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I._INTRODUCTION
While Neutron Source (WNS) is one of the experimental terminals
deployed at China Spallation Neutron Source (CSNS). A segmented 4
detector array consisting of 92 Bal2 crystal segments is being

—

for neutran capnire cross-section measurement ac WNS, It is
designed ta detect the complete y-ray cascade emitted in neutron capture
reactions as well as measure the fight time of neutrons.

A 12bit ADC with sampling ratc up to |
GSPS s used for the readout clctronics,
which results in huge amount of raw data, To
decrease the data rate, a distributed trigeer
system based on PX1 lixpress is well designed %
for the detector array.

Il._OVERVIEW OF THE TRIGGER SYSTEM
The raw data produced by the digitizer amounts ta 15 MB per channel
for each proton pulse. Thus the total data stream of 92 channels is up to
34.5 GBis. However the valid data amount is no more than 54 MBis.
Allowing some margin to background noise, the raw data rate should be
deereused o the level of 200 MBYs or less by (he trigger s

The whole readout electronics are housed in 4 PXIe chassis, making the
trigger system a distributed architecture, The distribution network is as
illustrated in Fig. 1. GICM is the root of the trigger distribution network,
where trigger signal is generated based on frigger information extracted
from six sub-trigger madules (STMs). Once a trigger signal is generated,
it is distributed from GTCM ta LTCMSs via equal length coaxial cables,
and then to FDMs through dedicated differential star triggers.
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11l._TRIGGER INFORMATION EXTRACTION
The signal processing in STM is as shown in Fig. 2. Fach analog input is
ransfarmed into two reverse signals using a fully differential amplifier
The positive signal will be comnceted to @ comparator. And then the
digitized comparing results of 16 channc
uploaded (o GTCM through differential

The negali ignal will be integrawed and then “added together. That
resulls will be transmitied o GTCM via a coaxial cable.

Integrated signal

Compacisun result

Fig. 3 Photogiaphy of STM
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IV. TRIGGER AND D
When GTCM reccives the T0 signal from
window with 10 millisccond width, within
amay is considered as valid. One
threshold, u pre-trigger pulse will be gencrated and At uu
STMs, which sturts the transmission of the digitized compuring result of
¢ach STM. If the number of channels over the threshold als meets the
needs of the cascade multiplicity, a global trigeer signal will be
generated,

Trigger signal will he first distributed from GTCM to ITCMs via equal
length cables. Thereafter the trigger signal will he fanned out to all
FDMs by LTCM through dedicated differential star triggers on the
backplanc. Once FDM ree signal, the comresponding

celerator, it opens a time
hich signal from dt.(umr

200nsdiv

Fig. 4 Phuogruply of GICM

e vall of trigger peneration

The time walk of the generaled trigger signal is as large as 50 ns because
of the slow rising time ol the inwgraled energy. Further improvement
will be made 10 solve the problem.

V. Fuly TRIGGER SYSTEM
Benelit from high-speed digitization of delector signals. a lully digital
trigger system is also available. Trigger algorithm in STM can be
Tulfilled in DM using digital signal provessing, Fig. 3 shows the digital
data flow of the digital trigger system. Once y-ray pulse is detected, the
trigger information will be extracted and uploaded to 1.TCM, The trigger
information is a serial data which inclides the time over threshold and
the total energy of the pulse. Trigger information obtained from 92
channcls will cventually he aggregated to GTCM. Tf the cas
multiplicity and the total cnergy meet the requirements of trigger
algorithm, a trigger sigal that includes hit time and trigger number will
be generuted and distributed.

Fig. 6 Folly digita wigger systean

Hat time 3 the time over threshold.
Tdentify signals fumn diffecea! chmel

Digitizarion of all FMs are syachonized

Once implemented, hardware structure of the trig
greatly simplified. Further research will be made on this.

system can be

VI._Conclusion

Taking advantuges of the dedieated resources on PXIe buckplanc, the
strueture of wrigger distibuling is much more compacl. Murcover,
benefit from wavelonn digitization, o fully digital rigger system is also
available, In addition 1o Lurther simplilying the stracture, digital wigger
system is much more [lexible for applying variable algorithms.

Since the whole system is not finished till now, further test will be
perfarmed to fully evaluate the trigger system.
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