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COMPASS RICH THGEM CMS large GEM

e pitch size: few hundred pum, e s = m sialzaton

e high-rate capability:
>1 MHz/mm?2,

WG5 MPGD-Related

WG3 Applications, Trainin; g Electroni
ectronics

and Dissemination

e spatial resolution: ~ 30 pm,

WG4 Modelling of Physics
Processes and Software Tools

e time resolution for single

academia-industry matching event

photoelectrons: < 1 ns.
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Micremegas + Timepix CMOS Pixel Chip ("InGrid") * InGrid/GridPix:

InGrid: integrate Micromegas & pixel chip * GEM/Micromegas:
by Si-wafer post-processing technology

- Grid robustness & Gap/Hole accuracy * CMOS pixel ASIC:

— * MediPix;
i
Deposit - e
50 pm SU(8) 0.8 pym Al gnid
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* TimPix.

I

integration
Apply Si3N4 (high
resistivity layer 3-20 um)

* compactness
for discharge quench L/

& SPARK N [ _ * resolving power
PROTECTION B S S

before InGrid .
pro:l.uc':ion e - BHARYAFY : TPCHYIEH

M. Chefdeville et al, NIMA556(2006) 490
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Performance/Design Goals

Momentum resolutioﬂ at B=3.5T
Solid angle coverage
TPC material budget

§(1/pt) ~ 107*/GeV/c TPC only

Up to cost/ ~ 0.98 (10 pad rows)

~ (.05 Xy including the outer field cage in r
< 0.25 Xy for readout endcaps in =

umber of pads/timebuckets
ad pitch/no.padrows

~ 1-2x10°/1000 per endcap
~ 1 mmx4-10 mm /~200

Opoint in ?O

Opoint 111 7'

2-hit resolution in ro
2-hit resolution in r=
dE/dx resolution

Performance

Background robustness

Background safety factor

< 100pm (avg for straight-radial tracks)

~ (0.4 — 1.4 mm (for zero — full drift)

~ 2 mm (for straight-radial tracks)

~ 6 mm (for straight-radial tracks)

~5%

> 97% efficiency for TPC only (py > 1GeV/c)
> 99% all tracking (p; > 1GeV/c)

Full efficiency with 1% occupancy,

Chamber prepared for 10-20% occupancy

(at the linear collider start-up, for example)

- B FEEIE © 106

ALIGETEC:

e pad X/ : 7x4.5 mm?
. J\EE%I : 570132




ILC-TPC LP1 STUDY

GEMs Micromegas

Pad: ~1x6 mm?, ~5000ch/Module Pad: ~1x6 mm?, 1728ch/Module



ILC-TPC LP1Micromegas module D% Processfor M
manufacture

Carbon-loaded kapton or
Diamond-like carbon as resistive

pad-plane
(front)
pad-plane

connector

frame
cooling pipe

Module size: 22 cm x 17 cm
Readout: 1726 Pads

24 rows

HV supply

Chips on board (wire bonding) - The resistive foil Pad size: ~3 wmm x 7mm

suffices to protect against sparks - 0.25 X° thick

Micromegas TPC Sep. 1, 2016 7



LP1-TPC readout using GridPix
What is GridPix?

@ GridPix is a type of micro-pattern gaseous

detector (MPGD) Linear Collider TPC with 160 GridPixes
@ Other well known types of MPGDs use GEM Test e-beam at DESY

foils and Micromegas o
What sets GridPix apart from the others? .
@ The grid is produced directly on top of ASIC

@ Good alignment of grid holes and pixels
@ Primary electron counting instead of charge e\

integration improves the energy resolution
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PASA/ALTRO AFTER Super-ALTRO Timpix
TPC ALICE T2K ILC ILC
Pad size 4 x 7.5mm? 6.9 x 9.7mm? 1 x 6mm? 55 X pum?
Pad channels 5.7 % 10° 1.25 x 10° 1—2x10° 106
Max drift time 92415 20us 46pus 465
Readout Chamber MWPC MicroMegas | GEM/MicroMegas | GEM/MicroMegas
Front-end
Gain 12mV /fC 18mV /fC 12-27mV /fC 2.64mV /fC
Shaper CR— (RC)* CR — (RC)? CR - (RC)* None
Peaking time 200ns 100ns 30-120ns 90-180 ns
ENC 385e 1000e 520e 100e
Front-end
Method ADC SCA ADC TOT
Method ADC SCA ADC TOT
Sampling frequency 10MSPS 25MSPS 40MSPS
Dynamic range 10bit 10bit 10bit
Buffer depth 1k 511 1k
Data reduction Yes No Yes Low data amount
Power consumption 32mW /ch 6.2 7.5mW /ch 1.76mW /ch* 14i1AnyW /ch
Radiation tolerance 160krad No 200krad
CMOS Process 250nm 350nm 130nm 250 nm
Status Installed Installed In study In study

* with 0.5% duty cycle of power pulsing
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« TU-TPC@20075F
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- EFH5Is4IEI

o IEHEF : 10cmx10cm

$1q XFOAINA N6

PPC
MCLF
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Reset ES I ey MROC
TO (NIM) Check > | —
| [Veo i Reload-| | 1>
Coincidence CLK > ;
st ¥ MFI
CLKE >
Preamp Start > L1
ard T start 3 MQT
2 > X 10
oo Smoeoeeeeeee |

TPCIMEPC prototype electronics block diagram
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Neutron-TPC@20145E
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HETFB1TiH+HIAYASIC:CASAGEM
- 320MMEIE ;
o SEHEFH : 10cmx10cm

Fig. 4. The layout of CASAGEM.

Fig. 5. The testboard of CASAGEM.

Table 1. The specifications of CASAGEM.

element value unit note
gain 2, 4, 20, 40 mV /fC
dynamic range 0-1000 fC
shaping time 20,40,60,80 ns
integrated linearity <1%
power consumption <10 mW /ch

ENC <2000 electron  input cap:50pF
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e CEPC : Pre-CDR

On Detector Optical Link Off Detector
MPGD Readout Front-End |

data DAQ
| |
: AFE > | ADC |
| ’
Trigger/CLK/
Slow Control
 AFE: preamp]ifier + shaper Total number of channels 1 2 Million
X AFE/ENC 500e
ADC: waveform sampling ADC AFE/Gain 10-30 mV /fC, programmable
- |=_|H__|':ZI ﬁﬁ?—ﬁ g EFF;&%EBE&UB’J AFE/Peaking time 30-120 ns, programmable
,& 73X 1E|'£B|Z7|( ADC/Sampling rate 40 MSPS
ADC/Resolution 10 bit
Buffer latency o0ys
Data readout rate 20-40 Gb per event w.o. zero suppression
Power consumption <10 mW per channel
Area < 6mm? per channel, incl. cooling
Process CMOS 65nm
__________________________________________________________________________________|
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Property Nal(TIl) BGO YSO GSO BaF2
Density (g/cm3) 3.67 7.13 7.4 4.53 6.71 4.89
Effective Z 50.6 74.2 65.5 34.2 58.6 52.2
Attenuation length 2.88 1.05 1.16 2.58 1.43 2.2
Decay constant (ns) 230 300 40 70 60 0.6
Light output (photons/keV) |38 6 29 46 10 2
Relative light output 100% 15% 75% 118% |25% 5%
Wavelength *(nm) 410 480 420 420 440 220
Intrinsic AE/E (%) 5.8 3.1 9.1 7.5 4.6 4.3
AE/E (%) 6.6 10.2 10 12.5 8.5 11.4
Index of refraction 1.85 2.15 1.82 1.8 1.91 1.56
Hygroscopic? Yes No No No No No
Rugged? No Yes Yes Yes No Yes
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2: Analog Silicon Photomultiplier Detector
Vbias
§Z iz Readout ASIC
==L\ Te
’I‘EM | ° Discriminator HTDC—# Time
SIPM |
Shaper H{ | HADCH Energy
e SiPM

Analog SiPM HIHEIMES ( BBibKF )

Digital Silicon Photomultiplier Detector

\ Vbias Vbias
% 5 Detector + Readout
K= F v oo
PSZ% ’ Elegfgnics " Elecct?c':nics ASIC
S | P M 25y, 'J_ Recharge I:L | -

Trigger || - ;
Network TDC = Time

yvy

Photon

™| Counter — Energy

Digital SIPM #HEFES (SEFHEFNZIARTE )
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* High output capacitance
e Skew between channels
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Uil )
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Not suitable for ps timing resolution

William.Lemaire@USherbrooke.ca

® Photosensitive area
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First photon
detected

Figure 3 Digital photon counting in practice, showing the arrival and detection of individual photons,
and timing measurements.



CLYC: CS,LIYCL,:CE

L GCs,LivCl:Ce
MEIBNG POINE: s 640°C
OIS ciiciaiiicosisioniasiisisisses s iabas e o s ss e 3.31 glam?
CIySTalSUCHIG e e Cubic
Cleavage planes i s None
Water Solubility ..........cccoooevueecuinncnnnnn. ... Hygroscopic
Refractive index 1.81 £ 0.037 @ 405 nm
Coefficient of Thermal Expansion ............ 34.34x10%/°C @ 30°C
Emission Spectral Range 275-450 nm
14} premmrreee - e e e P
CLYC Ce 3
662 keV _
AE~38% }

Intensity, counts/sec

13705 Spectrum

O = N W & 00 O N o ©
TTTT T T

0 100 200 300 400 500 600 700 800

Peak Scintillation Wavelength ... 370 nm
Decay Constants (CVL, Ce3+, Ce-STE).............. 1 ns, 50 ns, 1000 ns
Scintillation Light Yield.... crerennnn20,000 ph/MeV
GEE for Thermal Neutrons 3.2 MeV
X-ray Absorption Coef. at 100 KeV ............ccccoceureeruncee. 3.97 cm?!
X-ray Absorption Coef. at 662 KeV .............ccccoceuuenee. 0.251 cm’
Radiation Length 342 m
Heat Capacity ..... 0.379 J/(g*K)
Thermal Conductivity ..........ccccocurnunne. 0.0067 W/(cm*K) at 50°C
1.0 - T T T
#'Am/Be ‘
09l | - FOM=3.9 ]
o Neutrons
.g .
£
=
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©
=
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},: Gamma-Rays
04 A 1 L 1 I L
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2" CLYC - Pulse Height Analysis
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2" CLYC - Pulse Shape Discrimination
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Amplitude [A.U]
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— Peak: 6629.13 = 1332.54 ke¥
PWHM: 1.88 PW([1/5]M: 2.94
Library: Co-60 [Cobalf] at 1332.50; 13.65 cA
Gross Area: 13636
Met Area: 12730 +132

Gross{Net Count Rate: 14.62 { 13.64 cps

FWHM=1.88keV@Co-60
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Fig. 5: Ge detector with internal
amplification [64]. Shown in the upper
part are: 1 — anode strips, 2 — cathode,
3 — guard electrodes, the scheme of n+
and p+ - layers.
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Fig. 3. Block diagram of the anode channel.
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Fig. 2. Block diagram of the ASIC.
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Fig. 1. (A): A20 mm X 20 mm X 15 mm CdZnTe detector made by eV-Prod-
ucts. (B): The top and bottom views of H3D ASIC front-end board designed by
Brookhaven National Laboratory. (C): The common-grid pixelated anode pat-
tern. (D): One assembled detector module mounted on the motherboard.
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Detection Array System

! X-ray tube X-Ray Generators

Beam Shaping Collimator
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Direct Conversion Detector

X-Ray Photons

High energy
photons hit a
semiconductor
and are directly
converted to an
analog signal

A fast ASIC
translates
individual signal
pulses to counts
at several energy
bins

Ao
LI |

Direct Conversion Material
’ﬂ?‘ M | ~13,000 e-hole
'W‘ ’L pairs per 60 keV
& J’j\/ \Lj\l photon

Spectral Profile

~ 1000 e-hole

Conventional Detector

pairs per 60 keV

photon in the
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Scintillato

Photo Diode

photodiode

@

Integrated Energy
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IS

I CSA

Value

Window Logic 16b Counter Shifter Reg
Discriminator :._l | | ‘ |»| | ‘ ||
Hip : 2
o :.—I ] ey ] i
CR-(RC)® :@—E '
| NG B =[] i
Y e :
E B w1 i
BLH :@—E 2 2
| | e [T i
I iy
Parameters
/ Gain
Peak fime
LAY 5 Shaper
group ggqqéamlc range

Power consumption
Channel no.
Process

150 mV/{C

100 ns

CR-(RC)®

8 1C (250 keV @ CZT)
<500 e (@ 2pF

<4 mW/ch

32

0.18 pum CMOS
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