
 
 

NFA-09.07 
Electronic Simulator 

 
 
The NFA-09.07 Fission Chamber Simulator (FCS) is very useful at the calibration of nuclear 
channels. FCS output signals are similar to the nuclear detectors, and it is equipped with 
programs, making possible to generate different signals necessary for testing, 
troubleshooting individual elements of the neutron level measurement chain of nuclear 
instruments. By the aid of this instrument the neutron flux interacted fission chamber can be 
simulated very easily. It means that after the reactor and detector parameters are set 
accurately the signals appear at the pulse, ac and dc outputs follow very well the signals of a 
real detector. 
However the device can also simulate output signals of proportional counters, ionization 
chambers. 
To accomplish this aim FCS produces adjustable test signal levels in the 1.00E+00….1.00E+11 
nv range on its three outputs (PULSE, AC, DC). It also calculates the nominal power in %. 
The neutron flux time behaviour is either constant or changing exponentially. It means that 
except of stable state the output signals increase or decrease between the lower and upper 
limit value exponentially with a time constant of T.PER (period time)  
Using the 21-key pad and Vacuum Fluorescent Display (VFD) on the front panel you can set 
operating parameters of FCS.  
 
The FCS can be characterized as a special programmable pulse generator. 
 

Principle of Simulation  

The nuclear reactor is simulated by an internal generator. This generator calculate the 
temporally value of neutron flux in nv unit. In most reactors the dynamic range of neutron 
flux is 1.00E+00 to 1.00E+11 nv in detector position. 
Parameters of detector signals depend on the level of neutron flux. In pulse regime the 
frequency in ac regime the amplitude of ac current in dc regime the amplitude of dc current 
follows the nv value according to the following: 



 
1. In Pulse regime the frequency of simulated signal depends on the currently neutron flux 

according to the following: 
fPULSE = K1 * Φ 
where  
fPULSE   nominal frequency of pulse output   [Hz] 
K1  pulse sensitivity of simulated detector [Hz/nv] 
Φ  simulated neutron flux   [nv=N/m2 x s] 
 
The higher corner point of pulse frequency- neutron flux characteristics (PFLUX1 in Fig. 2) 
represents the pulse overlapping effects. It means that -depending on the collection time 
of detector- the output frequency saturates and not able increase its output frequency 
any more. The amplitude and width of pulses are constant during period of simulation. 
FCS allows setting 2 width (0.1 µs/1.5 µs) and amplitude (1μA to 10 μA, continuously). The 
frequency of pulse signal can be constant (noiseless) or stochastically changing 
(noisy).The stochastic signals are generated in digital manner. The frequency spectrum of 
stochastic signals has the following components:  
2 f0 with 0.5 relative weight, 
f0 with 0.25 relative weight, 
f0/2 with 0.125 relative weight, etc. 
 

2. In AC regime the amplitude of simulated ac current signal depends on the currently 
neutron flux according to the following: 
IAC = K2 * √Φ 
where  
IAC   nominal rms current at ac output  [µA] 
K2  ac sensitivity of simulated detector [µA /√nv] 
Φ  simulated neutron flux  [nv=N/m2 x s] 
 
The frequency of ac signal can be constant (noiseless) or stochastically changing causing 
fluctuation (noisy).The stochastic signals are generated in digital manner. A Pseudo-
Random Binary Sequence is a periodic, deterministic signal with white-noise-like 
properties. They are generated using an n bit shift register with feedback through 
exclusive-OR logic. While appearing random in actually the sequence repeats every 2n-1 
values. In particular, variations in response signals between two periods of the stimulus 
can be attributable to noise due to the periodic nature of the signal. Also, like white 
random binary noise it has an optimal crest factor. 
 
The lower corner point of current- neutron flux characteristics (AFLUX0 in Fig. 3) 
represents the summarized non-neutron generated noise (originating in electronic and 
detector). It means that -depending of the non-predicted noise signal the output current 
saturates and not able to decrease its amplitude any more. 
 
 
 
 
 



 

 
 

3. In DC regime the amplitude of simulated current signal depends on the currently neutron 
flux according to the following: 
IDC = K3 * Φ 
where  
IDC    nominal current of dc output   [µA] 
K3  dc current sensitivity of simulated detector [µA /nv] 
Φ  simulated neutron flux   [nv=N/m2 x s] 
 
The lower corner point of current- neutron flux characteristics (DFLUX0 in Fig. 4) 
represents the summarized non neutron generated current (originated from electronic 
and detector). It means that the output current saturates and not able to decrease its 
amplitude any more. 
The higher corner point of current- neutron flux characteristics (DFLUX1 in Fig. 4) 
represents the saturation of neutron-generated current. It means that the output current 
saturates and unable to increase its amplitude any more. 



PULSE output 

The PNOUT1 signal triggers the programmable monostable multivibrator. The output signal 
of MMV (PULSE OUT) controls a fast analogue switch (AN MPX), connecting the upper side of 
the PULSE output’s resistive divider chain alternately to a REF PULSE level and GND. This 
voltage signal is led through the polarity control stage to the PULSE output. A 200 kΩ resistor 
converts the voltage to current. 
 

AC output 

The PNOUT2/AC_OUT signal controls a fast analogue switch (AN MPX), connecting the upper 
side of the AC OUT alternately to a REF AC level and GND. A 200 kΩ or 2 MΩ resistor 
converts the voltage to current. 

 

DC output 

 
The current level of DC OUT can be set by the aid of internal or external voltage source and 
of the choice the sufficient internal resistor. This instrument can implement only noiseless 
current source. 
The current level can be set automatically and manually. The required control mode can be 
set by an 8 positions switch to be found on the front panel of NFL-04.07. 

 If the RESISTANCE CONTROL switch is in “Aut” position, both the resistance and 
voltage setting is going on automatically. In this regime the voltage of DAC 3 is lead to 
the input of 7 tag resistance network. Also automatically is choice the optimal 
resistance value. In this mode the current polarity on DC output is positive. 

 If the RESISTANCE CONTROL switch is in any of the 10 kΩ, 100kΩ, 1 MΩ, 10 MΩ, 100 
MΩ, 1 GΩ, 10 GΩ positions, the labelled resistance connects to the DC output. In this 
regime the voltage of VOLTAGE IN input is lead to the input of 7-tag resistance 
network.  
The voltage setting is going on manually. In most cases the VOLTAGE OUT is 
connected to VOLTAGE IN connector. A front panel potentiometer controls the 
voltage level in the range of 0 to 10 V. You can change current polarity by means of 
the front panel POLARITY switch. 

 

Front Panel Control Terminal 

The control terminal serves for 
1. Setting and displaying the simulator parameters. 
2. Displaying the current value of computed parameters. 
3. Choosing the required page. 
4. Start/stop functions. 

There are 21 knobs, 2 LED-s, a VF display with 4x20 characters to ensure the man-machine 
interfacing. 



5

5

-

3

3

2 0 0 k

IDIN

IC S 1

IDIN

IC S 3

0 , 1 / 1 , 5 u s

IC L K

IC S 2

R E F _ AC

P UL S E _ OUT

AGND

+

2 0 0 k

AGND

AGND

AGND

IC L K

IC L K

IDIN

DC _ OUT

AC _ OUT

R E F _ P UL S E

AGND

-

2 : 2 5

2 M

AGND

AGND

AGND

AGND

AGND

S OM

IC L K

IC S 3

IC S 3

S QW

P NOUT 1

R ANGE

M C KL DS C L K XC L K

IC S 3

IDIN

P NOUT 2

C KS W

1 0 k ,  1 0 0 k .  1 M ,  1 0 M , 1 0 0 M ,

1 G, 1 0 G

 
Block diagram 



TECHNICAL DATA 

 
PULSE, AC and DC outputs operate simultaneously. Output levels are set always by the 
(preset) nv values. 
The OPERATING MODES and other programmable parameters (e.g. output pulse amplitude, 
pulse frequency) can be selected by program. The following table shows in summarized form 
of the most important operating modes. 
 

Operation 
mode 

PULSE OUT AC OUT DC OUT 

0 Fixed frequency 
Fixed amplitude. 

Fixed frequency 
Adjustable amplitude 

Adjustable DC value 

1 Fixed average frequency 
Fixed amplitude 

Fixed average frequency 
Adjustable amplitude 

Adjustable DC value 

2 Exponentially swept 
frequency 

Fixed amplitude. 

Fixed frequency 
Amplitude follows the 

root-square rule. 

Exponentially swept DC 
value 

3 Exponentially swept 
average frequency 

Fixed amplitude 

Fixed average frequency 
Amplitude follows the 

root-square rule. 

Exponentially swept DC 
value 

 

Neutron Flux Simulation  

 
Neutron flux range 1.00E+00 to 1.00E+11 nv 
Time function Constant or exponential 
Exponential signal parameters  
 Starting level FLUX0 1.00E+00 to FLUX1 nv   settable 
 Stopping level FLUX1 FLUX0 to 1.00E+11 nv   settable 
 Time constant T.PER * 1.00E+01 to 1.00E+02 s  settable 
Neutron flux to power conversion  
 Scaling factor PW (K4) 1.00E-09 to 1.00E-07 %/nv  settable 

 
*Time constant for AC output always twice as much as for Pulse and DC one. 
 

Pulse Output (current) 

 
K1 scaling factor  1.00E-01 to 1.00E+02 pps/nv  settable 
Frequency   
 Range K1*nv ≥ 1 pps 
 Pulse width = 0.1 μs 1 pps to 2 Mpps  
 Pulse width = 0.3 μs 1 pps to 2 Mpps 
 Time distribution  Periodic, stochastic  
Higher corner point PFLUX1 1.00E+03 to 1.00E+07 nv  settable 
Pulse   
 Width 0.1 μs / 0.3 μs pulses   selectable 



 Amplitude  1 μA to 10 μA     
 adjustable 

 Polarity + or - (selectable) 
Voltage at the output Max. 1000 V (DC + AC) 
Connector type BNC 

 

DC Output  

 
K3 scaling factor  1.00E-11 to 1.00E-05 µA/nv 
Signal type Direct current 
Amplitude range 10 mV- 10 V 
Amplitude resolution 14 bits 
Serial resistance 10 kΩ, 100 kΩ, 1 MΩ, 10 MΩ, 100 MΩ, 1 GΩ, 10 GΩ 

(selectable manually or automatically) 
Lower corner point DFLUX0 1.00E+02 to 1.00E+11 nv   (settable) 
Higher corner point DFLUX1 1.00E+02 to 1.00E+11 nv   (settable) 
Connector type BNC 

DFLUX0 < DFLUX1 

 

AC Output (current) 

 
K2 scaling factor   1.00E-06 to 1.00E-01 µA/√nv   settable 
Signal type AC signal with settable amplitude. 
Amplitude range 0 to 25 μA RMS 
Amplitude resolution 14 bits 
Nominal frequency AFREQU 1.00E+04 to 5.00E+04 Hz   settable 

Stochastic or periodic 
Serial resistance 200 kΏ or 2 MΏ (internal) 
Lower corner point AFLUX0 1.00E+02 to 1.00E+05 nv  settable 
Voltage at the output Max. 1000 V (DC + AC) 
Connector type BNC 

 
The value of K2 scaling factor can be calculated from the following formula 
K2=√(S.B) 
Where 
K2  Scaling factor of AC signal     *µA/√nv+ 
S  Neutron sensitivity of detector in fluctuating mode [A2 /Hz*nv] 
B  Bandwidth of processing part    [Hz] 
 
In the following table K2 is calculated-as examples- for three different detectors and with 
tree different bandwidths. 



 

Detector type Neutron sensitivity Bandwidth [Hz] 
 [A2 /Hz*nv] 5.00E+04 1.00E+05 2.00E+05 

  K2 *µA/√nv+ 
CFUG 08 1.60E-25 8.94E-05 1.26E-04 1.79E-04 
CFUL 08 4.00E-26 4.47E-05 6.32E-05 8.94E-05 
CFUM 18 4.00E-27 1.41E-05 2.00E-05 2.83E-05 

 

V - Pulse output 

Specifications are the same, as in chapter 7.2, except 
 

Pulse amplitude  200mV to 2.0 V             adjustable 
Connector type Lemo S00 

 

V - AC Output  

Specifications are the same, as in chapter 7.4, except 
 

Amplitude range 0 V to 5.0 V RMS  
Connector type Lemo S00 

 


