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DEPFET, a monolithic active pixel sensor for the ILC$
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Abstract

In a DEPleted Field Effect Transistor (DEPFET) sensor a MOSFET is integrated on a sidewards depleted p-on-n silicon detector,

thereby combining the advantages of a fully depleted silicon sensor with in-pixel amplification. A 450 mm thick DEPFET was tested in a

testbeam. The S/N was found to be larger than 110. The position resolution is better than 5mm. At a seed cut of 7s, the efficiency and

purity are both close to 100%. In the readout chip a zero-suppression capability is implemented. The functionality was demonstrated

using a radio-active source. The predicted impact parameter resolution of a 50mm thick DEPFET vertex detector, is much better than

required for the International Linear Collider (ILC).

r 2007 Elsevier B.V. All rights reserved.
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1. Introduction

For the accurate measurement of Higgs branching ratios
and properties as well as precise studies of physics
processes beyond the Standard Model at the International
Linear Collider (ILC), efficient distinction of heavy quark
flavors, most notably of bottom and charm quarks, is a
must. This requires precise secondary and even tertiary
vertex detection, correct assignment of every track to the
correct vertex and determination of the jet charge.

Since the impact parameter of b-quarks is in the order of
�300 mm and of c-quarks �100 mm, the challenge for a
vertex detector at the ILC is to build a very low mass, high

precision vertex detector. The aims are a single hit
resolution better than 5 mm and a radiation length less
than 0.1% X0 for a ladder, which requires �50 mm thick
silicon sensors. The very low mass requirement implicates
that no active cooling can be used. Therefore, the detectors
power consumption is limited to amounts that can be
removed by flowing gas through the detector.
Due to the very high beamstrahlung rate near the

interaction point, which produces e+e�-pairs in vast
numbers, the background conditions and the time structure
of the accelerator are leading to detector occupancies of
�100 hits/mm2/bunch train (�1ms) for a pixel detector
situated 15mm away from the beam line [1].
Also the time structure of the ILC provides a challenge.

There will be 2820 bunches per pulse, which are spaced
337 ns apart, leading to a pulse train of 950 ms which has a
repetition rate of 5Hz. The aim is to readout the sensors
20 times during a bunch train. In our current design this
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requires a row readout rate of 20MHz. To limit the power
consumption the readout chips need to be switched off in
between the bunch trains. The radiation load is modest.
The detector has to withstand 200 krad for 5 years
operation [2].

The DEPleted Field Effect Transistor structure, abbre-
viated DEPFET [3], provides detection and amplification
properties together. The principle of operation is shown in
Fig. 1. A MOS or junction field effect transistor is
integrated onto a detector substrate. By means of side-
wards depletion, appropriate bulk, source and drain
potentials, and an additional deep-n-implantation, a
potential minimum for electrons is created right under-
neath the transistor channel (�1 mm below the surface).
This can be regarded as an internal gate of the transistor. A
particle entering the detector creates electron–hole pairs in
the fully depleted silicon substrate. While the holes drift to
the rear contact of the detector, the electrons are collected
in the internal gate where they are kept stored. The signal
charge leads to a change in the potential of the internal
gate, resulting in a modulation of the channel current of the

transistor. The signal charges are cleared out of the internal
gate by a positive voltage at the CLEAR contact. Note that
the signal is not destructed by the readout until the clear
pulse is issued, hence allowing multiple readout.
The low noise is obtained because of the small

capacitance of the internal gate (several 10 fF) and the
absence of external connections to the first amplification
stage. The high signal is due to the charge collection in a
fully depleted bulk. Both together yield a very large S/N
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Fig. 1. DEPFET principle.
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Fig. 2. Efficiency and purity as a function of the seed cut.
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Fig. 3. Entire DEPFET occupancy as a function of the threshold with and

without a radio-active source, demonstrating that the zero-suppression

works. Note that the occupancy is limited by the buffer size.
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