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Structure of the DAQP System

The DAQP system mainly consists of four parts: FEE Boards, DAQP
module, Reconfiguration module and PC Software.
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| DAQP Board

Prototype PCB of the DAQP Board and FEE Board

All the FEE Boards we design have uniform package style, making it
convenient to change front-end signal conditioning circuit aiming at
different experiments. One FEE Board has 8 pins for signal connection as
well as mechanical fixation to match with the socket on DAQP Board. ..
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Application Examples:
Oscilloscope and MCA
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The DAQP system aims at providing
various virtual instruments for the
need of particle physics experiments
in university. Most experiments can
be carried out conveniently with
combination of virtual instruments.
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1.Introduction

Muclear ssience and particle physics i an imparlant subject in physics, and il & important
1o lgwnch pamidie physics axpenments n university 10 frain students. The typical
characteristic of particke physics experiments is that the detector's. autpet signal is directhy
Teed 1 Whe Sront-end electionics (FEE) of the lealing ayatam and afer Sgitization ard some
preprocessing, the data is buffered and recorded. Various detectors are selected far diffanent
experiments, bringing differend testing schemes and different data formads, as is shawn in
Fig. 1. So tradiionsl data soquisition system for pedicle physics experimants usually
consists af dscrate deviees with simple functions and complex circuils. having law
processing specd. Besides, the reliabiily of the acquisilion system @& nol thal high and il is
dificidt 1o debisg o 10 upgrada ha system,

To deal with such siiuations, we Sesign 2 data acquisilicn and procsssing {DADE) system
Tor particle phyaics experimants in university. By emploving daRalization and recontiguration
technigues in our dasign, we can achiaue various instement functions within arky one DACE
board. A variety of delecicrs can be connecled io the DAGR sysiem, and the lask of
racoriing and processing the exparimant daa can be completad aaslly. Tha DAL systam
comeerts the enhancemeant of the functionality and performance into the development of
wirtual instrumenis by using recorfiguration lealures, making ihe system reain boih the
flaaitility of scétware: design and high sprad of harmwane circuit
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Fig.1. Clssic schemes for particle physics sxperiments
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2.System Design

Through anakzing the system requirements, characterisfios and feashilty of partide
physics experimants, this paper describes the achiecture of the DACE M varous
Hirds of small customizable FEE bosris to accommadate with diffarent desectar outputs:
mubichannel analog-to-digital converler (ADC} for multichanne! signal prosessing; fisld
programenable gate array (FPGA) for data bullering, dighal signal processing, command
parsing as well a5 system condral; Ethamed chip (IMGL WT100A) for network connaction
and FPGA recanfiguration.

The schamatic structura of 1ha DAQIF syslem is shawn in Fig. 2, The core of e systam is
ane Cydone Hl FPGA, which can be configured wia JTAG for debugging. and it can also be
comigured in pasaive sedal configuration mode by WTI00A. The delectar signals in various
Types ara fad to small FEE boards that hava diferant signel conditioning Runclions, ke fikar
and pulse shaping, leading #dge discrimination, charge sensitive ampification and 5o an.
And some of FEE beards’ oulpuls are sent irlo FPEA fTor direct processing and
measuwremant, whie the others am sent to ADC for continuous. dgitization, The digitized
autpuls of the ADG are then processad and inlegraled in corresponding digital processing IP
cares for diferant expenmant punposas, WA is respoand for astadlishing Etharnsd data
communication between PCand the DACOP system. The readowt and cantral software an PC
is devaloped using MNational Irsiruments LabiIEW.
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Fig 2 Sahematic Block dagrmm of the DADP Sysiom

The DAOP system mainly consists of four parls: FEE Boards, DACP module,
Recomliguration module and PC Sofwara. In a spedcfied expaiment, appropriale FEE Board
wil be plugged into the socket on DAQP Boeard, and Reconfiguration module along with PG
Sofbware will decide which digilal proassing 1P cons 10 use, The Tour pars wark Lagalhar o
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Tha care of DAQP madule is one Gyclene [l FPGA which implaments the function of data
sloeage and digital processing. We can pack a variely of digital function algarithme inlo
mdependart IF cores. like single-channal analyzer [SCA), mulil-channel analyzer (MCA),
wavebarm analyzer, pulse shape discimination (PSD), lime-lo-tigital canverier (TDC) basad
an apped delay lme and so fomh. Fig. 4 ilustrales block division of FPGA intamal logic.
Logic modules needed in most expermants wil be assigned ta stationary part, induding the
phase-lockad loop, ADC data alorage, CMD parser and data bulfer conlrol. The rest logic
maodulas are basically devalopad for specific instrumant funciions, consisting of SCa, MCA,
TOC, astilossape and scaler, These specilic instrument functions can be sasily reconfigured
Tor diflerent experiment nnmmalnrwgh translesmations of diflerent logie.
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Fig. 3. Profotyps PGB of the DAGFS Board and FEE Board Fig. & FPGAInkernal kgks biok dagram

Passive Serial [PS) sonfiguration can be parfcemed on Cyclone 11l FPGA with an axtemal
inteligant hoal. As o our case, WT10DA can receive configuration data from PC in form
af rif file and then repack fhe data for PS configuration. The specific canfiguragan data can
be mesigned in the PC soffware according bo different experiments. In this way, anlina
raconfiguration of the DAQE sysham can ba reakzed

3.Application Examples

Tha first implamantation i virual asciloscops, which can comglate the funetions of signal
reading and acquisition as well as waveform display and storage. We use ADSE148 for
wavetorm digitization which s ane 14-bit ADG with samplng rates up to 250MSPS, First a
funclicn genmratar is used o producs A sine wave with wltage amplitude at 128mY (prak to
peak) and requency at ZMHz. And han Ihe wave signal i Tad to the DAQP syslem. We can
claarly sae the wavelorm and its corresponding paramedens an The osclloscopa pensl, & s
shown in Fig. 5.
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Fig. 5. Dsdbosoope Panel
Tha secand implamantation is MGA basad on FFGA and hi-speed ADC (ADSH148) A5 o
cur cass, the MCA warks in pulse haight analysis mode snd # is used o messure a
mplaLeenerm specirum of radicactive sources,
Fig, § displays alpha energy spactrum of 2"Am: the ful energy pesk sie & channal
S018.57 and the FUWHM is 144.00, thus the snergy reseiution is 287%.
Fig. T msplays alpha energy spectrum of 2*Pu; the full energy peak site |5 channsl
AGE2, T and tha FWHM is 247 04, thus the energy resclution is S 34%.
I e j——— —

Fig. & Alpfes aneegy sgseus of 40 Am Fig. 7 Aljt anasgy soeerun of Sy

4.Conclusions
This paper proposes a meconfigurable DAGE system for paticle physics. experimants in
univensity. The nowel aspect of the design is bringing the system into small size, reduced cost,
scalabiity, raconfiguration and realtime processing. Thal i an 8namais Imgroveament gvar
the exisng experiment systemn. Furlharmare, the syslem can be easily upgraded because of
wniform virlual instrument user inlerfaces and FPGA based hardware design.
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