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We have developed an embedded Data AcQuisition (DAQ) board which has an Ethernet controller and a charge integrator. We could monitor the beam pro le outside the beam line by using
this system with an Ethernet connection. This embedded DAQ board consists of a microcontroller
a network controller, eld programmable gate array (FPGA) and a currentstodigital converter
with a wide dynamic range, a variable integration time and a 20-bit resolution. The board was
tested with a proton beam by using the MC-50 cyclotron at the Korea Institute of Radiological
and Medical Sciences. The board was connected to a homemade ion-chamber and it took the
currents signal from the ion-chamber directly. The signals were integrated by using the charge
integration function of the board. The data were recorded through the Ethernet connection by
using a personal computer. We monitored the beam condition with di erent beam currents from
1 nA to 10 nA We could successfully measure the dose of the 45-MeV proton beam with various
beam currents by using this charge integration embedded DAQ board.
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I. INTRODUCTION

This paper discusses the rst result for a prototype
charge-integration embedded board for proton beam
monitoring. We developed a proton beam ux monitoring system by using a counting board with a single
crystal scintillator attached with a photomultiplier tube
[1, 2]. The counting method is to measure the number
of particles from the scintillator signal accurately. With
rising particle ux, the counting method has increasingly
diculty in distinguishing individual charge pulses and
the number of unregistered events increases. A second
defect is the thresholds [3]. The counting board measure only signals above the threshold, which means that
measurements of the particle count rate do not yield any
spectral information other than the minimal energy determined by the threshold. Thus, we developed another
DAQ board by using the currents integration method.
We developed the charge integration embedded system
based on the atmega128 microcontroller. The previous
integrator had some problem with incorrect integration
time, noise performance and clock synchronizing, so we
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revised the charge-integration embedded system based
on a eld programmable gate array (FPGA). The FPGA
has a good function of generating the integration time
and has a clock synchronizing with system clock more
than that of a microcontroller. We built a revised of a
integrator with better noise performance.
The integration board measured the currents in the
detector. The currents correspond to the total deposited
energy in the detector during a given period. The integrator works well when measuring large signal currents.
We developed a low-noise (3 fA), wide-dynamic-range
(106 ) charge integration DAQ board based on a 20-bit
resolution integrator chip and a FPGA chip. It is a
standalone and potable system. It also has a function of
Ethernet communication, what can be safely used outside heavy radiation environments. It can be used with
on dose monitoring detector in the proton or the electron
beam line, in hash radiation environments, gamma and
cyber knives and in proton therapy, as well as computed
tomography. We tested the board with a homemade ion
chamber in the MC-50 cyclotron of the Korea Institute
of Radiological and Medical Sciences and we report the
test results in this report.
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Fig. 1. Block diagram of the PCIEDB.
Table 1. Dynamic range selection of the DDC112.
Input range (pC)

CF (pF)
External
12.5 to 250
12.5
25
37.5
50
62.5
75
87.5

Up to 1000
{0.2 to 50
{0.4 to 100
{0.6 to 150
{0.8 to 200
{1.0 to 250
{1.2 to 300
{1.4 to 350

Range 0

Range 1

Range 2

0

0

0

1
0
1
0
1
0
1

0
1
1
0
0
1
1

0
0
0
1
1
1
1

Table 2. Integration time selection of the DDC112.
Memory Map Value
Integration Time (ms)

0
0.5

1
1

2
2

3
4

II. EXPERIMENTS

1. The Speci cations for the Portable Charge
Integration Embedded DAQ Board (PCIEDB)
The PCIEDB contains two basic elements: the FPGA
and a dual currents input 20-bit analog-to-digital converter (DDC112, by Texas instrument Co.) [4]. A
block diagram of the board is shown in Figure 1. The
DDC112 contains two identical input channels, where
each performs the function of currents-to-voltage integration, followed by a multiplexed analog-to-digital conversion. Each input has two integrators so that the currentsto-voltage integration can be continuous in time. The result from the integrator is stored in a serial output shift
register. The digitized currents signal from the DDC112
is processed by using the digital circuit implemented in
the FPGA.
The DDC112 has a dual input, a wide dynamic range
and a charge-digitizing analog-to-digital convertor with
20-bit resolution. Charge integration is continuous as
each input uses two integrators so that while one is being digitized, the other is integrating. For each of its two

4
8

5
16

6
32

7
64

8
128

9
256

10
512

inputs, the DDC112 combines currents-to-voltage conversion, continuous currents integration, programmable
full-scale ranges, digital noise lter for noise reduction
and external integration capacitors allow an additional
user-settable full-scale range of up to 1000 pC. The value
of the integrator's feedback capacitor, the integration period and the reference voltage determine the positive fullscale (+FS) range of the DDC112, which is given by the
equations below. The negative full-scale ({FS) range is
approximately 0.4 % of the positive full-scale range. The
maximum measureable currents is given by
IFS = (0:96)  VREF  CF =TINT
= Input range(pC)=TINT ;
where TINT is the charge integration time. It has a
range from 50 s to 1 s in a non-continuous mode and
from 500 s to 1 s in a continuous mode. CF is the value
of the integrator's feedback capacitor. Table 1 shows
seven di erent capacitors available on a chip for each
side of each channel in the DDC112. The \0.96" factor
allows the front-end integrators to reach full scale to the
ground. The VREF is the external voltage reference,
which is used to reset the integration capacitors before
an integration cycle begins. Table 2 shows the setup of
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Fig. 3. Picture of the PCIEDB.

Fig. 2. Graphic user interface software for the PCIEDB.

each di erent integration time. A detailed description of
the DDC112 chip can be found in Ref. 4.
We used an XC3S200 chip made by XILINX Co. [5] to
control the DDC112 and the W3150A. The FPGA logics consist of the data control and the DDC112 control
functionality. We could change the integration time and
the dynamic range to use these functions. The FPGA
also drives the TCP/IP interface (W3150A+) to communicate with the outside world via 10T/100T Ethernet.
The sustained maximum throughput of this interface is
measured to be 3 Mbytes/s. A MCU (ATMEGA32) is
included in the charge integrator board for downloading
the FPGA, whose rmware is stored in a ash memory.
The FPGA rmware and Ethernet parameters, such as
MAC address and IP address, can be updated using the
RS-232 port in the MCU [6]. A photograph of the charge
integrator board is shown in Figure 3. The physical dimensions of the charge integrator board are 12 cm  7
cm. The board is powered by a single +9-V DC power
supply.
The monitoring data were transmitted to a laptop
computer through Ethernet and saved in an ASCII le
format. As shown Figure 2, the online DAQ software was
programmed so that it was easy to control the board and
to take data.

2. Experimental Setup
The 50-MeV proton beam test facility at the MC50 cyclotron of the Korea Institute of Radiological and
Medical Sciences (KIRAMS) was established by the
PEFP (Proton 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 low- ux proton beams,

Fig. 4. Picture of the homemade ion chamber.

104  1010 /cm2 sec [7]. The beam line is composed
of a collimator, a vacuum tube for beam drift, bellows
for easy alignment, a beam pro le monitor (BPM), an
exit window for an external beam, a phosphor screen,
a scattering foil, an energy degrader, a target stage, an
irradiation uniformity measurement system, a dose measurement system, an energy measurement system, etc.
A detailed description of the PEFP beam line can be
found in Ref. 7. We used a 45-MeV proton beam to test
the homemade ion chamber and the PCIEDB. Figure 4
shows the experimental setup of the proton beam line for
proton beam ux monitoring.
Several of the oldest and most widely used types of radiation detectors are based on the e ects produced when
a charged particle passes through a gas [8,9], so we made
an ion chamber, which was connected to the PCIEDB
with a common ground and which are supplied by a 200V positive high voltage. The ion chamber was made of
aluminum Mylar with a thickness of 100 m and a diameter of 2.5 cm. Two pieces of Mylar were attached
to both sides of a cylindrically shaped Te on container.
It was lled with air and the distance between the two
pieces of Mylar was 6 mm. Figure 5 shows a picture of
the ion chamber. This ion chamber can be put in front
of proton irradiation samples without interference with
protons because protons loose little energy when they
pass through the ion chamber.
The PCIEDB was shielded by the aluminum foil to
reduce the noise. We measured di erent of beam cur-
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Fig. 7. Measured charge of the 1-nA proton beam with
di erent integration times.
Fig. 5. Picture of the experimental setup. The ion chamber is in the beam line with a 2-mm collimator.

Fig. 6. Noise distribution of the PCIEDB.

rents and tested the integration time of the board. We
controlled the board and took data from outside the radiation area through the Ethernet connection. It's portability allowed us to use it in the eld for radiation monitoring.

III. TEST RESULTS

First, the noise level of the PCIEDB was tested without any connection. The charge integration time was set
to 512 ms and the full dynamic range was set to 50 pC.
As shown as Figure 6, the root mean square (RMS) noise
was 21. Then, we calculated the noise level with the full
dynamic range and the noise level was found be 2 fC,
which is an extremely low noise level for currents integration and can be translated to a 3 fA noise level when
we consider the charge integration time. The currents
dynamic range of the board can be estimated from Ta-

bles 1 and 2. The maximum charged integration range
can be set up to 1000 pC and the minimum currents
integration time can be set to 0.5 ms. The maximum
currents setting can be estimated to be 2 A. Above the
noise level, we can measure the currents from 3 fA to 2
A and the dynamic range is about 106 , which shows the
excellent performance of the board.
A 45-MeV proton beam with a currents range from
1 to 10 nA irradiated the ion chamber and data were
taken in the control room. To check the linearity of the
board dynamic range, we measured a 45-MeV proton
beam with a 1 nA currents with the ion chamber and
with di erent integration times. When the integration
time was increased, the output value increased linearly.
When the integration time was changed from 0.5 to 32
ms, the measured charge increased linearly, as shown in
Figure 7. The data were tted with a least-square t and
showed good linearity. However, the slope of the charge
along with the integration time varied channel by channel
and chip by chip, which means that each channels of
the charge integrator has to be calibrated for currents
response and pedestal subtraction.
To check the performance of the PICEDB, we monitored the ion chamber currents with the developed board
and a commercial picoammeter (Keithley 6517) when it
was irradiated at a proton beam currents from 1 to 10
nA. Figure 8 shows the measured currents between picoammeter versus our board. It shows good linearity
with the least-square t and the slope was tted to 0.982
with a 2 % error.
Finally, the PICEDB was used for the currents measurement of the ion chamber at a proton beam currents
from 1 to 10 nA in 1 nA steps. As shown in Figure 9,
the measured ion chamber currents increased when the
beam currents increased, but it does not show linearity at low proton beam currents. Since we showed that
our board has low noise and good linearity, this may be
caused by inaccurate measurement of the beam currents
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currents to up to 2 A. It was also compared with a
commercial picoammeter and showed good performance.
We successfully the tested charge integrator board with
a homemade ion chamber for the 45-MeV proton beam
from the MC-50 cyclotron at the Korea Institute of Radiological and Medical Science. The currents from the
ion chamber when was irradiated proton was monitored
through the Ethernet communication for monitoring outside the proton beam line The developed board will be
used for beam pro le monitoring when it is coupled with
beam monitoring detectors by using the currents integration mode in the KOAMC beam line in the near future.

Fig. 8. Measured currents between of the picoammeter
versus the PICEDB.
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