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A BSTRACT: The future international accelerator facility FAIR (Facility for Antiproton and Ion
Research) will host multiple experiments. A focus will be on experiments with antiprotons. The
PANDA (antiProton ANnihilation at DArmstadt) experiment will study the strong interaction in
annihilation reactions between an antiproton beam and a stationary gas jet target.
The PANDA detector consists of different sub-detectors for tracking, particle identification and
calorimetry. The Micro-Vertex Detector (MVD) as the innermost part of the tracking system will
facilitate precise tracking and detection of secondary vertices. The MVD will comprise hybrid
silicon pixel sensors and double-sided silicon strip sensors.
The strip part will contain approximately 200,000 channels that need to be read out using a highly
integrated front-end chip. Therefore, a custom-made ASIC is being developed. The self-triggering
PASTA chip (PAnda STrip Asic) will employ the Time-over-Threshold (ToT) technique to digitize
the hit amplitude and utilize time-to-digital converters (TDC) with analog interpolators to provide a
high-precision time stamp of the hit. A custom-made Module Data Concentrator ASIC (MDC) will
multiplex the data of all front-ends of one double-sided strip sensor towards the CERN-developed
GBT chip set (GigaBit Transceiver). The MicroTCA-based MVD Multiplexer Board (MMB) at
the off-detector site will receive and concentrate the data from the GBT links and transfer it to
FPGA-based compute nodes for global event building that combines all sub-detectors.
K EYWORDS : Si microstrip and pad detectors; Particle tracking detectors (Solid-state detectors);
Front-end electronics for detector readout; Data acquisition concepts.

∗ Corresponding

author.

Contents
1.

Introduction

1

2.

The PANDA Strip ASIC (PASTA)

2

3.

Module Data Concentrator

4

4.

Data Acquisition

5

1. Introduction
The existing GSI facility in Darmstadt, Germany will be extended to FAIR (Facility for Antiproton
and Ion Research) [1]. Currently under construction, this future international accelerator facility
will deliver high intensity beams of protons, antiprotons and ions to several experiments. A focus
will be on experiments with antiprotons. The PANDA (antiProton ANnihilation at DArmstadt)
experiment will study annihilation reactions between a stored antiproton beam and a stationary gas
target or heavy nuclear targets as well [2]. Up to 1 · 1011 antiprotons in a momentum range from
1.5 GeV/c to 15.0 GeV/c will be provided by the High-Energy-Storage Ring (HESR).
The unique self-triggering data acquisition concept of PANDA demands that every sub-detector is
able to detect hits without requiring an external trigger. Therefore, all front-end electronics have
to be able to distinguish physical events from noise and send digital hit information along with a

Figure 1. The left frame shows the PANDA detector composed of a Target Spectrometer and a Forward
Spectrometer, each equipped with several detector layers. The Micro-Vertex Detector is the innermost detector of the Target Spectrometer surrounding the interaction zone defined by the crossing of beam pipe and
target pipe (right).
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precise time stamp to the event builder. Due to the high luminosity the detector must be capable
to sustain and handle high interaction rates of up to 20 million antiproton-proton annihilations per
second.
The Micro-Vertex Detector (MVD) as part of the tracking system of the Target Spectrometer is
designed to detect secondary vertices of charmed and strange hadrons close to the interaction point
and to deliver precise tracking information together with other tracking detectors. The required
vertex resolution is in the order of 100 µm along the longitudinal (z) axis and 30 µm in the transverse (x-y) plane, respectively, and was validated from simulations. The MVD is equipped with
2 barrel layers made from hybrid silicon pixel sensors and 2 barrel layers of double-sided silicon
strip sensors, respectively. The forward part is covered by 6 disk layers with the inner 4 layers comprised entirely of pixel sensors and the outer 2 layers of strip detectors and, closer to the beam pipe,
pixel detectors, respectively. This arrangement ensures the requirement of four MVD hit points
per track, an optimal detector coverage and a material budget well below 10 % X0 . All components
have to be radiation tolerant to non-ionizing radiation levels of up to 1014 n 1Meveq cm−2 and ionizing
radiation loads of up to 10 Mrad [4].
The strip detector part of the MVD is equipped with double-sided silicon strip sensors. Three different sensor geometries are employed: square (35 x 35 mm2 with 512 x 512 strips) and rectangular
(60 x 35 mm2 with 896 x 512 strips) shaped sensors for the barrel part and trapezoidal (58 mm high,
37 mm long side and 22 mm short side with 768 x 768 strips) sensors for the disk part. The sensors of the barrel part as well as for the disk part are produced by CiS, Erfurt [5]. The 285 µm
thick sensors with polysilicon-biasing and 8 guard rings feature p-spray isolation on the n-side.
The sensors can be read out via AC-coupling or DC-coupling. The square and rectangular sensors
have a strip pitch of 65 µm and a stereo angle between p-side and n-side of 90◦ . The trapezoidal
sensors have a strip pitch of 45 µm and a stereo angle of 15◦ . All sensors will be read out using a
floating-inter-strip scheme by bonding every second strip to the front-end electronics.

2. The PANDA Strip ASIC (PASTA)
To read out the approximately 200,000 channels of the strip part of the MVD, a highly integrated
front-end ASIC is needed. Due to the data acquisition concept of PANDA with no external trigger, the front-end needs to be self-triggering. No front-end for silicon strip detectors employed in
contemporary experiments fulfills this requirement. Therefore, the development for a new frontend chip, named PANDA Strip ASIC (PASTA), that fits the requirements of the PANDA MVD
was started. The ASIC design is carried out at the INFN Torino in collaboration with the University of Gießen and the Forschungszentrum Jülich GmbH. In order to reduce development time,
the basic functionality was deduced from the existing TOFPET ASIC [6]. The TOFPET chip is a
self-triggering front-end with fully digital back-end that was developed within the EndoTOFPETUS collaboration for the readout of silicon photomultipliers. Hence, a complete redesign of the
analog input stage for the dynamic range and capacitance of silicon strip sensors was required. In
addition, the ability to handle signals of both polarities was added. The concept of dual thresholds
was kept since the time information of crossing the lower threshold Vth_T allows to minimize time
walk effects and yields a more precise hit time information. Only if the higher threshold Vth_E is
reached the hit is validated and will be processed further. The working principle is depicted in
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Figure 2. Left: Scheme of the dual threshold operation. The crossing of the lower threshold is connected to
the hit time t1 . The hit is validated by the crossing of the higher threshold. The time difference between t1
and t3 is the Time-over-Threshold of the hit. Right: The TDC with analog interpolator allows precise time
measurement.

figure 2 (left). The digitization is implemented using the Time-over-Threshold technique (ToT).
A coarse time information is derived directly from the chip clock, while a more precise fine time
is measured using time-to-digital converters (TDC) with analog interpolators. This is achieved by
charging a capacitor with a constant current starting from the crossing of the threshold until a certain clock phase is reached within a time-to-analog converter (TAC), then this charge is transferred
into the larger capacitor of the TDC which is then discharged with a smaller current. Depending
on the ratio of the capacitances and the ratio of the currents an amplification factor of up to 128 is
reached. This enables a high precision time measurement with a time binning of 50 ps at 160 MHz
clock frequency. For both thresholds in each channel four TAC-stages are implemented in order to
reduce the pile-up probability. In that way up to four hits can be buffered until processed by the
TDC. The ToT approach was also chosen to reach a low power consumption. The latest simulation
indicates a power consumption of less than 4 mW/ch for the 64 channel chip. Significant changes
were also performed on the digital part of the chip, leading to notable reduction on area and power

Figure 3. Architecture of the PASTA front-end. Each of the 64 channels has two discriminators with
individual thresholds (thrT and thrE ). Each discriminator is connected to a quadruple of time-to-analog
converters digitized by one time-to-digital converter.
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consumption. One of the most important changes was the implementation of techniques to mitigate single event effects. Triple-modular redundancy and Hamming encoding was introduced [7].
The submission of a first prototype in commercial 110nm CMOS technology is foreseen for the
beginning of 2015.

3. Module Data Concentrator
The next step in the readout chain of the MVD strip detector is the Module Data Concentrator
ASIC (MDC). This chip will be placed at the stave level on the same flex-PCB as the front-end
chips. It will multiplex the data stream of all the front-ends reading out one double-sided strip
sensor. For the barrel sensors there are 11 or 8 front-end chips, respectively, and 12 front-end chips
for the disk sensors. Since the sensor high voltage is present between the sensor p-side and n-side
the connection between the front-ends and the MDC needs to be realized by means of galvanic
isolation. Furthermore, a DC-balanced data format will be employed.
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Figure 4. Block diagram of the Module Data Concentrator ASIC. Up to 12 front-end chips are connected to
one MDC. The input data is processed and multiplexed to one GBT e-link.

The MDC will decode and buffer the data frames from the front-ends and perform a time-ordering
of the data. This is necessary since the hit data in the frame is not aligned according to its event time.
A non constant delay between the event and the recording into the hit register occurs depending
on the conversion time needed to determine the fine time as well as for the Time-over-Threshold
which is related to the charge deposition. Other features are mapping according to the sensor
geometry, hitfinder and cluster finder for adjacent hits in a certain time window. An optional 2dimensional hit correlation based on a correlation of the charge measured on the two sensor sides
can be applied. These feature extraction algorithms can help to reduce the amount of data to be
send off the detector. The MDC will also serve as an interface for the slow control of the frontend chips. The MDC will be connected to the e-port of the GBTx [8] using the e-link protocol.
Since it will be situated in the same radiation environment as the front-end chips, SEU mitigation
techniques like triple redundancy will be employed for all critical components. The ASIC design
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is carried out at the Fachhochschule Südwestfalen in Iserlohn, Germany. It is planned to produce
the chip in the same commercial 110nm CMOS technology as PASTA.

4. Data Acquisition
In case of the high event rate of up to 2 · 107 antiproton-proton annihilations per second and the triggerless readout scheme of PANDA, a fast and effective data acquisition system (DAQ) is required.
As already described in the previous section, a concentration of the data in several steps will be performed. The approximately 200,000 channels of the MVD strip detector will be read out by a total
of 3112 front-end chips. On stave level they are connected to 296 MDCs requiring only short electrical path lengths. To further reduce the amount and length of electrical data transmission lines,
the utilization of fast optical data links like the GBT link (CERN) is intended. The GBT boards
will sit inside the PANDA detector near the MVD and send off the data coming from several MDC
via optical fibers to the counting room electronics. There, the MVD Multiplexer Board (MMB) [9]
as the off-detector electronic based on an MTCA.4 board will receive the optical links from the
detector. This board, as seen in figure 6, is developed within the project “Detector Technology
and System Platform” of the Helmholtz Association of German Research Centers (HGF) coordinated at the Karlsruhe Institute of Technology together with DESY, the Forschungszentrum Jülich
GmbH and others. Its key component is a Xilinx Kintex-7 FPGA and offers 4 high speed GTX
lanes to SFP/SFP+ cages on the front panel. This renders it directly usable as MVD Multiplexer
Board, since it is intended that one MMB receives three GBT links with a net user data rate of up
to 3.2 Gbps and then uplink the data on one 10 Gbps link to the global PANDA DAQ system build

SODANET

DAQ

GBTs

Figure 5. Readout chain for the MVD strip detector: All the front-end chips connected to one double-sided
sensor will be aggregated by one Module Data Concentrator chip. The MDCs are connected to a GBT board
via e-link. The MVD Multiplexer Board can handle up to three optical GBT links and connects to a Compute
Node of the event selection system.
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from FPGA-based Compute Nodes. The board will implement the connection to the PANDA time
distribution system (SODANET), which is currently under development. Its FPGA can be used to
perform feature extraction and algorithms for track finding. Synergies will arise since the FPGA
code from current developments concerning the GBT interface and the time distribution system
performed on Kintex-7 development boards can be reused for the MMB.

Figure 6. Left: Photograph of the MTCA.4 board planned to be used as MMB. Right: Functional diagram
of the board based on an Kintex-7 FPGA.
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