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To effectively perform radiation measurements for e-Learning type exercises on a nuclear reactor, we developed
new, compact and inexpensive modules for a pulse height analyzer (PHA) on the basis of a field programmable gate
array (FPGA). Pulse signals from radiation detectors were digitized by a free-running ADC and their digitized data
were distributed in parallel to four PHA modules in the FPGA. The digitized data were processed independently in
each PHA module, in other words, each user independently set measurement conditions on his own PHA module.
The new PHA modules were directly connected to the Internet via local area network and were successfully used for
the neutron and gamma ray measurement for the e-Learning type exercises on the Kinki University reactor.
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I. Introduction

There is a request for effective execution of an education
program and fruitful exercises on a nuclear reactor'?. Tt is,
however, not easy to educate many students effectively in
the use of an actual nuclear reactor because only a few
training nuclear reactors are available. In recent years,
various trials and practical applications with the Internet
have been reported as effective education tools. We have
also proposed an e-Learning system with an ion
accelerator’™. Nowadays, in an e-Learning on nuclear
engineering, it seems to become important to execute
exercises on an actual nuclear reactor.

Many techniques and methods for the digital spectroscopy
have been proposed in the last decade with the development
of programmable logic devices, microprocessors, analog to
digital converters (ADCs), and other devices. And
high-speed and high-resolution spectroscopy systems have
been realized by means of field programmable gate arrays
(FPGAs) and high-speed ADCs>”. These digital processing
devices are very effective in the development of intelligent
and convenient nuclear instrumentation systems because the
systems are reconfigurable and can be optimized to meet
purposes at a low cost. Using such devices, we have also
developed several digital signal processing circuits®'?.

In this study, we designed four compact PHA modules
constructed in a FPGA. Users can control the PHA modules
independently and can use them as major instruments for
radiation measurements. This type of PHA modules should
be helpful for the effective execution of e-Learning type
exercises on a nuclear reactor. At first this paper describes
the core electrical circuits of the PHA modules built in the
FPGA and then shows results of some experiments on their
characteristics, especially in their use as major tools for
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e-Learning type exercises on a training nuclear reactor.

I1. Method and Apparatus

1. E-Learning system

Figure 1 shows a schematic drawing of an e-Learning
system supporting exercises on a training nuclear reactor.
Four PHA modular circuits for the radiation measurement
were constructed in a FPGA. The radiation measurement
circuit with the FPGA (FPGA circuit) is set near a training
nuclear reactor (a local site), and it is interconnected to four
personal computers (PCs) in a lecture room (a remote site)
via the Internet. The characteristics of the system can be
examined through the execution of remote-controlled
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Fig. 1 Schematic drawing of e-Learning system supporting
exercises on training nuclear reactor
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exercises on a training nuclear reactor. At a local site, pulse
signals from a radiation detector like a Nal(Tl) scintillation
counter or a BF; proportional counter are amplified by a
pre-amplifier and a shaping amplifier. The pulse-shaped
signals are fed into the FPGA circuit and are in parallel
processed with the four independent PHA modules. In a
remote site, students have access to the PHA modules
through their PCs connected to the Internet. Each student can
measure neutrons or gamma-rays with each assigned PHA
modules on a nuclear reactor exercise.

2. Module-type PHA

A schematic drawing of the FPGA circuit is shown in Fig.
2. The four PHA modules work independently in the FPGA
(Cyclone EP1C3, ALTERA Corp.). Pulse signals from a BF;
or Nal(Tl) detector followed by the amplifiers are fed to a
free-running ADC (AD9225, Analog Devices; 12 bits,
20MSPS) and a stream of digitized data is fed in parallel into
the four PHA modules.

Two essential digital circuits were designed for the
triggering and peak-detecting for input pulses. The two
circuits were formed in the FPGA for the pulse height
analysis of a stream of digitized data. Figure 3(a) shows a
trigger circuit, which mainly consists of a comparator with
12 bits threshold voltages and two D-Flip-Flops. In case that
data from the ADC exceed the threshold voltage, they are
recognized as pulse signals to be analyzed. The threshold
voltage is determined by each student. Figure 3(b) shows a
peak detection circuit, which mainly consists of a 12 bits
comparator and a 12 bits register. The output of the register
is set to be the peak value of a pulse recognized by the
trigger circuit. The operation of these digital circuits is
synchronized with the clock (20 MHz) for the ADC.

These trigger and peak detection circuits are effective for
the saving of the resource of the FPGA. Table 1 shows the
maximum number of 12 bits PHA modules, which can be
formed in one FPGA. In this study, four PHA modules could
be maximally formed in the FPGA. As shown in Table 1,
more PHA modules can be formed in a higher grade FPGA
(e.g., EP3C5). The values in Table 1 were calculated by use
of the Quartus II Web Edition software (ALTERA Corp.).

Data on pulse height distributions are stored in the RAMs
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Fig. 2 Schematic drawing of FPGA circuit
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of the FPGA. Data in each RAM are renewed every time a
pulse is detected according to the condition of each trigger
circuit. Therefore, each PHA module works independently
and never gives an influence to the other PHA modules.
Even if a student sets a too small threshold voltage for the
trigger circuit and comes to have a pulse height distribution
affected with noises, other students can have suitable pulse
height distributions as long as they select proper threshold

voltages.
a ?Pulse Detect
Comparator
ADCJ12bit] D-Flip-Flo, D-Flip-Flop
Threshold[leit]q : : s . d d

> —>

clear clear

20MHz Clock P
Clear ~

(a) Trigger circuit

ADCI12bit] 12 bit Register
Cqmparator . Peak[12bit]
in  out

4E

enable

clear
Clear |

Detect Enable
20MHz Clock

(b) Peak detection circuit

Fig. 3 Digital trigger and peak detection circuits embedded in
FPGA

Table 1 The maximum number of 12 bits PHA modules,
which can be formed in one FPGA. “LE” means
Logic Element

The Maximum Number

FPGA Device Name Capacity of PHA Modules Used
2,910 LEs 1,520 LEs (53%)
Cyclone, EP1C3 4 modules
60 kbit RAM 58 kbit (94%)
Cyclone, EP3C5 5,136 LEs 4,563 LEs (89%)
; N 12 modules
(simulation only) 414 kbit RAM 168 kbit (41%)

3. Network Connection and User Interfaces

We added a web server circuit to the FPGA circuit in
order to connect the system directly to the Local Area
Network (LAN). A compact device server (XPort, Lantronix
Inc.) was employed for the connection to the LAN. In this
way, as shown in Fig.1, students in a lecture room (at a
remote site) can have access to the system for the radiation
measurement through the LAN and the Internet, and they can
measure radiations around a nuclear reactor (at a local site).
The time-sharing access is established in this system.

Figure 4 shows a view of an interface to control the PHA
module, and it is controlled with a PC at a remote site via the
Internet. The interface was developed by use of LabVIEW
(National Instruments Corp.). There are several buttons and
switches for the setting of the conditions of the PHA module
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in the left part of the page of the interface, and a view of a
pulse height distribution is displayed in the right part. On the
page of this interface, each student sets the conditions of
each PHA module according to the requirements of the
radiation measurement. Students can also save data on
measured pulse height distributions in their own PCs in a file
format of the comma separated value (csv). They can modify
the data with their spreadsheet software.
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Fig. 4 Web interface to control PHA module

I11. Performance Tests and Results
1. Performance of PHA Modules

Performance of the PHA modules can be roughly
evaluated through the energy spectroscopy for a standard
radiation source. Figure 5 shows an example of measured
results of the photon energy spectrum for an **' Am standard
source. The measurement was performed with a Si-PIN
detector (XR-100T, AMPTEK) followed by a shaping
amplifier (PX2T, AMPTEK) and the present PHA modules.
The position of the peaks and the values of the energy
resolution for the peaks agreed well with those measured
with the same detector and a commercially available
multi-channel analyzer (MCA-8000A, AMPTEK). Another
performance test for the PHA modules was done with a pulse
generator. In the measured pulse height distribution, the full
width at half maximum of the peak at a position of 1000
channel for signals from the pulse generator was less than 3
channels. It was confirmed from these performance tests that
the present PHA modules could be satisfactorily used as
convenient tools of the radiation spectroscopy for exercises
on a nuclear reactor.

Data stored in each PHA module are sent to each PC at a
remote site after the receiving of a request command from
each PC via the Internet. As for the communication speed, a
bottleneck is the translation speed between the
microcomputer and the Ethernet controller in Fig. 2. In the
present system, this bottleneck limits the total translation
speed to about 230 kbps. Figure 6 shows the relation
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between the access rate and actual busy rate of data
translation from the microcomputer to the Ethernet, and it
means that no wait occurs as long as the access rate is less
than 7 times per second. It should be noted that data on
measured spectrum are not affected by the busy rate because
the spectrum data are saved in the FPGA.
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Fig. 5 Measured photon energy spectrum for **'Am standard
source

70

60 .
= L]
S s - o
Q L .
§ 40 o
= 30
5 20 L]

10 + o

0 2 0 0 0 0600

0 5 10 15 20 25
access/sec

Fig. 6 Relation between access rate and actual busy rate of data
translation from the microcomputer to the Ethernet

2. Execution of E-Learning Type Exercises on Nuclear
Reactor

E-Learning type exercises on a nuclear reactor were
executed by use of the present system. Four students of
Osaka University (Suita city, Osaka) and four students of
Setsunan University (Neyagawa city, Osaka) had the
exercises. From each university, through the Internet, each
student had access to each PHA module placed near the
Kinki University Reactor (Higashi-osaka city, Osaka). Each
student in turn set the conditions of each PHA module and
acquired data on variation of neutron flux by use of a BF;
proportional counter and/or data on gamma-ray energy
spectrum by use of a Nal(Tl) scintillation counter. No access
error occurred for half a day of the exercises and it was
confirmed that the developed compact PHA modules could
be conveniently and successfully used for the neutron and
gamma-ray measurement for the e-Learning type exercises
on a training nuclear reactor.
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IV. Conclusion

We developed the compact and inexpensive module-type
PHA on the basis of the FPGA. In the radiation measurement
system with the present PHA, pulse signals from a radiation
detector followed by amplifiers are digitized by a
free-running ADC, and then a stream of their digitized data
is fed in parallel into the four PHA modules and is processed
independently in each PHA module. The new PHA modules
are directly connected to the Internet via LAN and they can
be conveniently and successfully used for the neutron and
gamma-ray measurement for the e-Learning type exercises
on a training nuclear reactor.
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