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DABC event builder software

precision ~ 10 ps (without calibration: 200 ps)
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The TRB3 - Trigger Readout Board - features 4 FPGA based
TDCs with a total of up to 264 channels and a time precision
of 8 ps RMS [1]. It was applied for various beam tests and
is going to serve as a standard DAQ hardware for FAIR
detectors, such as HADES, PANDA, and CBM. To achieve the
ime precision, however, each TDC channel must be
calibrated individually.
all, fine counter callbration should be done by means
of random test inputs and It should be repeated, if the
calibration function changes (in most cases due to
temperature  change).  Alternatively,  temperature
dependency of each channel can be calculated in advance
the from
the sensors around the FPGAS. Another compensation
should be applied to the mean value deterioration caused by
the temperature change. And finally, stretcher latency (used
for ToT measurements), which aiso depends on the
temperature change, should be measured in advanced and
compensated during the measurement.
All these callbration tasks can be caried ot aready during
data taking within the event bullding DAQ software DABC.
roduced time values can either be stored with the original
s replace them. The callbration analysis code has
Been Implemented with the Cs-+ stream framework and can
run as plug-in for DABC as well as with ROOT-based analysis
environments, like HYDRA or God.
erver in the DABC process provides online
monitoring and control of the TDC calibration from a
standard web browser.

[1C. Ugus, S, Linew, 2. Michel, . Schweitzer, M. Traier
A novel approach for pulse width measurements high
Drecision (8 ps RMS) TOC in an FPGA.3016 INST 1 11 Cotdes

Online software

Data scaiston for TRB hes bean ingimenied v DADC
framework packets, retrieved from several
TRB hoarcs are varid, soned deoﬂbimdwglwmoHLD
formatted events, which are then stored on disk.

The code for FPGA TDC calibration and temperature compensation
baa' besn Inplmeriad v (Cr:_based sbmar

(nitps /github com/inev/stream). This code can be embedded in
various higher level frameworks, ike ROOT, God, DABCo NORA.
DABC allows to run TDC calibration code directly in the DAQ
process, providing ready-to-use data for futher analysis. This
simpiifies the task of buiing heterogeneous setups, where different
kinds of TRBs boards (with and without FPGA TOC) can be used.
The same code can be run aiso offiine, using HLD files as inputs. All
stages can be monitored with God GUI or with a web-based Ul

DABC web interface
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The hit time ¢_stamp is evaluated from epoch marker, coarse counter t_coarse
and calibrated fine counter t_fine, as denoted by different colors:

| «_stamp = ( epoch * 2048 + {_coarse ) * 5ns — Calibr(t_fine) |

The Time over Threshold 7_o_T is derived from consecutive hits with “rising
edge” and “faling edge” properties (‘isrising” 1 or 0):

[ T_o_T =t_stampyuy, — L_Stamp,q, ]

Timestamp counters

4

TRB3 FPGATDC uses tapped delay line (TDL) technique: Fine time stamp
i bty signal is derived

sdg- mu such sampiing. For time over threshol
traiing edge is shifted by a stretcher to subsequent readout clock cycles
(from[1])
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Statistical calibration approach
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The complete DAQ process, including data taking, TDC calibration and files
slorage, can be monitored and controled by a web nterface. One can also access
produced in the TD This web Ul has been

\ ‘\Mnmry (httos/iroot cem chiis/),

A\

Temperature dependency

Temperature significantly affects the FPGA TDC fine-counter
calibration function. A difference of several degrees K leads to

re. To avoid such effects, temperature should be
stabiized or calibration should be repeated constanty, taking
into accountany possible changes.
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Figure shows the calibration function for the same channel,
messured with temperatures 28, 35 and 44 °C. These
calibrations look very similar except for a scaiing factor, This
can be described by a linear function

Calibr(fine) = Calibri,(fine) x ( 1+ 0.0044 x (: - 0))

The described comection compensates most temperature
effects on fine-counter calibration. Since a temperature sensor
aar sech FPGA TOC s contnuousy reed o, auch coecion
| Eamoked s dhg deta ki The  rwileg

remains below 18 ps.

mailto: S.Linev@gsi.de

Assuming input signals with an uniformly fine ime distribution, the TDC fine time counter values
should aiso be uniformly distributed in the ideal case. The measured deviations from such unifomm
i cu be ueec [o winkink s Svw eoa'c S caltbon Caltt B, Prctcal e
can be implemented as lookup-table or as ton. This calibration requires,
however, a sufficent statistics of acquired time values ('nu) for each TOC channel. The
calkvaton procadica oy be, poriovm.d vith special mqgmd uguu sither once before the

\ actual pauses.

temperature corrections
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Time over Threshoid (TOT) values measured with the FPGA TOC are aiso affected by
temperature. Both the fine time counter calibration and the stretcher ofiset for the trailing edge
signal are temperature dependent, This deterioration of ~100 ps/ ‘C can be compensated by
individual channel calibration with a pulser signal of known TOT. Such correction can be applied
in stream/DABC software already during data taking, since the actual temperature data is also

\mno\nfvom the FPGA. Taken from|[1]
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