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g From Micromegas to GridPix

"~ track I:1i‘gh .
energetic particle Standard charge collection:
Pads / long strips
Instead: Bump bond pads are used
Esin TR as charge collection pads.

pillars \readout pads

Could the spatial resolution of single
electrons be improved?
Diffusion in amplification region:

Ar:CO2 80:20 - o=11 pm

Ar:iC4H10 95:5 - 0=11 pum & 4 4
Ar:CF:CH 9532 -~ 0=11 um Wo- tomm BT 3500w cranoar- 1 5008pa P
Smaller pads/pixels could result in * Single electrons entering a hole are amplified

* Complete Avalanche collected on one pixel

better resolution! every signal above threshold corresponds
At NIKHEF the GridPix was invented. to one primary electron

" NiM A535 (2004) 506-510  J. Kaminski ]
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Timepix ASIC

Available for tests since Nov. 2006
Number of pixels: 256 x 256 pixels

Pixel pitch: 55 X 55 um?
Chip dimensions: 1.4 x 1.4 cm?
ENC: ~90 e

Limitations: no multi-hit capability.

Each pixel can be set to one of these

modes: TOT = time over threshold (charge)
Time between hit and shutter end

Both not possible simultaneously.

Threshold _......_...........
Preamplifier /
Clock L/ LI L
Shutter |
discriminator
ToT counter OO0 OO0
ToA counter OO OO OO OO OO0




klhef Protection Layer [ESA*

Institute for Nanotechnology

Discharges triggered for example by highly ionizing particles could easily
destroy the chip. The charge collected by one pixel was too high.

@ Frame Browser Previe =]
. - File ©Options Wiew Service Frames
A protection layer is placed . e £ o

on the chip to disperse the i =
charge on many pixels and ] —

Al ek

[ auko range: IMin - Max vl

[ Countrate Time:1s

thus lower the input current

per pixel. Besides, the “., A S
charge is removed slowly \, B o
and thus quenches the

T EXal [11, 108]
ISCnharge. O
Min: 1]
Maxc: 11510
Total: 1.03342+007
Mean: 157.69
Std, dew.:  1090.7

high resistive material
4 um Si N_(~10"Q-cm)

Chips survive several
million discharges.
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Failure of the Protection Layer

e et e During test beam with 160 GridPixes, a
S1u0 s number of Timepixes were damaged:

= [ Chips not usable due to nolse

E 120 Noisy, but usable chips .

£ ) o Problem could be traces to faulty machine
£ & at Mesa+ which lead to defects in the

protection layer.

With new machine the protection layer is
good again, chips survive hours of
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T Optimization of InGrids ot

_ s
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Detailed studies have been performed to optimize the layout of the structure.
(NIMA 591, pp. 147, 2008, PhD. Thesis of M. Chefdeville, Nikhef)

3 -
- /f'“\ The influence of the gap size and
E / \ hole diameters on gain, energy
I \ resolution, ion feedback and collection
= 15 efficiency were measured.
3 - | %/ ndf 1.909e-007 / 0 \
1 - poO 24.44 + 4.372 3
F | P 1.013 £ 0.162 \ 20 b m 50 um gap
0.5 = S |
C | P2 -0.009422 + 0.001483 — o F ™ e 75 um gap
40 45 50 55 60 65 70 75 80 ®w zof y - 100 pum gap
Gap (um) E -
- 15E i
Also the layout of the supporting 510 [ .
structures (pillars and dikes) was F )
optimized to give the highest Dé * .
mechanical strength. N A A

; Topical WS on FEE for gas detectors
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g Wafer-based Production Z fraunhofer

. 1IZM

Production at Twente was based on a 1 to 9 chips process.
This could not satisfy the increasing demands of R&D projects.

A new production was set up at the Fraunhofer Institut IZM at Berlin.

This process is wafer-based — 1 wafer (107 chips) is processed at a time.

1. Formation of Si,N, protection layer

2. Deposition of SU-8

3. Pillar structure formation

4. Formation of Al grid

FE.EW 5. Dicing of wafer
—

6. Development of SU-8

il

Jkaminski — The process will be transferred,

Topical WS on FEE for gas detector

UNIVERSITAT 1662021 10 the FTD at Bonn in 2022.



Mag= 58X Signal A = SE2 [200um Stage at T= 60.0° Fraunhofer 1ZM Mag= 324X  Signal A= SE2
WD= 19mm EHT = 20.00 kV |—| Chamber = 7.43e-004 Pa WD= 18 mm EHT = 20.00 kv

StageatT= 70.1° Fraunhofer IZM
Chamber = 4.07e-004 Pa

Mag= 174X  Signal A= SE2 100pm)| StageatT= 0.0° Fraunhofer IZM Mag= 303X  Signal A= SE2 20um StageatT= 70.1° Fraunhofer IZM
WD= 8mm  EHT=20.00kV | Chamber = 1.31e-003 Pa WD= 18mm  EHT =20.00 kv — Chamber = 7.23-004 Pa

J. Kaminski
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Nomenclature

Timepix / Timepix3: CMOS-ASIC designed by the Medipix collabora-

tion, originally planned as an imaging chip for medical applications
(NIMA 581, pp. 485, 2006)

InGrid: Integrated Grid: Micromegas structure built on top

of pixel chip with industrial postprocessing techniques
(NIMA 556, pp. 490, 2006)

GridPix: complete detector based on InGrids +
Pixel chip including cathode, gas volume etc.

TwinGrid: two grids on top of each other
(NIMA 610, pp. 644, 2009)

GEMGrid: Same as InGrid, but grid rests on solid layer
with holes, instead of pillars (NIMA 608, pp. 96, 2009)

with minimal material budget, e.g. 1 mm of gas gap, thinned ASIC

" J. Kaminski
10
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GridPix detectors have
moved from Timepix to
Timepix3 ASICs.

The grid layout was improved
to have an active area in-
crease from 91.3 % to 97.7 % |
of pixel matrix. ik,

* Number of pixels: 256 x 256 pixels

* Pixel pitch: 55 x 55 um?2

* ENC: ~60 e

* Charge (ToT) and time (ToA) available for each hit
 Timing resolution: 1.56 ns for duration of ~410 ps
» Zero suppression on chip (sparse readout)

- Multi-hit capable (pixels sensitive after t__+475 ns)

Super-pixels store hits for some time
e Output rate up to 5.12 Gbps
* Power pulsing possible (800 ns for start up)

' J. Kaminski .
‘ Topical WS on FEE for gas detectors N 1 k h ef 11
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Pictures

Mag= 200X  Signal A= SE2 100 um StageatT= 0.2 Fraunhofer 1ZM Mag= 100X  Signal A=SE2 Stage at T= 50.0° Fraunhofer 1ZM
WD=105mm  EHT =10.00 kV —_ Chamber = 5.82¢-003 Pa WD=143mm  EHT=10.00kV Chamber = 5.22¢-004 Pa

A 4

{

Mag= 800X  Signal A= SE2 Stage at T= 50.0° Fraunhofer IZM
WD=143mm  EHT = 10.00 kv m—— Chamber = 4 85¢-004 Pa

Mag= 250X

WD =14.3 mm
J. Kaminski

; Topical WS on FEE for gas detectors 12
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Signal A = SE2
EHT =10.00 kV

StageatT= 50.0° Fraunhofer IZM
Chamber = 6.14e-004 Pa




Readout Electronics

For Timepix and Timepix3 there is quite a variety of readout electronics.

They differ in specific performance parameters and should be chosen according
to the envisioned application.

Here are some (certainly | have overlooked several):

Timepix:

- MUROS developed by Nikhef (deprecated?, relying on NI card)

- USB-device/FitPix developed by U. Prag,

- PRIAM developed by ESRF Grenoble

- DEMAS developed by IFEA Barcelona

- SRS developed by U. Bonn, open source, scalability to 160 ASICs proven

Timepix3:

- SPIDR developed by Nikhef: 2015 JINST 10 C12028 /2017 JINST 12 C02040
- USB 3.0 developed by Advacam: 2016 JINST 11 C12065

- Katherine developed by U.s. Prague: 2017 JINST 12 C11001

- SRS developed by U. Bonn: s. next slide.

" J. Kaminski
Topical WS on FEE for gas detectors 13
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Benefits of GridPixes

The main feature of GridPix is to be sensitive to single primary electrons
with a spatial resolution of down to 55 pm/sqrt(12) ~ 15.9 um.

Depending on the application this has many benefits, for example

1.) Tracking (TPC style):.
- Lower occupancy - easier track reconstruction
- Removal of d-rays and kink removal
- Improved dE/dx (4% seems possible, electron or cluster counting)
- No angular pad effect

2.) X-ray detection:
- high energy resolution (counting primary electrons)
- detection of photoelectron (X-ray polarimetry)

- low detection threshold (in principle 1 e, in practice 3 e - Ey: 25-75 eV)

3.) Neutron detection:
- good head/tail separation

" J. Kaminski
14
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ILD foresees a TPC as
central tracking detector:

Length: 2x 2.35m
Radius: 0.33-1.8m
B: 35T

§ ¢ § 8 ¢8

nnnnn

h \ 8 GridPixes

w00l enlarged B=1T
To readout the ILD-TPC  wl Ar:CF iButane
with GridPixes: LI 9532 -
~100-120 chips/module = ; e o
- 50000-60000 GridPixes 100

X [pixel]
" J. Kaminski
16
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Demoﬁﬁét‘ration of mass production: One LP-module covered completel with
GridPixes (96 — coverage 50%) and two partially covered modules.
In total 160 GridPixes covered an active area of 320 cm? (10M pixel detector).

The test beam was
a huge success: A
pixel TPC is realistic. |
During the test beam =
we collected ~10°
frames at a rate of

4.3-5.1 Hz.

J. Kaminski IEEE TNS 64 (2017) 1150

Topical WS on FEE for gas detectors 17
16.6.2021




Event Picture

TOSView

. |showevery [ 1th 2| frame

/home/testbeam/TOS_SRS_guad_EventDisplay/RunData/ForBarbarafrun_000143_data_000749_150404_04-05-03.txt

' J. Kaminski
Topical WS on FEE for gas detectors
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First Detectors with GridPix
based on Timepix

GridPix detector have g o4 TR B s00E E
moved from Timepix to =° T B St annm g e
TlmepIXB ASICs. Tests EEJO.%E—SCattering I_;_/ } _ 600- -
with single and quad £ °2 **"> e W
devices have been Y O smumiEm ] w0 ;
successfully done and oo’ 0 osrmm ] U0
pu blished. L R R R E-Zpoimnélmm]g 03563055 30564900 5000 5500 7600 5360

Truncated electrons [m™]

A first module with 32 GridPixes has been constructed and is being

tested in a test beam at DESY - including a test in a magnetic field.

The ion back flow of the module has been

measured and can be further reduced by

applying a double grid. Also the resistivity of
the protection layer will have to be reduced.

-

J. Kaminski
Topical WS on FEE for gas detectors
16.6.2021

NIM A908 (2018) 18-23
NIM A956 (2020) 163331
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X-ray Event

250 " T 12000
! "B=10000
200 — _
B - &
- -B88000 o
T 150 B 3
Q. i Ik "B 6000 .2
= § =l 2 0
> 1001 e - =5
i - 4000 &
l ] @)
S0r ~ 82000
0_...|...|....|....|....| 0
0 50 100 150 200 250

ixel
X [pixel Fe decay: 5.9 keV photo

- ~225 electrons

" J. Kaminski
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Some X-ray Lines

Electron Counting Charge Summation

800; | L B L I R B B T F T T3
700 = 2/ ndl 12783 | ] 600 E_ ﬁ{_c‘;‘if 21867102 _E
600 = e 500 [ 0 00|
R . 5 400 ¢ g wyne |
5 500 & :’g 0.05587 £000484 | S 400 = e 10'e] 1999504 E
S 400 & G = 300 | hiva apson] ]
o oK, 1165011 | - ]
S 20 - S 200 & =
200 = ! Titanigm K (4510 eV) ok -
100 = B . = - -
: . Titanium K (4932 eV - .
0—..‘& PO S R S B( ) O—JA ‘ L, S el i ]

50 100 150 200 250 300 350 0 200 400 600 800 1000

Number of pixels Charge [10° ]

1000 - T S 1600 £ T £
800 - ug 8.97964951_0.10752 = 1400 ;_ uf]::[lo3 el 1196.‘3‘2:;3?12 _;
2 C O, 2.77 £0.05 ] 81200 = ok, [10°¢] 8693+0.158 =
= = Ngu 104.1+5.2 - = - N, 2184 %145 3
o 600 — o2 4.816 +0.148 ] S 1000 £ o2 [10°e] 14734039 3
= L _ = = =
3 - ] o 800 & -
e Wi ‘; S 600d e
200 | Catbon K (277eV) 400 H -
0 Ll s o YT 7777777777777777777{77777777 1 Oxi*/gen Kq (525 eV) 208 ; fn e e e e e e _;

10 20 30 40 50 60 70 80 90 100 0 50 100 150 200 250

Number of pixels Charge [10° e]
" J. Kaminski
Topical WS on FEE for gas detectors NIMA 893 (2018) 26-34 22
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Energy Calibration

L e I L L N 3
300F- -
. . - . C 2 / ndf .8 ]
Pixel counting starts failing, if S ]
. . . 250— N : - _
diffusion is not large enough w F -
and more than 1 electron ends £ 200 g T E
upon a pixel. g 150 Pt E
Energy measurement based on & - - .
: : Z 100 = -
collected charge still works fine. - _ -
50— .’,.,r =
Carbon K event (277 eV) - | | | | | | o
. e 05 ""7000 2000 3000 4000 5000 6000 7000 8000

1801 |I3500 Energy [eV]
160i 3000 800—_X'1Q"|"'|"""'|"|"""""':
i B0 2 = %>/ ndf 9.654 /8 B
= 140[ E .- 700 mq [e/eV] 92,1 +1.188 E
£ | f C — 600E- E
= 120] Wisw & 5 o0 .
100 o000 S g 5005_ &1 E
- . & i 4 _—
80 — —{500 & 4002 ]
I P B B BN B '_":5300:— B —
20 40 60 80 100 120 140 0 o - a =
x [pixel] 200:— ) =
- ‘-’ —
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Energy Resolution

c 0.25r e
Qo i - ] . . .
5 L T essoaum | For CAST detailed studies with X-rays.
3 02 . 96/4-4pum . - o -
g ™% + L om.apm | electron counting = pixel counting
5 0.5 % sz ~ high diffusion necessary
R 991-4pm | Detailed study with variable
01 | f+++ ] X-ray source: NIMA 893 (2018) 26-34
2 WA ]
PR VST
:‘ | | | L |\| | | | L II‘ | : - - - [l -
e 10" e Single pixels show Polya distribution
Energy resolution of 5.9 keV photdtis of gas gain
in various Ar:iC H_ mixtures. ] ———— a
. o Charge per pixel for CuK, (8keV)d<1mm =
Energy resolution o_/E of down to 3.85 % " = f‘iz?ii‘;ﬁiﬁﬂii;‘?m oy 20007|
= S 60 ALK, (15keV) E’puwa ggozeéi%gl_g =
was reached. = - 2 208] 3
8 [T T T [T T T T[T T T T[T T T T[T T T T [TTT LI | 8 50i_ Fitted Polya distributions _i
el g 5 S AN VA G et o ]
% | | constant 1187+ 11 ] E 40;— ...... Al KZL((I.S ke\)f) - gm 1.9502914%0:2;1 —;
§1000:— n?ean 253.48+ 0.09 —: g 30; e 87.9 +0.4 —f
L | sigma 11.96+ 0.07 - = C -
800~ l @ 207‘_ AIK“(I-SI(;EQ.SﬂJ _;
so0]_F€ spectrum in Ar:iiC H  95:5 10f s =
4000 E N T ~T0000 5000 20000
i ] Charge per pixel [electrons]
200[ -]
i ﬂ ] J. Kaminski
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L ] 2507
r 200: 1000
L o
1w 1 _tso| _.;-.c-“-;.aa:-;.s:«%’-"# 800 5
El 8
>140:— ] % [ 600 E
L 1007
“t E i 400
" 6.9 keV photon © ¥ 11 keV photon 200
“[ in He:CO_90:10 7 [ in He:DME 80:20
= zlu = ‘WE‘IO‘ ‘ '12‘0‘ 2 ‘nlu‘ ‘ ‘u;n' B ‘2c|vo‘ 2w 00 . 50 o ‘100‘ ‘[ .‘ ;]150‘ o I200I o ‘250 0
X [pixel

* CAST type detector with 3 cm drift 50}
- Different He-based gas mixtures with CO, or DME ¢
« Test beam at PETRA Il (DESY) and KARA (KIT) &°
« Beam energies 4-11 keV 2 %0
* Track of photoelectron can be reconstructed £

Z 20

* Track follows E-field of polarization
* Beam is >95 % linearly polarized

1 x2/ndf=114.16 /121
0 Modulationsfaktor = (76.63 +- 1.45) %

— reconstructed polarization 76 % (sofar) Ampltuce = 45,05 155

Polarisationsebene = 0.00 +- 0.01

* Track reconstruction to be improved 0

angle in rad

" J. Kaminski
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TR Detector

®
60 W
e o
pee?

Radiator
gd arg = = -
particle =T
#
% ﬁ socg,
100j %;; 40%,
* The particle passes through the detector g
perpendicular to the grid. NIUTTIRNT———
* Free electrons will drift to the grid (Lorentz angle). ) o
* In the magnetic field the track is bent away (~1mm).
* The TR photons will convert at some depth in the = : % 5
drift volume of the detector, not being effected w. % o
before by the magnetic field. £ X o
« Gas mixtures Xe:CO _:CF, 80:10:10 and KriC H, 80:20 R "
" 4007
" J. Phys.: Conf. Ser. J. Kaminski o i

200,

. Topical WS on FEE for gas detectors Y A
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Boron
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anode

o Occupancy
=E of run

3005—

4] 200 400 800 800 1 DDOP el
(R S Projection

C | % ndf 105.3 /96

120— :-r:;:rgzde-u.m:; :50:;5013; alOng edge
joof_|y.Offsst __ s280 + 007
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40—

20—

D 5 ) J. Kaminski
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Topical WS on FEE for gas detectors

* 8 GridPixes based on Timepix used.
- Placed strip with *’B,C inclined across

the GridPixes at a distance of 3.8 cm
* Neutron sources with non-directional

beam

* Observed a and Li*" tracks
* Reconstruct head of track
— point of conversion
 Spatial resolution < 100 um

TOT

120 140 180 1R0
Fit line position [pixel]

Physica B: Condensed
Matter 551 (2018) 517-522

L ' L s
2 04 06 08 1

relative length

200 250
pixel

.. Track of a:
* Charge

* dE/dx

* Time of
arrival

12C
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Negative lon TPC

Z of - Meortycarer | . Minoriycarer | ]
E [ ]
5 o 7 4 +Gasat
I e 1 atmospheric
- e 1 pressure
4 ;:f'/,, 1 ¢ Both
K /ﬂ” Van  418m's 1 mgjority
2:_ J.f’ff/ Ev::iri[l 30{} V"rcm _: (Csz) and
Da}',' B T T T R R ';n mmorlty (Oz)
Drift distance [mm] .
carriers
E 04f— Transversediiusion o all detectedions ] 0bserved
EDBEE ------- Longitudinal diffusion of the majority carrier ion = Transverse
: N g 035 =N _
D_etect_or with 32 GridPixes based on £ oab +-—3 diffusion at
Timepix3 2 o5k 4 thermal limit
UV laser (337nm) used to generate tracks. © ozf PR 3 *Haveto
_ O S Ean 30viem 3 OptImize gas
Gas mixtures: . w2 3 mixture.
AriiC H :CS_93.6:5.0,:1.4 01 0 S
4 10 2 _ _ _ 0.05E D, 152pmncm_:
+ O, (650-1150 ppm) -minority carrier O s
+ TMPD (to enhance sensitivity to laser) Do etance [mm]

C. Ligtenberg, et al. ‘On the properties of a negative-ion TPC prototype with GridPix readout’

7. Kaminski Submitted to NIM
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Summary

GridPix gives a detailed, high resolution picture of of the event.

GridPixes based on Timepix can be operated reliably and in large
numbers (up to 160).

GridPixes based on Timepix3 are being tested at the moment. Operation
with an SRS-based readout system is starting.

Production of GridPixes will be transferred from Berlin to Bonn next year.
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