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Micromegas fabrication aspects
Grids: Commercial available low cost choices

&tnlinlﬁréﬁt}. f}ectroformed grid Pilars (hf2§—200 um, t=50-300 wm)
Thickness=3 um, pitch =50 um , 25, 12.5um Photoresistive, kapton, glass....

Cloth grid (Fe, ....)
Thickness=20 pm

pitch =50 pm (500LPI)

Available in large rolls (1 m wide)

\ .4 s
1.3V VX3e 2808um \ 127 21 SEI
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NA48/KABES

* CP violation experiment in operation at
CERN from summer 2003 to end of 2005.
Flux 3x10%/cm?/s (107/cm?/s at hottest region)

* Principle : TPC + micromegas

* Fast, light and high rate BEAM detector

KABES in K12 (K*+K') beam line

Time resolution: 0.6 ns

-

Space
resolution from
drift time
measurement:

70 pm st
o R

(To)xases- (Todnca Spectrometer (ns)
Tagging with reconstructed K* ® p*p*p -

Oosd) a3oa0onfe ddy ¥ 25.08.2026
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CMS Compact Muon Solenoid

Muon
chambers

Tracker

4T solenoid | Total weight: 12,500 t

\ : : Overall diameter: 15 m
Finst operation during 2008 Overall length 21.6 m

pp gellisions at 10 TeV CM energy.in 2009, . . Magnetic field 4 T

25.08.2026




The CMS GEM Project

Instzl triple-GEM detectors (double stations) in 1.6<|n|<2.1-2.4 endcap region:

v" Restore redundancy in muon system for
robust tracking and triggering

v" Improve LI and HLT muon momentum
resolution to reduce or maintain global muon
trigger rate

v" Ensure ~ 100% trigger efficiency in high PU
environment

n (iR} 02 03 04 05 i3 07 0a 049 i0 i1
g* @431 TEE 79T &r.T" B2 5" EF 5" 528" 484" 4473 4047 B0 n o
T 17 | T ..J-I T 7 T _lf T !} T .| 7 T _.|" T | T -.‘.J- T T 4 12 135"
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1st GE1/1 Detector (2010)
Shielding // 52 ~ BN

B ,
Openings for % >
VFAT electronics 5
- g
Readout (PCB w/ ‘
256 strips) &
Frame \\

GEM
Foils

Drift _
plane ™
Al frame
with gas distrib.
grooves

HV
divider
Spacers

mm Al base plate

* Largest GEM built at that time;

active area 990 x (220-455)mm?

= Gap sizes:3/2/2/2 mm

* Single-mask foils with spacer frames

* 35 HYV sectors per GEM foil, ~100cm? each

* 1024 channels; 4 n partitions, 2 columns; 0.8-1.6mm strip pitch
* |ID readout
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p.. | Aging test @ CERN GIF

A CMS GEI/I detector was installed in the
CERN GIF; detector performance and
environmental & gas parameters monitored:
O Ensure long-term operation inside CMS

[ Understand effects of radiation on the materials
1 Understand ageing origin (if any) and propose

solutions
~ LHCb
=
%3 1 @“ﬁ?ﬁ?ﬂw% o T "';,,%
~J
—g oA
=
= o5
o EM
cMS high-1 c:ed charge N
ax. integra Gairf of 2x10*
K 50 M""Z/sz x-l'GYS, GEM settings:
s 10-davsi=-—>-20 Clem?
- R 1) A SRR ﬁn#egm#ed Drift: 3 kV/cm, Others: 3.5 kV/cm Induction: 5 kV/cm
N oy e [t IR ONNORS. . | SO Jny.. Iawaey, S| - Gain: 8 * 10% — 10% Gas mix: Ar/CO,/CF, (45:15:40)
Lol 2.5 5 7.6 1Q 12.%5 15 17.6 20 22.% a6

Integrated charge {C//cm?)
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Figure 96. Photo taken during the VXD installation in the Belle II detector: installation of the VXD in
the Belle II detector. The slide guide installed in the Belle II detector using the slide guide installed in the
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Figure 139. Cluster position resolution as a function of the track incident angle for data and MC simulation.
In the upper row u/P side results for layer 3 (left) and layer 456 barrel sensors (right). In the lower row v/N
side results/fordayerds(feft) and layer 456sbarrel sensorsi(dight). 25.08.2026
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Digital imaging began with the invention of the
Charge-Coupled Device (CCD) in 1969

Start of the the digital imaging revolution

Boyle and Smith’s invention improved commercial
and consumer products for decades and is one of the
most important technological innovations of the past
half-century

Since its inception, digital imaging has progressed
through improvements in CCDs and with the
emergence of Complementary Metal-Oxide Silicon
(CMOS) Image Sensor technology

Since 10 years CMOS has become the leading
imaging technology driving the second golden age ...

Nobel Prize in Physics 2009
Willard S. Boyle and George E. Smith "for the invention of an imaging semiconductor circuit - the CCD sensor.”
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CMOS Image Sensor Integrated Circuit Architecture

.......

......

.........

.......

-------

Digital Logic (Interface, Timing, Processing, Output) Figure:1

Source: Olympus (optical microscopy)

camera phones, vehicles, machine vision, human recognition
and security systems

= drive CMOS image sensors development and sales
cellular camera phones account for 62% of the sales

90% of the total image sensor sales in 2017
it was 74% in 2012, 54% in 2007

] . L.BagesRs Ooa3d) 3302006

(Re)-invented in the early ‘90

* All-in-one: Electronic Camera On Chip

* Standard CMOS technology

= |lower production cost significantly

= simpler integration of complex functionalities

* Very small pixels (today ~1um, 40M pixel)

CMOS Image Sensor Sales March Higher into Next Decade

$20
$18

2012-2017 CAGRs

$14
$12
$10

S8

$6
$4.0

Wordwide Market ($B)

2017-2022F CAGRs
Sales = 8.8% Units =11.7%

$7.1

Sales (5B) —#—Units (B)

$16 T Sales=11.9% Units = 17.9%

$12.5
$10.5

$13.7

$190T

Source: IC Insights
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* Single low-supply and much lower power consumption

* Increased speed (column- or pixel- parallel processing)

10

Worldwide Unit Shipments (B)
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The photodiode usually occupies 20-30% of the pixel surface ... the rest if occupied by the in-pixel electronics

3T Pixel 4T Pixel

Column bus RD SFD

Ml
°_| Follower AP _": _l
@
Select line J_ —|—

L |: M2
=
Photodiode i . Select

Pinned

i | photodiode |
B Column

Select Transistor = Bus

Pixel M3 ! —I_

J 'dd AN ’dd

Reset Transistor

n

“integration time” = “exposure time”, time between two consecutive reset pulses

Today, more complex structures (5T, 6T, ...) are also commonly used
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Rolling Shutter or Global shutter

Typical CMOS Image sensors ? ¥ * i
supports column- or pixel- o - - - .
parallel readout S PS PA P Pixel
’ @ * ° Array
-® o -® -0
Row 4 o o
Address N AT Y R ey
Decoder - ! . &
® ° 2 ®
v * 2 ?
-9 . = @
. . . .
; Sto
Global Shgtter | Rolling Sthtter | aztc?r:ss addrjss Sample & Hold Output

Column ADC
Address

Generator
Column Scanner
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In a standard CMQOS image sensor (in the early days) the photodiode is implanted in low-resistivity silicon

ionizing particle

Depletion region is shallow, Routing layers (metal layers, SiO,), passivation

’ i
charge collection efficiency is a few um
low NMOS TRANSISTOR ~ DIODE ~ NMOS TRANSISTOR | NMOS TRANSISTOR

~1pm

Moreover the detector
element covers only a small
fraction of the pixel area

few hundred pm

... not suitable for the Substrate P*
measurement of single
charged particles

~80 e-h /um

] . L .YageaRs Ooad) a3o0a0a0fs ddy ¥ 25.08.2026




fayo2383RGcOHt
2Yahoo

bR3tpnpasaahfhg
& 0 dactve pmixel semsorg, APS)

Use of an epitaxial layer with doping few order of magnitude smaller than one of the p++ substrate

Potential barriers exist at its

boundaries
kT N
v, = — In sub
q Nepi

kT NPWELL
= —pn—2E
q Nepi

which keep minority carriers
confined in the epi-layer ....

ionizing particle

Routing layers (metal layers, Si0,), passiv,étion

DIODE ~ NMOS TRANSISTOR f

Substrate P**

NMOS TRANSISTOR NMOS TRANSISTOR
G S | —
i PWELL ). NWELL PWELL /| NWELL \ PWELL 1 NweELL
i .’ K 1 1
! depleted .’i : \Z !
_____ S 1 VARSI (S
Epitaxial Layer P~ B

Sensitive volume
Vi

~80 e-h /um

v

... till they reach the depleted region underneath the NWELL collection electrode

[
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a few um

~1lpm

up to 20-25um

few hundred pum
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