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We developed a standalone data acquisition module that could digitize a maximum of 3 million
samples per second for proton energy measurements. The module also includes a pile-up separation algorithm so that pile-up events could be rejected efficiently. Proton energy monitoring was
performed by using the 45-MeV proton beam from the MC-50 cyclotron at the Korea Institute of
Radiological and Medical Sciences. The energy profile of the proton beam was measured with a
LYSO (Cerium-doped Lutetium Yttrium Ortho-silicate) crystal scintillator with a 40-ns decay time.
The scintillator was coupled to a Photomultiplier tube, and its output signal was fed into the signal
digitization module, followed by a preamplifier. The digitized signal was sent to a computer via
Ethernet. We measured the energy profiles at different transverse beam positions. We found that
the energy resolution become worse when pile-up was increased because of the high count rate at
the central region. The energy resolution was improved when the pile-up rejection algorithm was
applied.
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I. INTRODUCTION
Nuclear or high-energy physics laboratories have processed signals from radiation detectors with a variety of
electronic devices, such as nuclear instrument modules
(NIM), and computer automated measurement and control (CAMAC) or versa module europa (VME) based on
electronic modules [1,2]. The typical modern linear electronic module consists of multichannel analyzer (MCA),
analog-to-digital converter (ADC), a time-to-digital converter (TDC), and scalar module [1,2].
New systems based on the digital pulse processing
technique have been developed [3, 4]. The digital pulse
processing architecture of the systems is much simpler
than that of previous types of architecture. Pulses are
sampled immediately next to the detectors or pream∗ E-mail:

plifier stages, and then undergo a digitization process.
Usually, a flash analog-to-digital converter (FADC) with
a high sampling rate is used for the signal digitization
and digital signal processor (DSP), and/or a field programmable gate array (FPGA) is used for fast signal
processing.
In this work, a F200DAQ module has been developed
with a digital pulse processing capability of a 200-MHz
and 12-bit FADC. The F200DAQ is based on a 5-ns sampling digitizer and a FPGA chip. This module has the
functions of a pulse-peak sensing ADC, a pulse-area sensing ADC, and a time tag using the leading edge discrimination method. Moreover, it can be used as a waveform
recorder with 320-ns waveform length for the purpose
of pulse monitoring. It has four independent channels.
The external and the internal trigger functions are implemented, and the internal trigger signals can be also sent
out by the trigger output connector. All of these func-
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Fig. 1. Block diagram of the F200DAQ module.

Fig. 2. Block diagram of the digital signal processing in FPGA.

tions are implemented in the FPGA. It operates with a
110 - 220 V AC voltage, and digitized data can be directly transferred to the host computer by using a 100
Mbps Ethernet port. It is a standalone, very fast signal processing, economic and portable device. It is also
equipped with an Ethernet port so that it is easy to be
used in a nuclear or high-energy physics laboratory, or
in a radiation detection and beam test facility if only
the scintillator pulse width is less than 100 ns. It can
be used for signal processing with an organic scintillator, such as a liquid scintillator, a plastic scintillator, or
a Stilbene. This module can also be used for fast inorganic scintillators such as pure CsI, LaBr3 :Ce, CeBr3 ,
GSO:Ce, LSO:Ce, and LYSO:Ce.
The F200DAQ module was used in the 45-MeV proton beam-line of the MC-50 cyclotron at the Korea Institute of Radiological and Medical Sciences (KIRAMS)
to monitor proton energy profile. The energy profile of
proton beam was measured with a LYSO crystal scintillator coupled to a Photomultiplier tube (PMT), and the
test results are presented in this paper.

II. EXPERIMENTS
1. Characteristics of the F200DAQ Module

The block diagram of the F200DAQ module is shown
in Fig. 1. It has a four-pole low-pass filter followed by
four 12-bits, 200-MSa/s FADCs. Two ADS6214 chips
produced by Texas Instruments are interleaved to sample
the pulse shape every 5-ns. Digitized pulse information
from the four FADC is processed by using digital signal processing (DSP) logic implemented in one FPGA
(XC3S400-4FGG456 from Xilinx). When it is triggered,
the F200DAQ records the pulse-peak’s value, the pulsearea value, and the arrival time of the pulse on the data
buffer memory inside the FPGA. The details of digital
signal processing are described in Fig. 2.
The data buffer consists of fixed dual buffers with a
capacity of 512 events, which corresponds to 4096 bytes.
One buffer can be read while the other buffer is being
filled. This scheme minimizes the dead time of data
acquisition. Along with the data buffer, the F200DAQ
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has an extra buffer to record an input pulse’s waveform.
Raw FADC data of 320-ns in length can be stored in
this buffer and the buffer has a 64-event depth. The
F200DAQ has four channels which have their own ADC,
DSP logic and buffers. Each channel runs independently
with a self trigger while four channels receive data simultaneously with an external trigger.
The FPGA also drives the TCP/IP interface to communicate with the outside world via a 10T/100T Ethernet. A microcontroller unit (MCU, ATMEGA32) is
included in the F200DAQ for configuring the FPGA,
whose firmware is stored in a flash memory. The FPGA
firmware and the Ethernet parameters, such as the MAC
address and IP address, can be updated using a RS232 port in the MCU. The physical dimension of the
F200DAQ is 50 cm × 20 cm × 5 cm, and it is powered
by a 110 - 200 V AC voltage [5]. subsectionInput signal
Either a positive or negative polarity pulse can be put
into the F200DAQ. The input signal has a 50-ohm termination. The input pulse is fed to the shaper with a 10-ns
shaping time followed by an amplifier with gain of 4.
An offset adjustment stage follows the amplifier, which
sets the baseline of the ADC input by programming a
digital to analog converter (DAC). The 10-ns shaping
time makes a narrow pulse (<10 ns) broader so that a
200-MHz digitization is enough for signal sampling. The
peak-to-peak input dynamic range of the ADC is 2-V.

2. ADC Clock Qeneration

The 200 MHz clock is made internally by a DLL (delay
locked loop) inside of the FPGA, and two ADC clocks
with 100-MHz frequency and phase difference of 180 degree are generated by applying 200-MHz clock signal to
T(toggle) flip-flops. If the 200-MHz clock’s frequency is
stable, the phase between the two ADC clocks is stable
too.

3. The F200DAQ Algorithm

The pulse is digitized by using a 12-bit, 200-MSa/s
FADC continuously. Because the FPGA runs at a 100MHz frequency, alignment of the ADC output from the
two interleaved FADCs is necessary. Since there are offset mismatches between the two FADCs, the pedestals
of the two ADCs are subtracted separately. Pedestal is
defined by the average of the past 1024 samples (∼10
µs) of the ADC value which is subtracted from the current ADC value. This is the moving average pedestal
subtraction method that can automatically compensate
for offset drift, which is mostly due to the temperature
change.
A digital leading-edge discriminator compares the
ADC value with the programmed threshold. Before be-
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Fig. 3. Example of the signal waveforms in the LYSO
crystal and schematic diagram of the pulse peak and area
finding method.

ing applied to the discriminator, the pedestal is subtracted from the ADC value. Figure 3 shows the timing
of the peak search and the leading-edge discriminator in
the F200DAQ. The maximum ADC value is searched for
during the time that the digital leading-edge discriminator is turned on. This value is latched at the time when
the digital leading-edge discriminator is turned off or the
peak is searched for. The time of the peak input signal
is tagged for the time tag. The timing base is supplied
by a free running 56-bit local timer with 5-ns precision.
The pulse-area is also measured in the F200DAQ. The
pulse area is defined by the sum over the integration interval of ADC values after the pedestal subtracted. As
the summing is done only for the pulse that fires the
digital leading-edge discriminator, the input pulse is delayed by 320-ns. The integration is started at the point
set by software setting as the summing region setting, as
shown in Fig. 3, and continues for 32 consecutive samples (160-ns summing). The maximum pulse processing
rate is 3-MHz because of the 320-ns delay logic.

4. Trigger

The digital leading-edge discriminator’s outputs from
the four channels are put into a trigger decision circuit.
It accepts trigger output signals from four independent
channels, as well as a combination of them with trigger lookup table setting. It also generates a board-level
trigger output as the external trigger logic. The timing
between different channels should be programmed by using the coincidence width setting. The external trigger
input accepts an LVTTL or TTL logic signal. When
the trigger signal is generated, the pulse-peak value, the
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Fig. 4. (Color online) Schematic diagram of the experimental setup for beam profile monitoring using a LYSO crystal scintillator with a 45-MeV proton beam.

pulse-area value, and the arrival time of the pulse peak
are saved in the data buffer on an event-by-event basis.

Fig. 5. Energy spectrum of the LYSO crystal due to 37.5
MeV protons at the edge.

5. Data Acquisition System

The TCP/IP socket library in a Linux operating system is used for data transmission. A DAQ system based
on the ROOT package [6] is used for data taking and
analysis. With different software settings, the digitized
FADC spectrum or pulse-area sensing ADC (SADC), the
pulse-peak sensing ADC (PADC), and the time-tag information are recorded for further analysis.

III. EXPERIMENTAL SETUP
Fig. 6. Energy spectrum of the LYSO crystal at the center.

The 50-MeV proton beam test facility at the MC-50
cyclotron of KIRAMS (Korea Institute of Radiological &
Medical Sciences) was established by the PEFP (Proton
beam Engineering Frontier Project) of the Korea Atomic
Energy Research Institute (KAERI). This facility will be
used for pilot studies of the PEFP, especially for studies
using a very low proton beam flux, 104 ∼ 1010 /cm2 -sec
[7]. The 45.0-MeV incoming proton beam passes through
a 0.2-cm-thick aluminum window capping the beam pipe
with 150-cm thickness of air and loses energy down to
37.5-MeV. Proton currents of 1.0-nA were used for this
study.
A LYSO crystal with dimensions of 7 × 6 × 5 mm3
was used for the beam profile monitoring. The LYSO has
several advantages for proton energy profile monitoring
such as a high light output (75% of NaI(Tl)), a fast decay time (40-ns), and radiation hardness (>107 rad) [8].
The performance of the LYSO crystal for proton flux and
energy monitoring has been studied [9, 10]. The LYSO
crystal was wrapped with Teflon sheets, followed by PVC
tapes. A metal package E5780 PMT of 8-mm in diameter (Hamamatsu Co.) was attached to one side of the
crystal. A 1-mm diameter lead collimator was located in
front of the LYSO crystal to reduce the proton flux. The
analog signal from the PMT attached to the scintillator
was sent to the analog input of the F200DAQ module via

a fast preamplifier (10×), as shown in Fig. 4. The detector was loaded on a moving target stage, which provides
a two-dimensional proton beam profile. The details of
the setup are described in Ref. 11.

IV. RESULTS
A high voltage of -450 V was applied to the PMT attached to the LYSO crystal. By software, a negative
polarity, a 50-mV threshold, and 40-ns summing region
setting were applied to the F200DAQ module to trigger
an event by using a self-trigger algorithm. Data were
recorded into a personal computer located in the control
room through the TCP/IP connection and the recorded
data were analyzed with a ROOT based analysis program. The 45-MeV proton beam provided 37.5-MeV in
front of the LYSO crystal, and a 1-nA proton beam current was used for this study. Scanning in the x-direction
was used for the energy profile comparison.
As shown in Fig. 5, the FWHM energy resolution was
measured to be 5.2% at the edge, and the counting rate
was recorded to be 2 × 104 counts/second. However,
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Fig. 7. SADC/PADC ratio spectrum at the edge.
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and an pulse-area sensing ADC (SADC) method, we can
utilize this functionality for pileup rejection. As shown
in Fig. 7, the ratio between the PADC and the SADC
should be constant in the case of no-pileup because the
pulse area should be proportional to the pulse peak. The
SADC/PADC ratio was measured to be 24.7. The distribution was very narrow, and the resolution was 1.2%
FWHM. To reject pileup, we set the pileup rejection criteria as SADC/PADC < 24.3 or SADC/PADC > 25.1.
Figure 8 shows the SADC/PADC distribution at the central position. The SADC/PADC distribution was much
wider than the SADC/PADC distribution at the edge
because the pulse peak was no longer proportional to
the pulse area because of the pileup effect. However,
we clearly observe the peak of the proton energy even
though the energy resolution was worse (10% FWHM)
and the peak was a little shifted, as shown in Fig. 9, after
pileup rejection criterion has been applied. This proves
that the F200DAQ can serve not only as a high counting
rate, accurate energy measurement and portable device
but also as a pileup rejection device.

V. CONCLUSION

Fig. 8. SADC/PADC ratio spectrum at the center.

A standalone digital pulse processing device based on
F200DAQ was developed. By using a digital pulse processing technique, we implemented pulse-peak sensing
ADC, pulse-area sensing ADC, and time tag by digital
leading-edge discrimination and date up to 3-MHz were
recorded. The device can be used as a transient waveform recorder for monitoring purposes.
We studied the performance of the device with a LYSO
crystal scintillator for proton energy profile monitoring
by using the 45-MeV proton beam at KIRAMS. By using the scanning device, LYSO detector, and F200DAQ
module, we could monitor the position dependence of
the proton energy distribution. We demonstrated that
the energy resolution could be improve by using a pileup
rejection technique when pileup became serious.
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