
Some thoughts about DESY testbeam puzzle “Low ToT 
values”
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From thesis Kees: 

• Fig. 4.6: mean ToT as function of –Vgrid
• ToT = 20  <--> ToT =0.500 us
• For T2K gas reached at Vgrid = 310 V (with quite some spread for 4 chips)

• Fig. 4.5: ToT as function of input charge for ONE chip
• This should be measured/compared also for the (32) chips on the 8Quad 

system (maybe done already?)
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From Fred’s plot of efficiency and gain as 
function of ToT (but measured for Ar/iC4H10  82/18)

• ToT = 20: gain = 1000        eff. ~ 66%
• ToT = 30: gain = 1600        eff. ~ 84%
• ToT = 40: gain = 2300        eff. ~ 90%
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Chip layout and wafer map of TPX3 chips in 
8Quad system
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Low ToT values for chips 28-31  (chips 12-15 of Wafer 23
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Timepix3 Manual v2.0 
 

January 21, 2016    70 

6 Timepix3 wafer step plan 
One 200mm Timepix3 wafer contains 105 good chips. The arrangement of the chips in the wafer can 
be seen in Figure 57 . Note than when the notch is down and the chip origin is placed at the bottom 
left of the reticle.  

Figure 58 shows the chip identification decoding from the 32-bit Efuse register (see 4.2.5.1.2). 
 

 
Figure 57. Timepix3 wafer step plan 

 
 
 

 

Figure 58. Timepix3 chip identification arrangement 
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Chip layout and wafer map of TPX3 chips in 8Quad system

• Only 2 chips at border of wafer: chip 3 and chip 18 (both wafer 30)
• Chips 10 and 19 (also wafer 30) are rather close to border
• All other chips of both wafers are located quite centrally on wafers 23 

and 30
• My conclusion: lower ToT for chips 28-31 (wafer 23) not due to higher 

GridPix pillars

• To do (if not done yet):
1. ToT calibration for all 32 chips
2. ToA calibration (as also described in Kees’ thesis, section 6.4.2)
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From Y.Giomataris, NIM A419 (1998)239
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Fig. 1. Micromegas electric field map.

2. Detector description

A detailed description of Micromegas is given in
Ref. [1]. Our tests were performed with 15!15 cm!
chambers with a conversion gap of 3mm, an ampli-
fication gap of 100!m or 50!m and a strip pitch of
317.5!m with a spacing of 70!m. The parallelism
between the micromesh grid and the anode is main-
tained by spacers of 150!m diameter, every 2mm.
They are printed on a thin epoxy substrate by
conventional lithography of a photoresistive film.
This is a very cheap and easy process. The standard
height of the spacers is 100!m or 50!m, but other
spacings are possible. A thin Kapton foil can be
used instead of epoxy as the substrate in order to
reduce matter thickness. By using a thin Kapton
foil as the strip substrate the total material will not
exceed 10% that of a typical silicon strip detector.
Developments in this way have already started.

3. Electric field

The knowledge of the shape of the field lines
close to the micromesh is a fundamental issue for
the operation of our detector, and especially for the
e!ciency of the passage of electrons through
the micromesh, as well as, for the fast evacuation of
the positive-ion build-up. The electric field is homo-
geneous inside both the conversion and the amplifi-
cation gap. It only exhibits a funnel-like shape very
close to the openings of the microgrid: field lines are
compressed towards the middle of the openings
into a small diameter of the order of a few microns,
depending on the electric field ratio between the
two gaps. All the electrons liberated in the conver-
sion gap by the ionizing radiation are focused into
the multiplication gap. Fig. 1 displays details of
equipotentials near the grid used in the present
tests (50!m opening pitch). The ratio between the
electric field in the amplification gap and that in the
conversion gap can be tuned to large values, as is
required for an optimal functioning of the device;
under the action of the high electric field, the ion
cloud is quickly collected on the micromesh and
only a small part of it, inversely proportional to the
electric field ratio, escapes to the conversion gap.

4. The narrow gap approach

An interesting property of Micromegas is that,
thanks to its narrow gap, small variations of the
amplification gap, due to mechanical defects, are
compensated by an inverse variation of the amplifi-
cation factor. Indeed, for amplification gaps below
100!m, used for Micromegas, there is a value
which is optimal for operation of parallel plate
detectors, resulting in a rather large dynamic range
for the amplification before breakdown. This be-
haviour can be explained by the following theory:

The electron multiplication (M) in the uniform
electric field between two parallel plates in a gas at
a pressure p, is described by

M"e"!, (1)

where d is the gap of the two parallel electrodes and
a is the Townsend coe!cient, which represents the
mean free path of the electron between two ioniz-
ations. A good approximation of this coe!cient is
given by Rose and Kor" formula

!"pAe""##$, (2)

where E is the electric field and A,B are parameters
depending on the gas mixture. At high electric field
values the Townsend coe!cient saturates because

240 Y. Giomataris/Nucl. Instr. and Meth. in Phys. Res. A 419 (1998) 239—250

Fig. 2. Expected gain as a function of the amplification gap at various potentials.

its value approaches the mean free path given by
the inelastic collision cross section, which is con-
stant. The electric field is E"»/d where » is the
applied voltage. By substituting Eq. (2) into Eq. (1)
we found

M"e!!"#!"!""#, (3)

the multiplication factor M is a function of the
quantity pd. Fig. 2 shows M as a function of the
gap (d) for a typical mixture of Ar#5% DME, for
»"300, 350 and 400V and a constant pressure
p"1 bar. As we can see M rises when d increases, it
reaches a maximum and then falls for higher values
of d. The maximum value is obtained by di!erenti-
ation of the previous equation giving

!M
M

""d!1!Bd
» " !d

d
(4)

the maximum value is for d"»/B at p"1 bar.
With that gap, which is of the order of 30—100!m
the multiplication factor is maximum for a given
applied potential. It varies a little bit with » and the
nature of the gas mixture. The conclusion is that in

that range of values of the gap currently used by
Micromegas detectors, the multiplication factor is
maximized and fluctuations due to defects of flat-
ness of the two parallel electrodes are cancelled. In
few words, such narrow gaps are ideal for an opti-
mal operation of parallel plate gaseous detectors,
since all fluctuations due to mechanical defects,
atmospheric pressure or temperature variations are
suppressed.

It is quite di"cult to verify experimentally the
previous calculation, a large variety of very narrow
gaps are needed. We will point out that this has
been verified for two gaps (d"100 and 50!m) and
further work is needed to complete this study.
What was easier to verify is the variation of M with
pressure, which is expected to be equivalent to the
gap variation. Fig. 3 shows the multiplication fac-
tor obtained from our measurements as a function
of the pressure for argon#7% cyclohexane at
»"270V and for a gap of 50!m. As is expected
there is maximum of the multiplication factor at
p"500mbar. Note that the optimal operation of
a conventional parallel plate avalanche chamber
(d"4mm) is at pressures of the order of 10mbars.

Y. Giomataris/Nucl. Instr. and Meth. in Phys. Res. A 419 (1998) 239—252 241

I. INVITED TALKS



Max Chefdeville’s thesis, page 116
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116 Chapter 6. Amplification properties of InGrid detectors
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Figure 6.12: Peak position, corrected for hole diameter variations, at a grid voltage
of -390 V for three gap sizes. The data point at 57 µm is used as reference and is not
corrected for diameter variations.

6.5.3 Discussion

Simulation results tend to show that the optimum gap size depends mainly on
the carrier gas [205] and hence our finding should be applicable to other Ar-based
mixtures. In any case, this study could easily be repeated in other mixtures and
with an improved precision if more prototypes of di!erent gaps are available.

In view of a large pixel readout TPC, a few tens of thousand chips should be
equipped with a SiProt and an InGrid. If each InGrid should be independently
biased the number of power supplies will be unrealistically large (much larger
than in a wire-based or Micromegas-based TPC). It will therefore be necessary to
put several grids (of slightly di!erent gaps) in parallel. In such a case, the gain
compensation e!ect will help maintaining a uniform detection e"ciency across
the endplate.

6.6 Energy resolution

6.6.1 Definition

The energy resolution is a measure of how precisely the energy of a radiation
stopped in the detector can be determined. Ideally, for a given amount of energy
deposited in the gas, the final pulse height read out from the detector would be a
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3.2. Charge transport in gas 39

velocity is then given by

vdrift = q
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where q is the transported particle’s charge, m is its mass, Ê = qB

m
is the cyclotron1086

frequency, and B is the strength of the magnetic field. The average time between
collisions · is inversely proportional to the friction. A magnetic field B in a TPC is1088

ordinarily parallel to the electric field E, in which case Equation (3.5) reduces to

vdrift = µE = qE

m
·, (3.6)

where vdrift is the drift velocity in the direction of the electric field and µ is known as1090

the mobility.
The average time between collisions · can be expressed as1092

1
·

= N‡(‘)vinstant(‘), (3.7)

where N is the gas density, ‡ the cross section and vinstant the instantaneous velocity of
the particle. In general vinstant and ‡ depend on the particle energy ‘. The energy is a1094

combination of thermal energy and energy gained from the acceleration in the electric
field. The thermal contribution is ‘thermal = (3/2)kBT , where kB is the Boltzmann1096

constant and T is the temperature.
At this point we distinguish hot and cold gases for the transport of electrons in a1098

TPC. In a cold gas the energy an electron acquires from the electric field is low and
the energy of the electron is mostly thermal. This means that the drift velocity is1100

much smaller than the instantaneous velocity, so the mobility has a weak dependence
on the electric field strength. Molecular gases are usually cold gases, because the1102

electrons constantly lose energy through interactions with the vibrational modes of
the molecules.1104

In a TPC with a hot gas, the electrons have a higher drift velocity, which is
not negligible compared to the instantaneous velocity. This makes the drift velocity1106

depend non-trivially on the electric field. An example of these are the noble gases.
In particular, argon has a minimum in the elastic scattering cross section at an1108

electron energy of around 0.2 eV. This is known as the Ramsauer minimum [139]. It
is the result of a quantum mechanical scattering e�ect analogous to the scattering1110

of a wave on a square potential well, which has a minimum when the wavelength is
similar to the width of the well. As a result, in argon the drift velocity will be larger1112

when the electrons have an energy around this minimum.
Ionisation creates electrons and ions in pairs. The ions created in the drift volume1114
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40 Chapter 3. Gaseous detector physics and the TPC

are called primary ions1. For the typical electric fields of a few hundred V/cm the ion
energy is mainly thermal energy, and their drift can be described by Equation (3.6)1116

with a constant mobility. In comparison to the electrons, the ions drift relatively slow
at a velocity of a few m/s. At a collider, ions from many subsequent bunch crossings1118

can accumulate in the drift volume and the resulting electric field can distort the drift
of the electrons.1120

3.2.2 Di�usion
The drifting particles scatter randomly on the gas molecules and atoms and spread
out in space. This process, called di�usion, depends on the gas and the drift field.
The di�usion brings about a Gaussian spread ‡T independently in both of the two
transverse directions, and a Gaussian spread ‡L in the longitudinal direction after
some time t. Since the spread is a consequence of a large number of scatters, it devel-
ops proportional to

Ô
t. For applications in drift chambers, the di�usion is expressed

using the drift length ¸ = vdriftt instead of time. The di�usion is characterised by the
transverse and longitudinal di�usion coe�cients:

DT = ‡T /

Ô

¸ and DL = ‡L/

Ô

¸. (3.8)

A magnetic field parallel to the electric field reduces the transverse di�usion by a1122

factor 1/
Ô

1 + Ê2·2 [140].
If the particle has only thermal energy the di�usion coe�cient is given by [141, 142]1124

Dthermal =

Û
2kBT

qE
. (3.9)

The thermal di�usion coe�cient can be seen as a lower limit that applies both to
drifting electrons and ions in transverse and longitudinal direction, and does not1126

depend on the gas composition. For example at room temperature T = 294 K and a
drift field of 300 V/cm, the thermal di�usion coe�cient is 130µm/

Ô
cm.1128

3.3 The amplification of charge
Before being detected, the ionisation electrons in a TPC usually require amplification1130

in an amplification region of the gas volume. In this region, a large electric field
accelerates the electron to an energy above the ionisation potential. The ionisation1132

electrons produced by this electron will also be accelerated, causing an exponential

1even those from secondary ionisation

DT(B)/DT(B=0) =

DT(B=1T)/DT(B=0) ~ 70/300 ~ 1/4.3

⍵τ  ~  4.2    

At B = 4T, ⍵τ  ~ 10                 


