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SPYBOX: Clock Monitoring at the GET Electronics

A. Perrevoort,∗1 T. Isobe,∗1 H. Baba,∗1 and A. Taketani∗2

The SPYBOX is a device that measures the time
differences between the clock signals of the various
AsAd boards (ASIC Support and Analog-Digital con-
version) at the GET electronics (General Electronics
for TPC)1)2) in order to monitor the clock synchroni-
sation. It will be used at SPiRIT - the TPC at the
SAMURAI experiment.

At the GET electronics a total number of 120 AsAd
boards are available, enabling GET to read out more
than 30000 channels of a TPC. At each AsAd board,
there are two inspection lines available which can be
used to monitor various internal signals such as clock
signals. These clock signals are fed into the SPYBOX.

For the SPYBOX two stages of multiplexer are im-
plemented in FPGAs (see figure 1): At the first stage,
64 signals are multiplexed to two. Up to four of these
FPGAs exist. The second stage reduces the remaining
eight signals to two which are used as start and stop
signal for an external TDC. Thus, a total number of
256 clock signals can be monitored, slightly exceeding
the 240 inspection lines available in GET.

The time difference between the two signals is read
from the TDC by a microcontroller which also serves
as communication interface to the user’s computer.

So far, two prototypes have been developed.
The first prototype3) houses all components on one
board. Tests with clock signals show that the principle
is feasible and yield a maximum skew of about 0.5 ns
(see figure 2).
Nevertheless, this prototype has some drawbacks. For
instance, the connectors as implemented on the board
are not compatible with the AsAd board, and only
about half the total number of clock signals can be
processed. Moreover, the large size of this board turns
out to be unhandy. By this, the need for a second
prototype arose.

The second prototype is compatible with the AsAd
board. It has a compact and modular design consisting
of an own board for each stage of multiplexer. Thus,
it allows the use of a reduced setup – for example at
SPiRIT where only about 50 AsAd boards are used.
Additionally, the second prototype leaves space for fur-
ther developments. One of the inspection lines at AsAd
is for example bidirectional. It either outputs internal
signals or receives external trigger signals for the AsAd
pulse generator. The design of the second board ac-
counts for the bidirectional line.

One additional feature of the second prototype con-
cerns the timing resolution. As this prototype has a
significant number of integrated circuit chips, the indi-
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Figure 1. Schematics of GET and SPYBOX

Figure 2. Time difference between two channels fed by the

same clock signal corrected by the clock period

Figure 3. Delaying an individual channel by LUTs

vidual channels are prone to experience different travel
times. To improve the timing resolution individual de-
lay can be added to each channel compensating for the
different travel times. This is done inside the FPGAs
by a chain of LUTs (look-up-tables) which leads to
freely selectable wire delay (see figure 3). First tests of
the delay adjustment implemented in the FPGA yield
additional delays of (0.7 to 0.8) ns per LUT. The time
difference between two channels can be measured with
a standard deviation of slightly less than 0.05 ns.

Currently, the second prototype is about to be final-
ized and will be evaluated afterwards.
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Development of TPC readout system for SπRIT project

T. Isobe,∗1 H. Baba,∗1 N. Nakatsuka,∗2 T. Murakami,∗2 W.G. Lynch,∗3 G. Jhang,∗4 W. Powell,∗5 and
E. Pollacco,∗6 for the SπRIT Collaboration

For the measurement of multiple charged particle
tracks in a heavy-ion collision experiment at RIBF,
a time projection chamber (TPC) will be installed in
the SAMURAI superconducting dipole magnet. The
main aim of the experiment is to study the density de-
pendence of symmetry energy defined in the nuclear
equation of state. This project is carried out by an
international collaboration, the “Sπ(PI)RIT collabora-
tion”; SπRIT means Samurai PIon Reconstruction and
Ion Tracker. As the readout electronics for more than
12k channels of TPC, a novel readout system, GET,1)

is employed. GET stands for General Electronics for
TPC and has been developed mainly by a collabora-
tion between French institutes and American institute.
The details of the GET system for the SπRIT project
have been reported by Isobe et al.2).

For the first experiment at RIBF, we obtained the
pre-production AsAd board, which is one of the impor-
tant boards of the GET system and which was tested
with SπRIT TPC at MSU. The pre-production AsAd
board is controlled using the Xilinx evaluation board
of ML507. ML507 can control only one board. For
the massive readout of TPC, a dedicated concentra-
tion board, the CoBo board, which can control up to
4 boards, will be produced. Figure 1 shows the cos-
mic ray signal height of each channel as a function of
the time bucket. There are 512 time buckets for one
channel, and a sampling rate of up to 100 MHz is avail-
able. In the case of SπRIT TPC, a sampling rate of
50 MHz with 256 time buckets is planned to be used
to cover the 10 µs drift time, which corresponds to a
drift length of 50 cm with a 5 cm/µs drift velocity in
P10 gas. Based on the information taken by the GET
electronics, we succeeded to reconstruct the track as
shown in Fig. 2. Now the analysis of the cosmic ray
data is ongoing. It is planned that electron track data
will eventually be taken with radioactive source.

As the data acquisition system, we plan to employ
NARVAL,2) which is used in the French nuclear physics
laboratory, such as GANIL. The size of data produced
by the SπRIT plus GET system is estimated to be
more than 100 MByte per second. NARVAL is selected
as it can handle data of such large size.

Finally, 48 electronic boards will be mounted on the
TPC and will be tested with cosmic rays in 2014. Af-
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Fig. 1. Cosmic signal detected by SπRIT-TPC with GET

electronics. Each line corresponds to one channel. One

AsAd board contains four ASIC chips (AGET). One

ASIC corresponds to 32 channels. The GET system

employs SCA type flash ADC. Up to 512 time buckets

can be used for analog data buffering. The pedestal is

not suppressed in this figure.

Fig. 2. Cosmic track reconstructed by SπRIT-TPC. The

black line denotes the 3D track. The red and blue lines

denote the projected track on each plane. A 100-MHz

sampling rate is used.

ter that, the TPC will be mounted on the SAMURAI
magnet for the first heavy ion collision experiment.
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