, Kathrin Kohl, Klaus Desch, Michael Lupberger, 
Robert Menzen, Thorsten Krautscheid, Yevgen Bilevich,

• LAL Orsay/Uni Kiew: Sergey Barsuk, Oleg Bezshyyko, Oleksiy 
Fedorchuk 

• Uni Siegen: Amir Shirazi, Ivor Fleck

Special thanks to: Fraunhofer IZM, LCTPC Collaboration, DESY 
testbeam support
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Backup slides
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Ceramic Grid

B1



Michael Lupberger TIPP 2014

History
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B2



Michael Lupberger TIPP 2014

LCTPC-pixel collaboration
• LCTPC collaboration:

– Develop a TPC for physics up to 1 TeV (at the ILC) 
– Groups from America, Europe and Asia
– Several readout concepts using GEM/Micromegas

• LCTPC-pixel
– R&D towards a pixel-TPC: MPGD + pixel readout
– Groups:

• NIKHEF: Module construction
• University of Kiew: Simulation
• LAL Orsay: Simulation
• CEA Saclay / DESY: Data analysis
• Uni Bonn: Module construction, readout system, data analysis
• Uni Siegen: Data analysis

– Goal: build a demonstrator module for a pixel-TPC
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2013 test beam

March/April 2013: 2 LCTPC octoboard modules

• Different amplification structures: GEM / InGrid

• Test of readout system

• Readout rate: 2.5 Hz; 40MHz clock

• Electron beam of up to 6 GeV

• Gas: Ar:CF4:iC4H10 (95:3:2) = T2K gas

• ~ 2 Mio. frames recorded, including B = 1 T

• Extensive testbeam program

• Preliminary data analysis in MarlinTPC Robert Menzen
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Reconstructed tracks
PreliminaryPreliminary PreliminaryPreliminary
x – y view
B = 0 T
Z ≈ 5.5 cm

x – z view
B = 0 T
Z ≈ 5.5 cm

PreliminaryPreliminary
x – y view
B = 1 T
Z ≈ 45.5 cm
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Reconstructed double tracks

PreliminaryPreliminary PreliminaryPreliminary
x – y view
B = 0 T

x – z view
B = 0 T
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Preliminary z-scan results

Fit function 

P0: intrinsic x-y resolution 327 µm 
dominated by field distortions
P1 = 310  µm/√cm: 
diffusion in T2K for E = 230 V

=> Field distortions under
     investigation

preliminarypreliminary

preliminarypreliminary

f (x )=√ P02+ P12⋅z

B = 0 T

B = 1 T

B7



Michael Lupberger TIPP 2014

Detector construction
Jan Timmermans (NIKHEF) : 2 Octopuce testbeam

• Construction of InGrid octoboards

• Testbeam with 2 Octoboards @ LP in March 2014 
– B = 0T and B = 1T
– Stable operation
– Analysis not started

• Plan for module layout + readout
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Data analysis
Andrii Chaus (DESY/CEA Saclay):
Processing Octoboard test beam data

• MAFalda analysis framework ok for fast analysis at testbeam
– Track reco based on raw data, no GEAR info
– Field distortions, drift velocity, residuals, diffusion 

• MarlinTPC for real analysis (using GEAR information)
– Processors for octoboard analysis 
– Analysis chain setup ongoing
– GEAR geometry for 2 InGrid octoboards + 5 Micromegas

Amir Shirazi (Uni Siegen):
Just started to set up and learn MarlinTPC
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Simulation
Oleksiy Fedorchuk (Uni Kiew) : Octoboard simulation 
• Single octoboard simulation 

– Successfully modelled
– Field distortions  
– Simulated occupancy similar to data
– Impact of shifted chips

• Next step:     
– 100 chip module

B10
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Data analysis
Martin Rogowski: A new tracking algorithm

• Algorithm from Forward Tracking Detector for ILD

• Comparison of different algorithms
– Standard Hough Transformation from MarlinTPC
– Fast Hough Transformation (DESY)
– Randomized Hough Transformation (Lappeenranta)
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Readout system
Scalable Readout System (RD51, CERN)

Chain: Chip – Adapter card+FEC – Computer
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SRS with Timepix chip

SRS FEC – Adapter board – HDMI cables – intermediate board – octoboard 

B13



Michael Lupberger TIPP 2014

LP module: next steps
~100 chip module
• Project: test a 32 InGrid board in September/October

– Similar design as 8 InGrid module
– Expandable to 96 InGrids

• Mechanical design
(Johann Tomtschak)
– CAD drawings in SolidWorks
– Use water cooling

• Construction in workshop:
– light LP frame
– chip support structure
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LP module: next steps
~100 chip module
• Field distortions & powering (Kathrin Kohl) 

– Was already critical for a single octoboard
– Low voltage supply for 4/12 octoboards?
– High voltage supply

• PCB layout (Jochen Kaminski)
– Depends on powering
– Space is limited
– Need many HDMI cables

• InGrid bonding, testing, quality control, calibration

B15
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Xilinx Evaluation board

Virtex 6 FPGA
B16
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