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Introduction to charge spreading
• Typical r.m.s. diameter of a Micromegas avalanche : 15 to 25 µm (dominated by 

diffusion in the amplification gap). This is much less than the pad width, typically 1-
10 mm.

• A track segment usually hits only 1 pad (unless sufficient diffusion in the drift space)

• This leads to w/12 resolution (870 µm for 3mm pads, 2.9 mm for 10mm pads!)

07/10/2020 Charge spreading in TPCs 2



Introduction to charge spreading
• Typical r.m.s. diameter of a Micromegas avalanche : 15 to 25 µm (dominated by 

diffusion in the amplification gap). This is much less than the pad width, typically 1-
10 mm.

• A track segment usually hits only 1 pad (unless sufficient diffusion in the drift space)

• This leads to w/12 resolution (870 µm for 3mm pads, 2.9 mm for 10mm pads!)

• Need to spread the charge to share the signals between several pads

• This can be done with a resistive-capacitive continuous network.

• This also helps in protecting against sparks07/10/2020 Charge spreading in TPCs 3
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SIMULATION

MEASUREMENT

One way of analysing the charge spreading (assumes infinite and thin resistive layer on top of a 
dielectric) is to consider it as a 2D resistive-capacitive network (2D analog of a transmission line)
obeying the 2D telegraphist equation.  

assuming rotation symmetry and →0 at r∞ boundary conditions .

Solution : 2D gaussian charge distribution with s = √(2𝑡/𝑅𝐶) .

Typical spread is given for t~peaking time of the electronics (200 ns)
The smaller RC, the larger the spread. Neighbouring pads see delayed and wider signals
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The avalanche is close to the DLC surface

Calculation of induced charge W. Riegler
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W. Riegler

Induced charge
Assume a charge appears on the DLC surface at t=0 at point xp , yp and calculate induced charge at point x0 , y0 at time t
The problem is similar to a critically damped membrane with fixed boundary on a rectangle. 

A full simulation is possible starting from this point charge solution, 
by adding :
Electron ionization
Avalanche creation, and its fluctuation
Ions going back to the mesh
In a quasistatic way
And convolute by electronics response
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See D. Janssens, WG4 on Monday



T2K pads ~3 times wider than ILC and RC~3 times smaller

Leading pad 1st neighbour 2nd neighbour 3rd neighbour

07/10/2020 8



S. Joshi
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S. Joshi
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S. Joshi

S. Joshi

07/10/2020 Charge spreading in TPCs 11



Charge spreading varies as 1/RC : minimize RC to spread more.

However the signal is proportional to the relative capacitive coupling to pad wrt mesh :
Qind = Q0 C1/(C1+C3). 

This factor is between 0.67 and 0.80 for 120 µm to 250 µm insulator.   

So there is a trade-off between spreading, sensitivity to small signals, and stability of 
operation if it is too close to the breakdown limit (this is not the case for ILC and T2K).
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ILC module

Electron beam track
taken at DESY

Drift : 5 cm
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T2K/ND280 module
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(See talk by C. Giganti on Friday)



Copper pad 35 µm

PCB

Cut of an ERAM detector O. Pizzirusso, 
R. De Oliveira

Mesh

Photo-imageable
film (for pillars)

DLC-coated kapton

Glue (prepreg)
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Resistive materials : surface resistivity

Materials : 
Ex: AlSi (Cermets), 
amorphous hydrogeneted silicon
carbon-loaded kapton
SixNy

Ruthenium oxyde 
Diamond-Like Carbon (DLC)

Thickness : 100 nm to few microns 
(even 50 µm for CLK)

R =  L/S

 :bulk resistivity
Metal : 10-6 - 10-5 W.cm
Insulator >1017 W.cmS

L

w

t
R =  L/wt
Flat layer: t small
Square L=w
Surface resistivity R= /t
Units : Ohm per square

We use 2.5 MW/ for ILC (3mm pads) and 200 kW/
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Measurement techniques

Cut a long band of resistive. Hold it both ends with
conductive tape on an insulating surface, measure the 

resistance and divide by the number of squares  L/w.

Circular probe 
(for example ETS model 803B)
Measure the resistance between 2 rings

Or cut a square of resistive film 
and measure the resistance
between 2 conductive lines

CERN 
probe
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What is DLC?

• Diamond-like Carbon

• Properties
• Electric : resistive
• Mechanical : hardness, anti-corrosion protection, solid lubricant

• Applications in MPGD
• Charge spreading anode: deposited on an insulating substrate makes a continuous

resistive-capacitive network, evenly spreading the charge, improving point resolution by 
allowing a barycenter between pads or strips

• Anti-spark protection (O(1 to 10 or 100) MW/). Needs several microns to get to low
enough resistivity for T2K (400 Kohm/sq)

• Other applications
• Fuel cell battery component 

sp3 bounds sp2 boundsAmorphous
with H, both
sp2 and sp3

Diamond GraphiteDLC
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Two fabrication techniques for DLC
• Sputtering : use an argon plasma to vaporize a graphite target

• BE-sput company in Kyoto (contact by Atsuhiko Ochi). Successfully produced
resistivity in the range 0.4-several 10 Mohm per square.

• Production also in USTC China (contact Yi Zhou)

• Plasma Assisted ion deposition : use a methane plasma in a high E field to 
deposit carbon on the substrate. Deposition rate 5-10 µ/hour. Need ~2 
microns for 400 Kohm/sq (T2K requirement)
• PAI company in Kyoto
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With the PIA technique, bulk resistivity below 10-2 W.cm 
requires temperatures in excess of 350 °C
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Different sparking behaviours of standard and resistive detector:

Standard SLHC2(@10KHz): Resistive R3(@wide beam,15KHz):
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SLHC2: HV=400 V (Gain ~3000):  current when sparking < 0.4 mA

voltage drop< 5%

R3:        HV=410 V (Gain ~3000):   current when sparking < 0.2 mA

voltage drop<2% 

S. Wu
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Resistive layers slow down the detector, as the charge remains
some time on the anode. They degrade slightly the rate capability. 

Simulation by J. Galan

D. Attié et al., JINST 
(2013), ‘A piggyback
Micromegas’

For 10 MW, there is a 
20% gain drop at 100 
kHz/cm2 
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RATE CAPABILITY



Cluster size distributions
evolution with amplification voltage

T2K MM1-DLC2 (75µm+50) 
Cosmics

S. Hassani

390 V, 400 ns

0  1  2   3  4  5   number of 
pads
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Pad Response function

2D distribution :
Charge fraction vs Xpad-Xtrack

Fit a parameterization to the profile, for instance:

Use the Pad Response Function to obtain the 
track postion in each padrow from the charge 
fraction

Re-fit the track and iterate
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Residuals of the fitted track (after iterations)

Take the geometrical mean between resolution including and excluding the hit in question to get an unbiased result
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Fit to the profile using the ratio of 2 4th order Polynomials

M. Lehureaux

T2K beam test data



Uniformity of the charge spreading
T. Ogawa
ILC

The PRF width is very
uniform : 1.6 to 1.7mm

s = sqrt(2t/RC)
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S. Hassani, S. Emery
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An RC map can be obtained from a fit to the 
waveforms (T2K)

The electronic response is fitted to the 
leading pad waveform, and RC is fitted to the 
convolution of the response by the expected
signal shape in the two neighbouring pads.
Note that both amplitude and time are 
sensitive to the track position (G. Collazuol).



Position resolution

Resolution at zero drift distance : 60 µm with 3mm pads.
Gain by a factor of 14 with respect to w/12  !

T. Ogawa, S. Ganjour,
ILC
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dE/dx measurement

5 % resolution for 1.2 m tracks

Scales as sqrt(track length)
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Track angle effect

T. Ogawa

Drift distance 50 mm

Pad height

Effective number of 
clusters per padrow
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Mitigation of distortions

The ERAM scheme allows the mesh to be at 
ground, while the resistive coating is at a 
positive high voltage. 
As the frames are necessarily grounded, this
provides a much better equipotential surface 
at the endplate level. 

As a consequence, distortions are suppressed
by an order of magnitude. 

This also brings a large flexibility as this
allows to have a module at a different
voltage, or even switched of, without
affecting the neighbours. 

ERAM

07/10/2020 Charge spreading in TPCs 33



Future

A Micromegas TPC with a resistive anode is one of the 
options of SAND (the DUNE near detector), surrounding a 
3D Scintillator Tracker and centered on the beam axis, in 
the KLOE magnet. 

Compared to T2K / ND280:
Higher momentum beam
and Hydrogen-rich target

(no Fermi motion smearing) 
-> better space resolution

and segmentation
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Conclusions

• The ERAM structure (Encapsulated Resistive Anode Micromegas) is a good 
way of improving
• resolution and cost-effectiveness

• detector stability

• distortion mitigation

• flexibility

• There are already several applications in progress of ERAM-equipped TPCs

07/10/2020 Charge spreading in TPCs 35


