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1. The Gas Electron Multipliers

Concept of Gas Electron Multipliers

* Gas Electron Multipliers (GEM) [1] was introduced by Fabio Sauli in 1996-97

holes field lines and equipotential

with the molecules of the gas filling the structure

dimensional patterned charge detection anode

Gas Electron Multiplier electrode is a thin polymer foil, metal-coated on both
sides and pierced with a high density of holes, typically 50-100 mm~™

Inserted between a drift and a charge collection electrode, and with the
application of appropriate potentials, the GEM electrode develops near the

The large difference of potential applied between the two sides of the foil
creates a high field in the holes; electrons released in the upper region drift
towards the holes and acquire sufficient energy to cause ionizing collisions

A sizeable fraction of the electrons produced in the avalanche’s front leave
the multiplication region and transfer into the lower section of the structure,
where they can be collected by an electrode, or injected into a second
multiplying region, schematically a single GEM detector, with a two-
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stability

3. Manufacturing Process of GEM: Standard and Random Segmentation
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2. The Random segmentation: Motivation

Simplification of large area GEM foils production
* Removing GEM holes/Sectors alighment issue

Possibility to design HV sectors of any possible shape, with
reduced dead area between HV sectors

Improve the GEM foils transparence [2], [3]

Remove possible overlap between HV sectorization and
readout strips/pad in detectors realized with HV sectors
and readout pattern overlapping along the same I
coordinate

Expect to improve efficiency and uniformity within the
entire detector area covered by GEM foils

Prove that the single mask technique allow to master
GEM foils without any issue against HV distribution
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5. Performance of 10x20 prototype chamber

GEM Mask:
* No sectorization pattern defined

Sectorization mask:

* HV sector can assume any shape without

alignment mast problem
* GEM holes can be partially surrounded by copper
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* In the past similar R&D based on GEM foils produced
were abandoned due the GEM foils instability against
HV distribution (Sparks) [4],[5]
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GEM Foils transparency at X-ray for different kind of
sectorization, “Blank”, “Full holes”, “Random” [3]
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CMS-MEO Module, equipped with GEM foils “Blank” sectorized
along the RO Strips. Longitudinal HV segmentation clearly
observed in occupancy plot [6]

4. The 10x20 Chamber Prototype

Triple-GEM detector prototype

v’ active area: 10 cm x 20 cm

v’ gas configuration: 3/1/2/1 mm

v double-sided random segmented GEM-foils

v operating gas mixture: Ar/CO, (70/30) - 5 I/h

— single-mask photolithography technique

— 200 um width copper free gaps produced at
an angle of ~ 100 um w.r.t. the hole pattern

— 1MQ prot. resist. on top, 100kQ) prot. resist.
on bottom

Optical inspection results:

v'optical inspection by backlight >
good

v"holes uniformity = good

v'holes diameter - good

copper rings diameter: @, ~ 74 um
(required specs 705 um)

polyimide rings diameter: @,, ~ 53 um
(required specs 505 um)

Microscopie pictures of the random electrode sectorization

Double-sided random segmented GEM-foils

To be verified:

| v Possible copper

delamination risk in the
vicinity of the insulating
region between adjacent
sectors

v" Minimize the electric field
distortion and recover the
potential efficiency loss at
the sector gaps

6. Characterization and stability tests of 10x20 random segmented folils
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