
Gridpix TPC readout (Kees Ligtenberg)

Readout technologies for ILD TPC

Pads with GEMs or Micromegas for 
amplification → Detect charge spread

Pixels readout with integrated aligned 
amplification grid  (Gridpix)
→ detect each single electron
Maximal possible information from track
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Abstract

A Gridpix readout for a TPC based on the Timepix3 chip is developed for future applications at a linear collider. The
Gridpix detector consists of a gaseous drift volume read-out by a single Timepix3 chip with an integrated amplification
grid. Its performance is studied in a test beam with 2.5 GeV electrons. The Gridpix detector detects single ionization
electrons with high e�ciency. The Timepix3 chip allowed for high sample rates and time walk corrections. Di↵usion is
found to be the dominating error in the pixel plane and in the drift direction, and systematic distortions in the pixel
plane are below 10µm. Using a truncated sum, an energy loss dE/dx resolution of 4.1% is found.
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1. Introduction

In the context of a Time Projection Chamber for a fu-
ture linear collider a gaseous pixel detector is developed
based on the Timepix3 chip. The Gridpix single chip
detector discussed here, allows for a detection of single5

electrons with a granularity of 256⇥ 256 pixels of size
55µm⇥ 55µm. By counting the number of single elec-
trons, the number of clusters can be estimated allowing
for a precise measurement of the energy loss dE/dx.

Since the invention of the device [1, 2], a series of de-10

velopments have taken place that culminated in Gridpix
detectors using the Timepix1 chip [3]. In this paper the
results using a Timepix3 chip will be described. In the
design of the detector special attention has been given to
minimize the distortions in the pixel and drift plane in or-15

der to meet the tracking precision needed for a TPC at a
linear collider. The device can also be applied for medi-
cal imaging, proton radiotherapy or used in other particle
physics experiments [4]. Here testbeam results taken at
the ELSA facility in Bonn will be presented. Some results20

using this device in a laser setup were presented at TIPP17
[5].

2. Description of the Gridpix device

A Gridpix is a CMOS pixel readout chip for a gaseous
detector with an amplification grid added by photo-litho-25

graphic post-processing techniques [3]. It consists of a
Timepix3 chip [6] with a 8µm thick Silicon-Rich Nitride
protective layer, and 50µm high SU8 pillars that support
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the 1µm thick Al grid that has 35µm diameter circular
holes aligned to the pixels. The growing of the protec-30

tion layer of Timepix chips has been further optimized
at the Fraunhofer Institute for Reliability and Microinte-
gration (IZM) in Berlin, making the device more spark
proof. An ionizing particle will liberate electrons in the
TPC drift volume that will drift towards the grid and en-35

ter the avalanche region. The avalanche yields an elec-
tronic signal on the pixel. The Timepix3 chip has low
noise (⇡70 e�) and allows per pixel for a precise measure-
ment of the arrival time and the time over threshold using
a TDC (clock frequency 640MHz). For the read-out the40

SPIDR software is used [7].
In Figure 1 a cross-section of the Gridpix detector

(14.1mm⇥ 14.1mm) located in a small drift volume is
shown. The box has length of 69mm, a width (not shown)
of 42mm and a height of 28mm with a maximum drift45

length of about 20mm. The beam enters the drift volume
through the window from the right side. The electric drift
field is defined by a series of parallel strips in the cage and
is about 280V/cm. On the guard plane - located 1mm
above the grid - a voltage is applied that matches the lo-50

cal drift voltage.

3. Testbeam measurement

In July 2017 measurements were performed at the ELSA
facility in Bonn. ELSA delivered a beam of 2.5GeV elec-
trons at a maximum rate of 10KHz. To acquire a precise55

reference track, a silicon tracking telescope was introduced
in the setup as shown in Figure 2. Electrons from the
beam first passed through a scintillator that was used to
provide a trigger signal. This was followed by the tracking
Mimosa telescope, consisting of 6 silicon detection planes60
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Update on test beam analysis of a single chip Timepix3
Ingrid

Kees Ligtenberg

Lepcol meeting

January 15, 2017

Kees Ligtenberg (Nikhef) Test beam analysis January 15, 2017 1 / 32

Timepix3-based GridPix

Timepix3-based GridPix:

Micro-pattern gaseous detector with
grid aligned to pixels

65K 55 µm⇥ 55 µm sized pixels

Timepix3 compared to its predecessor:

Improved time resolution of 1.56 ns

Simultaneous time and charge
(ToT) measurement

Single chip Timepix3 detector with field
shaping, guard electrode, and
T2K TPC gas (Ar:CF4:iC4H10 95:3:2)
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Di↵usion in drift direction
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Fix grid position with value from y -fit z0 = 4.027mm
DL = 252 µm/

p
cm ( ⇠ 230 µm/

p
cm calculated1)

From laser test without time walk correction DL = 254 µm/
p
cm at

Vgrid = 330V and vdrift = 66.4 µm/ns 2
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Histograms of Timepix3 deformations

Fill one entry per bin (pixel) from previous slide in histogram
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Multiple scattering of ~0.7 mrad at last telescope plane

Gridpix TPC readout (Kees Ligtenberg)

Multiple scattering in setup

Use last intercept in track fit for TPC with 10 µm error

Scatter caused broadening of 
residual distribution 
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TelescopeTPC



• 4 GridPix chips on one mechanical support (40×28 mm2)
• All services under large active surface (68.9% coverage)
• First electrical Quads assembled and functional
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Quad development
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First Hit map with 
Sr90 source

Hitmaps courtesy Kevin Heijhoff

• First ‘electrical' quad uses 
class B-D chips


• New batch of gridpix chips 
(with slightly adapted design) 
being prepared at IZM


• Next step: build 10+5 quads           
(5 ordered by Bonn)                          
& equip a base plate
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• First ‘electrical' quad uses 
class B-D chips


• New batch of gridpix chips 
(with slightly adapted design) 
being prepared at IZM


• Next step: build 10+5 quads           
(5 ordered by Bonn)                          
& equip a base plate

Ionization in  
Laser focus 
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