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ABSTRACT: A pulse signal generator is designed to deal with the testing of the pulse counters for the meas-
urement of the neutron fluence rates. It contains a microcontroller and a pulse generator circuit which consist

of a high speed DA converter and a clock based on DDS to realize a square wave output

with a variable fre-

quency of 0~2MHz and a variable amplitude of 0~20VP-P. The test shows that it can work stability with a

high precision frequency.
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1 INTRODUCTION

In the start-up process of the nuclear reactors, the
neutron fluence rates measurement can be used to
monitor the state of the reactor and it is very im-
portant to the safety of the reactor. As the value of
neutron fluence rate varies from 102 to 10%° n/cm?s,
the measurement usually using the method of seg-
mentation (RF Fan et al, 2004). Counters are used to
record the pulse output from the neutron counter
tubes to calculate the neutron fluence rates when the
value of neutron fluence rates below 10% n/cm?s (CY
Liu et al, 2012) (Marcus Fedrizzi et al, 2015). A
neutron ionization chamber used to transform the
neutron fluence rates to a micro current output.

In order to test the circuit of the pulse counter, a
pulse signal generator with a variable frequent and
amplitude is designed in this paper (Y Wu, 2011)

(Hsinchuan Chen, 2008). According to the perfor-
mance parameter of the pulse counter, the frequency
of the pulse signal generator ranges from OMHz to
2.000MHz with a 1 KHz step and the amplitude
ranges from OVe-p to 20Vp-p.

2 CIRCUIT DESIGN

The pulse signal generator mainly consists of a mi-
crocontroller, a programmable clock, a pulse genera-
tor circuit and an output driver circuit. The micro-
controller used to accept the set parameter of the
user interface and control the programmable clock
and a pulse generator circuit. The Schematic dia-
gram of the pulse signal generator is described in
figure 1.
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Figure 1 Schematic diagram of the pulse signal generator

In this paper, we define the square wave as the
output waveform, and a DA converter DAC908 is
used to produce a square wave. As the DAC908 set
the output voltage at the rising edge of the clock, a
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square wave can be produced when the input code of
DAC908 changed between 0 to code D which relat-
ed to the amplitude at the two adjacent rising edges.
According to the principle of square wave genera-



tion, the DA converter needs to complete two times
conversation in every period. Because of the maxi-
mum frequency of the output are 2MHz and the pe-
riod of the 2MHz square wave is 250ns, the
DAC908 with the setting time of 30ns meet the re-
quirement. Therefore the clock range of DAC is

0~4.000MHz which is equal two times of the output
frequency.

In order to achieve the synchronous switching of
the input code of DA converter, a counter circuit
74HC393 and a latch circuit 74HC573 are used to
deal with the sequential logic which is described in
figure 2.
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Figure 2 Circuit of the pulse generator
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Figure 3 Sequential logic diagram

The output of 74HC393 divides the main clock to
0.5 times and connected to the output enable pin of
74HC573. When the 74HC393 output is “0”, the
code D will be transmitted by 74HC573 to the input
of DAC908.0therwise, the output of 74HC573 will
be pulled to “0” levels by the resistor network when
the 74HC393 output is “1”. As the rising edge of the
main clock comes to the middle time of every “0” or
“1” period of 74HC393 output, the output of
DAC908 alternate between 0 to Vp which corre-
sponded to code D at every to period of the main
clock. The sequential logic diagram is described in
figure3.
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Figure 4 The programmable clock circuit
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A DDS chip AD9851 is used to generate the main
clock ranges from OHz to 4MHz with a step of 2
KHz. An active crystal of 100MHz is used to be the
reference clock of the AD9851, and the interface
which connected to the microcontroller is set at SPI
mode to simplify the wire connection. In order to
improve the stabilization of the clock output, a pas-
sive filter is designed to reduce the phase noise of
the sine wave output and the inner comparator is
used to reshaping the sine wave to square wave. The
programmable clock circuit is shown in figure 4.

3 ALGORITHM DESIGN

The software design of pulse signal generator is
mainly about the code for the microcontroller. It
mainly contains the calculate method of the frequen-
cy tuning word and the system process controlling.

The PLL circuit in AD9851 is a 6 times multiplier
to raise the system clock with the power dissipation
raised up. In order to reduce the power dissipation, a
100MHz active crystal acts as the system clock with
inner PLL circuit closed.

The decimal value of 32-bit frequency tuning
words APhase are stored in four 8-bit registers. Ac-
cording to the principle of AD9851, the frequency of
the output signal fu is related to the system clock
fa and APhase which can be calculated as:

fout = (APhase x fin) / 2% (@D)]

As the system clock equals 100MHz, the foxCan
be further calculated as:

APhase = fout x85.899346 2)

The system process of the microcontroller mainly
contains the user interface detection, the frequency
tuning word calculation, the amplitude controlling
and the parameter display. The flowchart of the mi-
crocontroller is shown in figure 5.
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Figure 5 The flowchart of the microcontroller

4 CIRCUIT TESTING

A four channel pulse signal generator has been de-
veloped to confirm the pulse generator design, and a
digital storage oscilloscope TDS2012B is used to
test the output signal which is shown in figure 6.

Figure 6 Circuit testing

As the frequency setting parameter varies from
OMHz to 2.000MHz, the output frequency values
which measured by the oscilloscope are recording in
table 1. According to the result of the frequency test-
ing, the frequency error equals 0.01%.

Table 1 Frequency testing recording

Numble Frequency setting Frequency measured Error
(MHz) (MHz) (H2)

1 0.001 0.00100001 0.01

2 0.010 0.0100001 0.1

3 0.100 0.100001 1

4 1.000 1.00001 10

5 2.000 2.00002 20




5 CONCLUSION

The pulse signal generator designed in this paper can
generals a square wave with the amplitude and fre-
quency variable. The circuit can work steadily with
a high precision of frequency. However the pulse
width is equal to half of the periods, some pulse
counters need to set the pulse width to a fixed time.
A pulse signal generator with the pulse width adjust-
able will be developed in the next step.
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