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Some history on gaseous detectors

Geiger Tube 1908! 100 years ago!

Geiger-Muller tube: 1928
Proportional tube 1945

Spark Chambers
Multi Wire Proportional Chamber

1968 Charpak & Sauli
Drift Chambers, TPCs

Scintillators
Photographic emulsion




Essentials: - creation of electron-ion pairs by radiation, therefore
- free drifting electrons
- in strong (1/R) field near wire: gas amplification: avalanches

Fig. 49  Time development of an avalanche in a proportional counter®®).
primary electron proceeds towards the anode, in regions of imncreasi
hig! elds, ex

But: - wires can'’t be fixed closer than 1 mm pitch
- 'integrate’ in direction along wire

Bad granularity:
- occupancy problem
- bad spatial resolution -



Micro Strip Gas Counter

plan de dérive

anoé \ électrode arriére
cathode substrat
Wire chambers: granularity ~ I mm
MSGCs: granularity 200 um

Invented by A. Oed, 1988
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Drift plane
| Cathode (136 um)

Anode (10 pm) A

300 um glass substrate TEVTY rd e ' FL LT
(DESAG D263) : o '

Not often applied:




1996: F. Sauli: Gas Electron Multiplier (GEM)
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« High field created by Gas Gain Grids
» Most popular: GEM & Micromegas

PRINCIPLE & OPERATION

IONIZING
PARTICLE
I
1

|deally: each grid hole red out by a pad

Pad size ~ hole pitch !

VLSI pixel readout chip




The MediPix2 pixel CMOS chip

256 x 256 pixels
pixel: 55 x 55 ym?
per pixel: - preamp
- shaper
- 2 discr.
- Thresh. DAQ
- 14 bit counter

- enable counting

- stop counting

- readout image frame
- reset

CMOS pixel
read-out chip

X-ray
source

semiconductor
sensor chip

flip-chip
bump bonding .-
connections !’

single pixel
re.ra;gd-nﬂt cell

We apply the 'naked’ MediPix2 chip

without X-ray convertor!



April 2004 Micromegas-+ MediPix 2 NIKHEF/Saclay/Univ. Twente:

l 55Fe

Cathode (drift) plane
Drift space: 15 mm
Micromegas

Baseplate

MediPix2 pixel sensor
Brass spacer block
Printed circuit board

—
ndalfweek'.aforna’, TPC, RawData'Mar
s Image Tests Acquisitions Run 7

ch31'deltaray.mdf

Aluminum base plate
| d-ray! }
. J
| N He/Isobutane
MIPs o 80/20
Modified MediPix




i * Particles:

Tl Cosmics

ot

» Gas Mixture
He iC,H,, 80/20

* No trigger

& R Time & luck
e ) )



Wafer post-processing:InGrid

Silicon
wafer

HV biasing

InGrid: an Integrated Grid on Si (wafers or chips)

 perfect alignment of grid holes and pixel pads

« small pillars &, hidden pillars, full pixel area coverage

« Sub-micron precision: homogeneity

» Monolithic readout device: integrated electron amplifier
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A “scratch” occurred during the construction of Ingrid;

Loose parts removed. Ingrid working!






cathode @ - 1500 V

10 mm

e |::|:|:||IJr|'|r| F|IJF|'||ZIE=T':'

1100 1250 1325 1400

Stable operation in He iC4H10



Cosmic rays in Argon
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GOSSIP-Brico: PSI-46 (CMS Pixel FE chip)

First prototype of GO king:

* 1.2 mm drift gc
» 6rid signal us
« 30 um layer c



wwg

We can see tracks!

(Frame # 17 is really great)
7.8mm

& 5 18 15 28 25 34 35 48 45

Animated GIF of 100 hits on the PSI46 brico, 30um SiProt.
(if this does not animate, drop the picture into a web browser)



- it is light

- primary electror

- low sensi
- O-rays can k

- [high ion & ele

aterial: gas ver

gadout system should be sp@
and must be understg




- no radiation damage in sensor: gas is exchanged
- modest pixel (analog) input circuitry: low power, little space
- no bias current: simple input circuit
- CMOS pixel chip main task: data storage & communication (rad hard)
- low detector material budget: 0.06 % radiation length/layer
typical: Si foil. New mechanical concepts
- low power dissipation : little FE power (2 pW/pixel); no bias dissipation
- operates at room temperature (but other temperatures are OK)
- less sensitive for neutron and X-ray background
- 3D track info per /ayer if drift time is measured
- gas is cheap (and very cheap wrt. Si sensors!), and light

- Gaseous chamber: discharges (sparks): destroy CMOS chip
- gas-filled proportional chamber: ‘chamber ageing’
- Needs gas flow



‘ high-resistivity layer

pixel chip

. |/ Un-coated
~_anode

SiProt protection against:

* hot spark plasma

 Too large charge in pixel circuitry [principle of RPCs] .3 um  anode
* local reduction of E-field: quenching I
 widening discharge funnel: signal dilution
* increased distance of ‘influention’

SiProt: a low T deposited hydrogenated amorphous silicon (aSi:H) layer

Up to 50 uym thick films, ~10'" Q.cm



Final assessment: spark-proofness

— Thorium decays to Radon 222 which emits
— Depose on average 2.5.10° & 2.7.10° e- in Ar/iC,H,,80/20
at -420 V on the grid, likely to trigger discharges
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G,'Frame Browser Preview

File  Options  Wiew Service Frames

For the 1st time: image of
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recorded
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all signals on timepix
I I

no. of hits

] |
0.2 0.3
charge [nC]

Discharge signals on grid directly measured on scope




proportional signals on timepix discharges on timepix

proportional signal _
from alfas discharges
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charge [nC] charge [nC]

- CMOS chips are no longer destroyed
- discharges in gas proportional chambers are hard to exclude

- SiProt makes chips spark proof



JuIy 2008: protection layer made of Si3N4 (Silicon Nitride), only 7 ym thick
3 SiH, + 4 NH, & 3 Si;N, + 6 H,

Silicon Nitride is often applied as passivation layer:
top finish of chips.

With overdose of SiH,:conductivity: high resistively bulk material

Favoured material for bearings in turbo chargers, jet engines

The application of SiNProt and InGrid on CMOS chip is likely
to become a standard, low cost procedure by industry

[



Bulk high-resistivity materials

hydregenated amorphous silicon

Si rich silicon nitride (SizN,)
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1 chamber ageing

Ageing 2 material damage
3 CMOS chip damage

Radiation damage of CMOS pixel chip is relevant
- common for all tracking detectors
- believed to widthstand ATLAS Upgrade Dose in 90 nm technology

Radiation damage of sensor:
not relevant for Gossip sensor since this is gas being exchanged

Typical for gaseous detectors: the deposit of an (insulating) polymer
on the electrodes of a detector. Decrease of signal amplitude

- little primary ionisation (~ 10 e-/track)

- low gas gain (500 — 1000)

- large anode surface (compare pixel anode plane with surface of thin wire)
- E-field at flat anode ~3 lower than E-field at anode wire



Obtained so far for GEM and Micromeqgas

ot

75 10 125 15
Integrated Chorge (C/cm?)

Normalized Gain (u.a.)

M. Alfonsi et al,
Nucl. Instr. and Meth. A518(2004)106

Gossip ageing using mips from *’Sr source Sossip 23

Fluence (mips/cm?) Nov 28
ArliCg4H10 70/30
2e+15 3e+15 particle flux: 1.6 GHz

switch from
Vgrid = -635 to -640 V

Mlicromegas
(Nikhef measurerment)

5 10 _. 15
Time (days)

0 2 4 6 8 10 12
Clcm?




Normalized unit

Micromegas ageing

- Mesh current

David Attié, MPGD workshop CERN Sept. 2007

Time (d)



Loss of gain: rapid

. . 0.3 C/cm?
Rapid ageing is generally caused by <€ Cic >
; ; : : 90
the formation of a polymer on the Gossip ageing ustng mips from S souree
2e+13 4e+13 6e+13

anode surface

Catalysed by pollutants ' [

June 4, 2008
DME/CO3 59/41
Particle flux: 2.206 GHz

— mC/cm range for wires/strips

— May be removed by etchants

* CF4, 02, Hzo , , , 03
Time (days)
Possible polymer reaction | | " charge (Gem®
— C2H4 — ZCHZ
. . . w Ay The most reactive fragment
— CH,: extremely reactive radical, R is assumed to be CH,;:

can easily build polymer chains

— Studied by plasma physicists




Example of rapid ageing: MSGC

Gas: DME/CO2 60/40
Low dose applied (0.5 mC/cm)

Result: anode strip covered by a : '
thick transparent wax-like layer

— (Scratch made on purpose for '*@"ih'———e—

better visibility)
=> big decrease in gas gain




Wire chamber: 1/R MSGC: dipole
amplification field amplification field
Bl Very high field at
cathode edge

Il

R
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GEM: amplification field across ~ 25 pm (high
at the edges of the hole)
Anode NOT close to avalanche

Micromegas: homogeneous
amplification field across 50 um




Dependence on detector technology

Field strength (E) along the central drift path (X) to the anode
for three different electrode geometries

Polymerisation will be mainly at the end of
the avalanche where the electron density is
highest

— A few ym away from the anode
— Exception: GEM
Key issue
— What is the field at the anode surface?

— High field => high avalanche
temperature

— =>more dissociation organic
molecules

Gain-charge clean-fibreglass bis

— => more sensitive to ageing

C.'lc:mj box

e——

Relative Gain

How big is the anode surface near
avalanche?

— MSGC: very small (edge of anode
strip)

— Wire chamber: quite small

50
Charge (3#Clem)

— Micromegas: large

Y uad W, Y P S . . . R of

R. Bouclier et al, Nucl. Instrum. Methods A 381 (1996) 289




Linear fit
I=1°+at
a=-0.5932
=>a/I’=0.0183

X ray irradiation at PANalytical (detail)

| av current = 5.9 pA
cath => total charge deposited
— 1/xfit = 5.9*3600*24*4
=255C
surface 0.49 cm?
=> 5.2 Clem®
assume: drift distance 1 mm
Ar/CH4 having 9e /mm
=> 1 mip = 9*1000*1.6*10™"°
=1.4410"°C
deposited charge corresponds to
3.6 10" mips/cm?®

3.6x10"° mips/cm’@ gain = 1000

gas: standard Ar/Methane 90/10. Deposit containing C found on anode




Irradiation with 8 keV X-rays:

No up to anode curren
density of 0.2 pA/ mm2

=> very fast track co

After 0.3 Coulo

> (eq. 3.7 x 101

deposit of carbc
is clearly visible.
clean (1?)

Little deposit on cathc



5 zBq 905r source
| /

drift cathods
Micromegas
Dummy ROC \

T ]

centre electrode /

L\\\\

set up ageing test




Gossip ageing using mips from *°Sr source Gossip 23

Nov 28

Fluence (mips/cm?) ATHC,H,, 70130
Particle flux: 1.6 GHz

1e+15 2e+15

switch from
Vgrid = -635 to -640 VV

little ageing in Argon/Isobutane
But: HV breakdown after 3 x 1075 M

I I

10 15
Time (days)




Interesting example of wire chamber ageing:
Production of LHCB straw tracker

Tracker from boxes filled with straws (Ar/CO, 70/30)

Uniformity of response automatically scanned with a °°Sr source across the full
surface

Radhard test during production
— Scan
— Single point irradiation with a 2 mCi °°Sr source (20 h)
« accumulated charge 2.8 mC/cm (peak value)
— Verification scan

[+1]
[=]

B
[=]

Measured cuprent quer wite (nAL
o o o N
[=] o o

1=y
Qo

Ref:, Ageing in the LHCb Outer
Tracker

Niels Tuning (Nikhef)

IEEE NSS (N48-3) Nov. 1, 2007

N
[=]



Result

* At accumulated
charge 2.8 mC/cm
(peak value)

= 800 50 50 1D e e I
WARUNANGOY ~NW

390 400
Position (cm)

Strong unexpected
ageing effect |
No ageing downstream [ SEECIAEGER

accumulted charge[C]



Up to now not a single compound is known to cause ageing

New approach: a non-ageing, but ageing-sensitive set up:

high prim. current

A 4

]

+ UV light source

A

(heated) container
for suspect matterial

|s radiation creating radicals?

Is SiH, an ageing causing compound?
Is SiO2 causing ageing

Any hydro-carbon with Si replacing C?

Is this magic or science?
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- s qual ItA LUUIIVCOI OIVIIO OCUI Uy
GridPix
‘The digital TPC’

After large drift distance,

primary e- separate and
can be counted

|_frame_raw |
Raw frame Entries 166

Meanx 1104

Meany 98.27
RMS x 23.43
RMSy 24.44

TimePix chip



“Fe quanta conversions seen by GridPix

Photo-peak

Escape (photo-e and 2 conversions
peak (only Auger-e)

photo-€e) 3 conversions

Spectrum of cluster of electrons

hspec_clus_p |
Entries 6411
Mean 270.2
RMS 147.5

W M

4 L g, U ML Dl M oL A
100 200 300 400 500 600 700 800 900 1000
Number of cluster

Look at the escape peak only (smallest number of primary electrons)

TimePix chip



Measurements of W and F

What is measured is the
and variance of the n
detected electrons (I

.
.

» Yo

.0

Correction for limit
and detection effi
N,and V,

W =E, /N,
F=V, /N,

C
sho

TimePix chip



Detection efficiency

_ N
0.5
0

Exponential fluctuations:

Polya-like fluctuations:
parameter m=1/b ~ 2
with Vb the relative rms

Detection efficiency will be
determined by fitting k(g) to
(Ng:Vgriq) data points




&

m hole diameter

Detectors

b —

Two measurement periods

Timepix chip # 1:
Standard InGrid >

Low event Sk T Ty 11 22 SEI

: btatisti};@

Increased event
statistics
New GEMGrid structure

Chamber geometry:
10 cm field cage
Guard electrode surrounding the chip

(inside chamber)




Measured spectra at -330 V

* Timepix #1 Timepix #2

entries

hnd hnd

Entries 1012 Entries 8161

Mean 97.01 Mean 90.27

EMSE 12.38 RMS 8

entries
IIII|IIII|IIII|IIII|IIII|III

Onnﬂul‘ln|||| L1 ] I-II'|'II‘HIJ-II‘I-”-LII'HJ 0|L|_r-L [ R TR TR I = oy

40 &0 80 100 120 140 160 40 60 a0 100 120 140 160
number of detected electrons number of detected electrons

5.9 and 6.5 keV escape events 9.9 and 6.5 keV escape events
(event ratio ~ 7:1) (event ratio ~ 50:1)



Peak position and grid voltage

Asymptotic value of N, gives the number of collected electrons N,

Polya fit works very well where exponential one (not shown) fails!

=
=
[

=
[
[an]

W
o

number of detected electrons

N

po

115.1

pl 2.297=+04

p2

0.032445

300 310 320

Vor

330
o 0

340

350

number of detected electrons

j=18

P2

pl 2.817=+04

102.3

0.03308

310 315 320 325 330 335 340 345

Vv,

grid {‘I)

» Compatible with the smaller hole diameter of InGrid #2

 Contribution from collection efficiency to peak width now known




W and F in Ar/iso 95/5 at 2.9 keV

Assume full collection efficiency of detector #1 Extrapolation to 5.9
N,=N_,=115%2e- keV photo-peak
y straightforward
> | W=2524£058eV MEE0 ® 4 o

Peak width measured with detector #2 corrected IR DIE with literature

for detection and collection eff. (87 %)
RMS(N,) ~ 4.3 %

W=25.0+0.6eV
F=0.250 £ 0.010

Ar/iso 20/80 — 1253 eV X-

> | F=021%006 ays

from Pansky. et al.
J. Appl. Phys. 79 (1996) 8892




GOSSIPO-1:

test of preamp-shaper-discriminator for

GOSSIP

‘MultiProjectWafer' in 0.13 um technology

Input pad I'ﬂ
|

LM

I 1

L

Substrate

Very low (parasitic) capacitance
at the input (C_ . — 10fF).

par

Coaxial-like layout of the input
interconnection.



/ Guard rings \

Digital N-type Analog P-type Analog N-type
FET area FET area FET area




- match extreme small source capacity: 15 fF

- peaking time: 40 ns
- noise (expected: 60 e- input eq.)
- power: 2 uW/pixel (1)

|10G

\H H‘

|
|‘¥

’”"l " i ‘ ! 'mw I
Ul |Il |

H \n }l (

| H, i m L

1—»

M H_

FDDHH 7 [WDD il

GOSSIPO chip
Submitted December 2005.

- Input noise eq. reached
- No effect of digital switching
within pixel

MultiProject Wafer:

Vladimir Gromov/NIKHEF

& CERN Micro-electronics group



GOSSIPO-2

test of preamp-shaper-discriminator

+

700 MHz TDC per pixel

* 0.13 ym technology

» containing 16 x 16 pixels

» Submission Nov 2006

» Can be used for GOSSIP demol!



TimePix-2

Medipix-1
Medipix-2

TimePix

250 nm technology

Medipix-3

TimePix-2

13

D nm technology

Gossipo-2 MPW

600 MHz osc
in each pixel

Low-noise, -
low power analog -
input f

¥
'u_.n

TimePix-2:

- TDC per pixel: 0 =1 ns

- ‘ADC’ per pixel: TimeOverThreshold
- noise: 80 e- eq.

- discharge protection circuit

- fast (trigger enabled) readout

Essentially ALL info on primary electrons in gas is extracted!






Construction of many test chambers
prototypes
Next-1,2,3,4,5
Next Quad

Next-64 (ReNexed, RelLaXd)
DICE

Ageing Chambers




Next-64 / ReLaXd / ReNexd

CO, cooling!




DICE




Reactor
Institute
Delft
RID

r
al conversion






rive within 20 ns




GridPix/Gossip for

ATLAS SCT Upgr'ade insulators in strong E- fields..........

ILC the frustration of innovation...........

CLIGE

Harry van der Graaf
Nikhef, Amsterdam

IEEE-NSS Conference
MPGD-Si Detector Workshop
Dresden, Oct 18, 2008

30 years from now



Upgraded SCT: Gossip could replace:

- Pixel vertex detector: Gossip
- Si Strip detectors: replace by Gossip Strixel detectors
- TRT: use Gossip as tracker/TR X-ray detector

Essentials:

- power dissipation: 60 m\W/cm?
- intrinsic mass: 0.1 % radiation length
- low cost: 10 $ / cm?






ATLAS pixel: basic element

! ex Hybrid
/T

bumps ....OOO#

Flex module 2.x



Gossip in ATLAS (

TimePix-2 c
SiNProt layer
INGrid (SizN,)
casted aluminium Gas Cover
power line

‘Road’: C-fibre reinforced databus + aux servic

StainlessSteel tube
for CO, cooling

Stiff, light

triangle




GOAT: ssip in  las

Gossip readout

|

detector unit _

@60mm Beampipe

P-string conductor

(+voltage) :

(+voltage)






Upgraded SCT: Gossip/GridPix could replace:

- Pixel vertex detector: Gossip
- Si Strip detectors: replace by Gossip Strixel detectors
- TRT: use GridPix as tracker/TR X-ray detector

/ulllll

Pl

strixels/strips

preamp channels

\ 4

~ 20 mm

Essentials:

- power dissipation: 1/16 x 60 mW/cm? = 4 m\W/cm?

- intrinsic mass: 0.1 % radiation length

- low cost: 10 $ / cm?



Upgraded Tracker: Gossip could replace:

- Pixel vertex detector: Gossip
- Si Strip detectors: replace by Gossip Strixel detectors
- TRT: use Gossip with 17 mm Xe layer

as tracker/TR X-ray detector

Essential:

- high position-resolution tracker
- low mass, low cost detector

- Efficient TRD possible



ns, 1 — 15 GeV/c

co Carballo




Samples pions (left) and electrons (right)
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4 layer Gossip Strixel
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The future:

Electron Emission Foil

MEMS made MicroChannelPlates: 200 ps time resolution: CLIC

electron emission foil electron emission foil

A A

CMOS pixel chip CMOS pixel chip

_ replace gas by vacuum
electron avalanche in gas Micro Channel Plate

EE-Foil replaces InGrid sub-ns time resolution
Parallel Plate Chamber Note CLIC experiments



New: use Secondary Electron E
SEE foil is the cathode of

- low work function (Csl
- surface treatment: nanotu
- Extracting electric field



Now wires are eliminated from gaseous detectors (‘wire chambers’)

Replace InGrid by Micro Channel Plate (wafer post processing tech.)

, /
o HHHHHHHHHHHHHHHHHHHHHWHHHHHHHHH l

Gasless track detector

Apply ‘secondary electron emission’ foil




@ sLHC!
Juired

photodiode



SHREVEE

asures track segment



projected track length
leasure for momentum:

ble (LVL1)
5t (mass, power)
ift gap ~20 mm

> nm tech?

LVL1 trigger from inne



* Gossip has shown to work with the PSI-46 CMS Pixel FE chip
« With a 20 um SiProt layer, CMOS chips are spark proof
« Si;N, is a promising material for protection & InGrid

Next steps:

« Mass production (by industry) of (SiNitride) InGrid, SiNProt
« Build from (TimePix, PSI-46) + SiProt + InGrid
— Many more small chambers

— Demo ‘beam telescope’: testbeam work
— ATLAS Pixel Staves

« Gas ageing studies: testing Si containing compounds (SiO,, SiH,, SiC H )

« In framework of CERN R&D project RD51 (kick-off Worshop @ Nikhef April
2008)

— Simulations
— Development of general purpose GridPix chip TimePix-2
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