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1. Introduction 

 
The Ex-core Neutron Flux Monitoring System 

(ENFMS) is a key instrument that measures neutron flux 

in real time to maintain thermal power and neutron field 

balance, and it must reliably cover a dynamic range of 

more than twelve decades across start-up, intermediate, 

and full-power operating regimes[1]. Figure 1 illustrates 

these operating regions, showing how neutron flux and 

reactor power span from start-up through full power, 

thereby requiring ENFMS to maintain accurate 

monitoring across an exceptionally wide dynamic range. 

However, obtaining diverse output-condition signals 

from an actual reactor environment for rigorous ENFMS 

performance verification is hindered by radiation 

exposure risks, limitations in reproducing transient 

conditions, and a lack of data in certain ranges, restricting 

both safety and repeatability. In particular, a flexible 

hardware-based signal source is required that can 

precisely reproduce a wide variety of waveforms while 

matching the input characteristics of the device under test. 

To address this challenge, This study proposes a signal 

generator implemented on a Field Programmable Gate 

Array (FPGA) to create a safe and repeatable ENFMS 

verification environment, enabling faithful reproduction 

across all operating regimes and facilitating systematic 

and quantitative performance evaluation. 

 

2. Background 

 

2.1 Single Pulse Modeling 

 

A fission chamber generates an instantaneous charge 

when a radiation particle enters [2], which appears in the 

electronic circuit as an asymmetric pulse with a rapid rise 

and gradual exponential decay. This behavior can be 

described by the single-tail pulse model in (1). 

𝑖𝑞(𝑡) = 𝐴𝑚𝑎𝑥 × (𝑒−𝑡/𝑇𝑓  − 𝑒−𝑡/𝑇𝑟)                (1) 

Here, 𝑇𝑟  and 𝑇𝑓  are the rise and decay time constants, 

and 𝐴𝑚𝑎𝑥 is the maximum amplitude. The model applies 

to both neutron and gamma-ray signals, but neutrons 

generally yield longer decay times and larger amplitudes, 

while gamma rays produce faster, smaller responses. 

Their pulse responses are given in (2). 

 

Fig. 1. Variation of Neutron Flux with Reactor Power 

𝑖𝑛(𝑡) = 𝐴𝑛,𝑚𝑎𝑥 × (𝑒−𝑡/𝑇𝑛,𝑓  − 𝑒−𝑡/𝑇𝑛,𝑟), 

𝑖γ(𝑡) = 𝐴γ,𝑚𝑎𝑥 × (𝑒−𝑡/𝑇γ,𝑓 − 𝑒−𝑡/𝑇γ,𝑟)            (2) 

In these expressions, the subscripts n and γ indicate neu-

tron and gamma signals, and the parameters are assigned 

through random sampling to reflect the stochastic nature 

of pulse generation in reactor environments. 

 

2.2 Multiple Pulse Modeling 

 

In a real reactor, pulses are emitted at random intervals 

rather than in isolation, so the detector output is a super-

position of many pulses along the time axis, modeled as 

in (3). 

𝑖𝑄(𝑡) = ∑  [𝑖𝑛(𝑡 − 𝑡𝑖) +

𝑁

𝑖=1

𝑖γ(𝑡 − 𝑡𝑖)]              (3) 

Here, N is the total number of pulses within the observa-

tion period, and 𝑡𝑖 denotes the occurrence time of each 

pulse. The number of pulses is proportional to the reactor 

power 𝑃(𝑡) and is typically expressed in counts per sec-

ond (CPS). This relationship can be written as (4). 

𝑁(𝑡) = 𝑘 × 𝑃(𝑡)  [𝑐𝑝𝑠]                     (4) 

The proportionality constant 𝑘  represents the average 

number of pulses generated per unit reactor power per 

second, and its value may vary depending on detector ef-

ficiency, measurement conditions, and temporal resolu-

tion. The multiple-pulse model therefore reflects the sta-

tistical nature of reactor signals and provides a basis for 

quantitatively evaluating the dynamic range and signal 

processing performance of the ENFMS. 

  



 

 

3. Proposed Architecture 

 
The overall architecture of the proposed signal gener-

ator for ENFMS verification consists of three main parts: 

Host Interface, Signal Processing, and DAC Interface. 

The Host Interface connects the user PC to the FPGA via 

Ethernet, transmitting control commands and reactor 

power data. The Signal Processing block in the FPGA 

generates synthetic signals: a True Random Number 

Generator (TRNG) determines pulse times, and a Gauss-

ian Random Number Generator (GRNG) produces pulse 

parameters (𝑇𝑟 , 𝑇𝑓 , and 𝐴𝑚𝑎𝑥). These parameters drive 

the Neutron and Gamma Pulse Generators, which create 

individual pulses that are accumulated in dedicated mod-

ules and then combined into a complete signal. While 

both channels share the same architecture, their parame-

ter distributions differ to reflect the physical characteris-

tics of neutrons and gamma rays. The DAC Interface 

converts the synthesized digital signal into an analog 

waveform. Data stored in memory is transferred via 

DMA, with the FIFO providing buffering and rate 

matching. The UPACK module unpacks channel data, 

the Tx Layer formats it for transmission, and the 

JESD204B interface delivers it to the DAC. Finally, the 

DAC outputs the analog waveform to the ENFMS input, 

providing a safe and repeatable verification environment 

that emulates reactor conditions 

 

4. Experimental Results 

 

The experimental environment is shown in Figure 2, 

where the signal generator was implemented on a Xilinx 

KCU105 FPGA board connected to an Analog Devices 

FMCDAQ2 DAC. Figure 3 shows single neutron and 

gamma-ray pulses generated by the FPGA, where neu-

trons exhibit longer decay and larger amplitude, while 

gamma rays show faster decay with smaller amplitude. 

These differences reflect the physical properties of parti-

cle interactions in the detector, validating the modeling 

approach. Figure 4 presents oscilloscope measurements 

of the DAC output through the JESD204B interface, con-

firming that these differences are preserved after digital-

to-analog conversion. The results demonstrate that the 

proposed FPGA-based generator maintains high fidelity 

in reproducing neutron and gamma-ray signal features 

for ENFMS verification, ensuring consistency between 

simulation and hardware. 

 

5. Conclusion 

 

This work presented an FPGA-based signal generator 

for ENFMS performance verification. Experiments with 

a Xilinx KCU105 FPGA and FMCDAQ2 DAC con-

firmed that neutron and gamma-ray pulses preserved 

their distinct characteristics after digital-to-analog con-

version. The results demonstrate that the proposed sys-

tem can reliably emulate reactor signals, enabling safe 

and repeatable ENFMS evaluation without reliance on 

actual reactor environments. 

 

 

Fig. 2. Experimental Environments 

 

 
Fig. 3. FPGA-Generated Neutron and Gamma Pulses at Reactor 

Power of 10⁻⁸ % 

 

Fig. 4. DAC Output of FPGA-Generated Neutron and Gamma 

Pulses 
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