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Outline
• Micro Pattern Gas Detector
• An overview of the various technologies
• The Micro Pattern Technology Workshop at CERN
• A collaboration to facilitate MPGD technological developments: RD51



Before entering into the subject of the talk… let’s talk 
about the logos
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The Latest Results of 

Crystalized Glass GEM

15th RD51 Collaboration 

Meeting, 

20.FRI.2015, Yuki 

Mitsuya

… and no peace for it, even after roughly 
twenty years…

The famous bat….

Still in the lab….
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G. Charpak and M. Meynadier

[66] G. Charpak and M. Meynadier Priv. Com. Oct. 2000
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Micro Pattern Gas Detector

Since the end of the 
millennium… many 
reviews



Wednesday, 10 June 2015, CERN
RD51 Academia-Industry Matching Event Special 

Workshop on Photon Detection with MPGDs
7

• High Rate Capability

• High Gain

• High Space Resolution

• Good Time Resolution

• Good Energy Resolution

• Excellent Radiation  Hardness

• Good Ageing Properties

• Ion Backflow Reduction

• Photon Feedback  Reduction

• Large Size

• Low Cost

• MHz/mm2  (MIP - Minimum Ionizing Particles, 2MeV cm2 /g)

• Up to 105 -106   

• <100mm

• In general few ns , sub-ns in specific configuration

• 10-20% FWHM @ soft X-Ray (6KeV)

• % level sort of easy, below % in particular configuration

• m2
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In this talk…. We will focus on the following amplification stages…

mPIC

Micro bulk InGridMicromegas Bulk

GEM THGEM

MHSP

GLASS GEM50mm GEM

THCOBRA



Wednesday, 10 June 2015, CERN
RD51 Academia-Industry Matching Event Special 

Workshop on Photon Detection with MPGDs
9

http://www-flc.desy.de/tpc/projects/GEM_simulation/ Development and tests of m-PIC Resistive 
Cathode, A. Ochihttp://garfieldpp.web.cern.ch/garfieldpp/

examples/mmlowenergypion/

http://www-flc.desy.de/tpc/projects/GEM_simulation/
http://garfieldpp.web.cern.ch/garfieldpp/examples/mmlowenergypion/


meshes
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Micromegas

Bulk (using woven meshes)

Copper Etching Kapton Etching

Micro-bulk (using kapton) 

http://iopscience.iop.org/1748-0221/5/02/P02001/pdf/1748-0221_5_02_P02001.pdf

(…later built directly on CMOS pixels)

http://iopscience.iop.org/1748-0221/5/02/P02001/pdf/1748-0221_5_02_P02001.pdf
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microbuk.. A sort of “ART” on working with Kapton…
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Resistive Micromegas (ATLAS NSW upgrade & MPT Workshop)

Bulk… spark protection (from now “resistive” a la mode… motivated)
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mm ATLAS NSW upgrade

Screen Printed Resistive Layer for ATLAS 

Large area… not bulk anymore

Assembly … as important as the micro structure .. 
If you want to preserve the properties at large 
scales
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Resistive Layers… not only screen printing
Vacuum Deposited Diamond Like Coating
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Resistive Layers… not only micromegas… (I start to mix technologies)
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mm Resistive… not only strips…. Resistive pads

De Oliveira, Peskov, Chefdeville et al.

A possible solution for MPGD&Calorimetry… Chefdeville et al.



holes
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50 um

140 um

Double Mask

GEM… <100mm holes, <100mm tickness, Kapton (Apical)

Sort of standard dimensions…
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50 um

140 um

Double Mask

Single Mask

GEM on large area



Wednesday, 10 June 2015, CERN
RD51 Academia-Industry Matching Event Special 

Workshop on Photon Detection with MPGDs
21

CMS Moun System Upgrade

NS2….. New Stretching – No Spacers…

Assembly … as important as the micro structure .. 
If you want to preserve the properties at large 
scales
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Another example of large GEM…. ALICE TPC Upgrade

A continuous read-out TPC for the ALICE upgrade, C. Lippmann, Elba 2015

Large GEMs….
Multiple stages…
From small prototypes.. To final size.. proved
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THICK GEM… Scale up by a factor of 10 (geometrically.. not the processes in gas)

300mm 6
0
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Status of the Development of Large Area 
Photon Detectors based on THGEMs 
and Hybrid MPGD architectures for 
Cherenkov Imaging Applications , 
C.A.Santos, Elba 2015

Large area THGEM… the COMPASS RICH-1



holes…. different materials
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Mostly JAPAN…. Only JAPAN in my slides…
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LCP

Different process.. Different geometrical 
characteristics
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WELL… as in the past, WELL… not 
true… now resistive
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HOLES…. NOT FLOATING ANYMORE
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Protection, signal integrity and 
charge evacuation
Protection, signal integrity and 
charge evacuation

With THGEM….
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https://agenda.infn.it/getFile.py/access?contribId=2
0&sessionId=9&resId=0&materialId=slides&confId=
7618

Protection, signal integrity and 
charge evacuation

With GEM….

Previous designs

New designs

https://agenda.infn.it/getFile.py/access?contribId=20&sessionId=9&resId=0&materialId=slides&confId=7618


hybrids
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A reciprocal support in between multiple amplification stages
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https://indico.cern.ch/event/35172/session/0/contribution/6/material/slides/1.pdf

Hybrids…

S. Duval et al., NIMA 695  (2012) 163

Drift wires

THGEM

Micro Mesh

Anode

UV LED 
Source

Kapton/Fused Silica Window

S. Levorato, Hybrid MPGD 
based photon Detector, 
R&D update, Rd51 
Collaboration Meeting, 
CERN Feb-2014 

THGEM+mm
GEMs+mm

An aging study of MICROMEGAS+GEM S. Kane et al

THGEM+PIM+mm

https://indico.cern.ch/event/35172/session/0/contribution/6/material/slides/1.pdf
http://www.google.it/url?sa=i&source=images&cd=&cad=rja&docid=JwMqXhwPh3yXLM&tbnid=95nmCwENYZ5wAM:&ved=0CAgQjRwwAA&url=http://www.wpclipart.com/signs_symbol/electrical/IEC_symbols/IEC_LED_Symbol.png.html&ei=I5pJUteWD8LKtQb7zoHYBQ&psig=AFQjCNHBPsVfxQ5sK0S9Ah4dDe5vBgd1Zw&ust=1380641699296008
http://www.google.it/url?sa=i&source=images&cd=&cad=rja&docid=JwMqXhwPh3yXLM&tbnid=95nmCwENYZ5wAM:&ved=0CAgQjRwwAA&url=http://www.wpclipart.com/signs_symbol/electrical/IEC_symbols/IEC_LED_Symbol.png.html&ei=I5pJUteWD8LKtQb7zoHYBQ&psig=AFQjCNHBPsVfxQ5sK0S9Ah4dDe5vBgd1Zw&ust=1380641699296008


MPGD Shapes
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GDD team, PH-DT CERN
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readout
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Readout Pattern… if the readout is not part of the amplifying stage there are no 
particular limitation..

If it is part of the amplification stage (mm)… one has to avoid any effect on the 
gap..(flat.. or capacitive coupling)
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Two given channels are connected to neighboring strips only once in the detector
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resistive 

charge 

partition



MPGD and CMOS pixels
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https://indico.cern.ch/event/16213/session/0/contribution/16/material/slides/2.pdf

ftp://ftp.iaps.inaf.it/polar/Weiqun/Bellazzini_NIM_2006_105k_NIM.pdf

https://indico.cern.ch/event/16213/session/0/contribution/16/material/slides/2.pdf
ftp://ftp.iaps.inaf.it/polar/Weiqun/Bellazzini_NIM_2006_105k_NIM.pdf
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https://web2.infn.it/GEMINI/index.php/gempix-detector

https://web2.infn.it/GEMINI/index.php/gempix-detector
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Photosensitive epoxy SU-8 
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Photosensitive epoxy SU-8 
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M. Lupberger, J. Kaminski, Bonn university

Octopuce Board 



MPGD Technologies  

MPT (micro pattern technology) 
workshop @ CERN
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MPT Workshop @ CERN

https://indico.cern.ch/event/352483/

A
n

to
n

io
 Teixeira

Software UCAM Photo Plotter Film Film Developer

Photolithography

https://indico.cern.ch/event/352483/
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https://indico.cern.ch/event/352483/

A
n

to
n

io
 Teixeira

Lamination

Copper/Epoxy/Copper Laminator (600mm max) Solid photoresists
30 µm: standard
20 µm: Gem
15 µm: fine line

MPT Workshop @ CERN

https://indico.cern.ch/event/352483/
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https://indico.cern.ch/event/352483/

A
n

to
n

io
 Teixeira

UV exposure and development

Development

UV Exposure After Exposure UV development After Development

MPT Workshop @ CERN

https://indico.cern.ch/event/352483/
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https://indico.cern.ch/event/352483/

A
n

to
n

io
 Teixeira

Laser Direct Imaging

Development

MPT Workshop @ CERN

https://indico.cern.ch/event/352483/
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https://indico.cern.ch/event/352483/

A
n

to
n

io
 Teixeira

Copper Etching

Development

After
etching

Before
etching

After
stripping

Etching

MPT Workshop @ CERN

https://indico.cern.ch/event/352483/
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https://indico.cern.ch/event/352483/

A
n

to
n

io
 Teixeira

Kapton Etching

Development

Ethylene and soap Tank for 
large detectors

Ethylene Tank for Micro-bulks Kapton Etching online

MPT Workshop @ CERN

https://indico.cern.ch/event/352483/
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https://indico.cern.ch/event/352483/

A
n

to
n

io
 Teixeira

MPT Workshop @ CERN

Semi Automatic 
Screen Printer

Screen Semi automatic machine
Subcontracted, 20 boards/h
Printing area 1.5m x 0.9m

Screen Printing

Screen Printer (purchased)
Printing area 1.5m x 2m

https://indico.cern.ch/event/352483/
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https://indico.cern.ch/event/352483/

A
n

to
n

io
 Teixeira

MPT Workshop @ CERN

MCM-L Low Mass
MCM-L – Multi-Chip Module - laminated MCM. The 
substrate is a multi-layer laminated PCB (Printed circuit 
board).

Multilayer 8 Layers
Kapton /Copper

Mechanical Holes 200 µm
Chemical Vias 80 µm
Minimum Lines 50 µm

https://indico.cern.ch/event/352483/
http://en.wikipedia.org/wiki/Printed_circuit_board
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https://indico.cern.ch/event/352483/

A
n

to
n

io
 Teixeira

MPT Workshop @ CERN

MCM-C 
MCM-C – ceramic substrate MCMs

Metal Layers: GOLD
Dielectrics : Glass 
Via filled by GOLD
Paste Cured at 900 Degrees

Wire Bonding Sector
Pitch 100 µm
Lines 50 µm

https://indico.cern.ch/event/352483/
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RD51
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WG1
Technological Aspects 
and Development of 

New Detector Structures

R&D support for 
experiments and LHC 

upgrades
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WG2
Common Characterization 

and Physics Issues
Generic R&D 

RD51 Common Projects
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WG3 
Applications - organization 
of series of specialized 
workshops disseminating 
MPGD applications beyond 
fundamental physics –
RD51, potential users and 
industry

NWG
MPGD Education and 
Training : organization of 
schools for students and 
newcomers & academic 
training 
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WG4
Detector physics
Development and 
Maintenance of 
Software & Simulation 
Tools for the RD51 
community.
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WG5
Development and 
Maintenance of the SRS 
Electronics; An extended 
support for the SRS 
including new 
developments and 
implementations of 
additional features
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WG6
MPGD 
Industrialization and 
QA Control - GEM, 
MicroMegas, Thick 
GEM; Completion of 
the industrialization 
of main technologies
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WG7
Maintenance and 
extension of the 
RD51 Lab and Test-
Beam Infrastructure



MPGD conferences & RD51CM

IWAD conference & RD51CM
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= project is in the list of  RD51 member

= as a project they have/had 
permanent installation in the 
RD51 lab 

= has used the RD51 lab for 
specific measurements

= has used the RD51 Scalable 
Readout System (SRS)

= has used simulation tool for 
MPGD (Garfield etc.)

= MPGD from the MPT 
workshop

= RD51 Common Fund 
Projects

= has used the RD51 test 
beam facility

RD51 Academia-Industry Matching Event Special 
Workshop on Photon Detection with MPGDs

RD51 and the MPGD community
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From 2009… maybe an interesting discussion for the workshop…
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Conclusion
• Micro Pattern Gas Detector: a versatile technology… different option for different 

requirements… VERY IMPORTANT TO move to different APPLICATIONS

• The technology offer already well consolidated solutions…

• Resistive protection is strongly entering in the field…

• New materials can enlarge the “field of use”

• MPGD and CMOS pixel… the future MPGDs for future experiments…

• New processing techniques (plasma etching, ink jet printing) can open the scenario to new 
structures (or smaller)

• RD51 is present and it is an important support to all the previous items… because most of 
the MPGD developers are active members of RD51
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Backup


