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New results from GridPix detectors
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GridPix detector prototypes have been made using a TimePix
pixel chip and a PSI 46 pixel chip. A system of discharge
protection has been successfully tested. GridPix detectors have
been tested using cosmic rays, a 90Sr source and the T9 test beam
facility at CERN. GridPix detectors perform well for 3D track
reconstruction, dE/dx measurements and transition radiation
detection.

I. INTRODUCTION

The GridPix detector consists of a gaseous volume enclosed
by a cathode plane and a pixel chip as active anode. A charged
particle that traverses the gaseous volume leaves a trail of
electrons and ions. Due to the applied electric field the ions
drift towards the cathode and the electrons toward the readout
chip. In this way the trajectory is projected onto the chip. The
drift time represents the third dimension. A grid is suspended
50 micrometers above the chip and the holes in the grid are
aligned with the pixel input pads[l]. A voltage is applied such
that the field strength in this region is of the order of 80
kVIcm. An electron arriving in this high field region will
initiate an avalanche of electrons. This charge amplification
results in enough charge to be detected by the pixel
circuitry[2]. Fig. 1 shows a cross-section of a prototype
detector with 30 mm drift len tho

Fig. 1. The inside of a GridPix detector. The used chip is a TimePix chip
[3] that contains a pixel array of 256x256 pixels and measures 14 x 14 mm2

.

The grid is manufactured by wafer post processing techniques including
photolithography [2] at the University of Twente. The drift field was made
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homogenous by field strips on the side walls that were connected to a voltage
divider. The cathode is formed by an aluminized mylar foil.

Gossip [4] is a specific type of GridPix detector aiming to
replace silicon pixel detectors with and hereby significantly
reducing the amount of material.

II. DISCHARGE PROTECTION

Like all gaseous detectors, GridPix detectors unavoidably
suffer from occasional discharges and therefore the readout
chip has to be made spark proof. This has been achieved by
applying a high resistive coating on top of the chip. When a
discharge occurs its charge is not drained off instantly, but
remains on the surface of the coating. This charge locally
reduces the electric field between grid and chip and thus
quenches the discharge like in an RPC. The resistance of the
layer must be low enough to restrict charge buildup during
normal operation in order not to affect the gas gain.

The first successful tests on discharge protection have been
performed with a layer of 20 micrometer amorphous silicon
deposited on a TimePix chip[5]. To test the chip~ radon gas
has been added to the chamber gas to create a radiation [6].
Due to the strong ionizing properties of a radiation about 1
percent of the a tracks cause a discharge. The radon is emitted
in one of the decay steps of a 232Th source that is put in the
incoming gas line. The 22°Rn decays through 216pO to 212Pb
emitting two a particles. After a few months of continuous
operation in such a gas the chip was still functioning properly.
Fig.2 shows a tracks and a discharge caused by a track.
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Fig. 3. Tracks recorded using a 30 mm drifter. Single dots represent single
electrons. The colors represent time of arrival. Red is close to the chip and
blue is far from the chip. The magnetic field was 514 mT and the gas mixture
was He/i-butane in a ratio of 77/23. The estimated single electron efficiency is
approximately 70%.

Since August 2008 silicon rich nitride is also used as high
resistive coating. This material offers several advantages
above the previously used amorphous silicon. It has a lower
dielectric value (£r--5) than amorphous silicon (£r--ll) and has
therefore better discharge quenching properties. The bulk
resistance of a silicon rich nitride layer can be tuned by
changing the amount of silicon doping during the deposition.
With a 7 J.1m silicon rich nitride layer the discharges appear to
be even less pronounced than with 20 J.1m of amorphous
silicon. Another advantage of using Si3N4 is that the
deposition of silicon rich nitride is a more mature process and
cheaper than amorphous silicon.

Fig. 2. The left picture [7] shows tracks of (l particles. The right picture
shows a track that resulted in a discharge. The color is a measure for the
amount of charge that arrived at a pixel: from blue to red, for low to high
charge. At the moment of a discharge, the pixel preamp is overloaded and the
excess of charge is deposited into the common control and supply lines.
Therefore, a vertical line is visible from adjacent pixels on the same control
and supply lines. After a discharge the chip continues to function properly.

III. GRIOPIX MEASUREMENTS

Prototype GridPix detectors have been tested using cosmic
rays, a 90Sr source and the T9 test beam facility at the PS,
CERN.

A. Cosmic rays

A GridPix detector with a 30 mm high drift volume has
been placed in a magnetic field, recording tracks of cosmic
rays. Fig. 3 shows the projection of a recorded track and a
secondary particle, probably released from the cathode foil.
Fig.4 shows the 3D reconstruction.
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Fig. 4. The 30 reconstruction of the tracks in Fig. 3.

As can be seen in Figs. 3 and 4 b electrons and electron
clusters can be distinguished and therefore more accurate
dE/dx measurements can be performed than with other
gaseous detectors.
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IV. GOSSIP

In the Gossip concept the drift height is reduced to the
minimum that is required to keep an acceptable hit efficiency
for MIPs. In practice this leads to a drift height of 1 - 1.2 mm.
Compared to planar silicon detectors, the benefits of Gossip
are: a low amount of material in the detector~ no radiation
damage of the detecting medium because the gas is flushed~

and lower power dissipation by the readout electronics. Low
power dissipation is possible because of the low pixel input
capacitance and for the absence of a bias current compensating
circuit. The thin drift volume allows electron collection within
one LHC bunch crossing.

As a proof of concept a prototype has been built using a PSI
46 pixel chip coated with 20 micrometer amorphous silicon
for discharge protection. With this prototype 90Sr tracks have
been recorded successfully, an example is displayed in Fig. 7.

x(coUnn runber) 256 X(coUnn runber) 256

Fig. 6. Two electron tracks, left without transition radiator and right with
radiator. The color represents the amount of charge that was collected by a
pixel. The photon conversions are the red spots. The used gas mixture was
Xe/COz in a ratio of 70/30. The single electron efficiency was approximately
20 percent.

Data for track reconstruction has been taken with the
detector in different orientations in the beam to study how
diffusion affects the accuracy. The results will be published
separately.

X-ray photon conversions can clearly be seen as dense energy
deposits along the track.
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Fig. 5. Two tracks of different momentum from a 90Sr source in a magnetic
field of 200 mT. Note that the low momentum particle gives a much denser
ionization along its track than the higher momentum particle. For esthetical
reasons the time color coding is kept in the 3D reconstruction. The gas
mixture was He/i-butane in a ratio of 77/23. The estimated single electron
efficiency is approximately 70 percent.

C. T9 test beam facility at CERN

The measurements at the CERN test beam were done for
two purposes: 1. whether the detector can be used for the
detection of transition radiation and 2. to determine the
accuracy of track reconstruction.

For the transition radiation test a drift volume of 17 mm
high has been used. The detector was positioned such that the
beam particles were traversing from cathode to chip~ having
the full track projected onto the pixel matrix. The
measurements were taken with and without a transition
radiator in front. The transition radiator consisted of a few
hundred layers of thin mylar foil. Per event the particle was
identified after it traversed the detector. The beam consisted of
a mixture of 5 GeV electrons and pions. Since the electrons
had a y of 10000 and the pions had a y of 36~ electrons create
more transition radiation. With this GridPix detector a pion
rejection factor of about 10 has been achieved. Fig. 6 shows
the effect of the transition radiator using electron tracks. The

B. 90Sr source

The same detector has been tested using ~ decay of 90Sr.
This test demonstrates (Fig. 5) that the GridPix detector is
very suited for dE/dx measurements since the absolute
ionization density can directly be determined by counting
single electrons. Diffusion broadens the projection of the track
on the pixel matrix. This reduces the number of double hit
pixels and thus leads to a better track separation as the applied
pixel chip was not capable to detect multi-hit events.
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E. Scaling up

Until now GridPix prototype detectors contain one pixel
chip. Now GridPix detectors are being produced that contain 4
TimePix chips tiled in a square of 3 x 3 cm2 for a larger active
area.

In the near future we aim for building Multi-Chip-Modules
(MCM, equipped with CO2 cooling, that are composed of 64
TimePix chips, to give an active area of 11 x 11 cm2

• This chip
array [10] will be part in a large prototype TPC for ILC/CLIC
studies [11 ][12]. A prototype TPC is being assembled and
tested at DESY.

D. Track reconstruction

The accuracy of track reconstruction will be detennined by
fitting straight lines through the recorded electron clouds. The
track finding algorithm should address the following subjects:
homogeneity of drift field, diffusion, identifying delta
electrons, cluster recognition and the initial spread in position
ofprimary electrons.

structure that is more robust than a pixel chip has been
designed and is being produced.

C. TimePix-2

The results of the discharge study will be used for the
design of front-end electronics in future pixel chips. Based on
earlier measurements an input protection circuit has been
designed in the Medipix-3 chip [8][9]. Newer results from the
discharge study will be used at the successor of TimePix:
TimePix-2. This chip will have a better time resolution (1.8 ns
clock instead of the 10 ns for TimePix), lower noise, less
power dissipation and simultaneous arrival time and pulse
height measurements.

F. Concluding remarks

GridPix detectors are capable of detecting and locating
single electrons liberated from the gas. Because of this an
unprecedented detailed observation of primary ionization can
be done which is beneficial for dE/dx measurements, the

111111111111111111111 identification of delta electrons and clusters. Further studies
are being performed to quantify the performance.

B. Protection and signal integrity

Although the readout pixel chips can be made spark proof
by a high resistive layer, this also spreads the charge signal
across several pixels. Further research on this will focus on
optimizing both the protection and signal integrity. This will
be done by studying the time development and the spatial
structure of a discharge. For this reason a discharge test

Fig. 8. Different grid structures. Top left, GEMGrid, it is like a GEM foil
but with the chip as lower electrode. Bottom left, also GEMGrid but with
overhanging metal. Top right, TwinGrid, two successive layers of InGrid.
Bottom right, InGrid on top of a GEMGrid.

V. ONGOING WORK

.
'.....: ~

Fig. 7. The Gossip prototype set-up, the inset is a recorded 90Sr track.

A. Silicon rich nitride and InGrid

At the University of Twente two post processing steps for
GridPix are done 1. deposition of silicon rich nitride 2.
manufacturing of InGrid (Integrated Grid). In the immediate
future 9 chips can be processed in parallel instead of one
speeding up the production. Research is done on different grid
configurations (Fig. 8) and materials. One of the aims is to
make a grid ofhigh resistive material i.e. silicon rich nitride.

.. ~., .•
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