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LOW COST DOSIMETER MODULE FOR MVA LUNAR LANDER MISSION

Understanding the lunar radiation environment is crucial for future space exploration missions, as the lack of atmospheric and 

magnetic shielding allows charged particles of varying energies and origins to penetrate the surface of the moon. In space radiation 

environments, it is common practice to use radiation dosimeters to measure absorbed dose and dose rate.

In this study, the payload will include a radiation dosimeter capable of measuring the radiation intensity at the landing site’s 

surface. The design concept and implementation of a radiation readout system for the real-time measurement of gamma absorbed dose 

and dose rate at the surface of the landing area for the MVA mission are based on a photodiode sensor that is commercially available 

and will be used as a gamma radiation sensor. The module experienced low levels of activity (Cs137, Co60, and Sr90). The performance 

of the photodiode-based module has been demonstrated by the Giger counter. Due to its low cost and high sensitivity, this radiation 

module would be clearly advantageous.
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1. INTRODUCTION

Future space research missions require a comprehen-

sive knowledge of the lunar radiation environment, as 

the lack of air and magnetic shielding allows charged 

particles of varying energies and origins to penetrate 

the lunar surface [3]. In space radiation conditions, 

the measurement of absorbed dosage and dose rate 

is a routine duty; this is achieved with equipment 

known as radiation dosimeters [7]. Using a multi-na-

tional team approach, different partners working on 

the payload system modules of the MVA lunar lander 

will create an image system for the MVA payload lu-

nar lander. System aims include getting a live stream 

of the Earth from the Moon, detecting radiation 

dosage and earthquakes on the Moon’s surface and 

transmitting this data back to Earth via satellite for 

the purpose of gathering scientific data, those sensors 

will be put on the platform in question. The radiation 

sensor module is being developed by the National 

Authority for Remote Sensing and Space Science, 
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which is a joint partner. In this project, the camera 

will have a radiation dosimeter that can measure the 

radiation intensity at the surface of the landing area. 

The radiation dosimeter data will be translated into 

“sound signals”, which can be used as an exciting ef-

fect with the image to create more publicity: “You 

can hear and see the lunar surface!” The device will 

detect gamma in the 10 keV — 1 MeV energy range 

using a low-cost photodiode sensor. This radiation 

module is an obvious winner due to its low cost and 

high sensitivity. PIN photodiodes have been used in 

a variety of works to detect radiation directly without 

the use of an expensive low-noise charge preamplifier 

[5, 6]. Low leakage photodiodes with entry windows 

that are thin enough to enable gamma radiation to 

pass through to the depletion zone have shown suf-

ficient energy resolution to be connected to inexpen-

sive preamplifiers for gamma radiation. Accordingly, 

there is a need for a low-cost, portable, and adaptable 

amplifier that could be attached to the detector. The 

most significant quality of the amplifier in such an 

application is not the energy resolution but the noise 

discrimination, because the detector will be utilized 

as a particle counter. We employed three PIN photo-

diodes in our design to enhance the active area of the 

sensor and, hence, minimize decimation noise.

2. METHODOLOGY

2.1. Sensor Selection. Due to its tiny sensitivity re-

gion, the PIN photodiode is an ideal radiation detec-

tor for our experiments. It’s simple to identify signals 

from tiny samples because the cosmic ray background 

is so low [4]. Bpw34s PIN photodiodes may be used 

to detect gamma rays that travel through its depletion 

layer and form numerous electron-hole pairs. When 

the diode is reverse-biased, virtually all of the charge 

carriers will be driven away, resulting in a tiny current 

pulse that can be amplified and processed [8]. Be-

cause the photodiode’s output signal has such a small 

amplitude, an instrumentation amplifier circuit with 

extremely low noise is required. Light must be fully 

eliminated when using a photodiode as a detector 

of gamma radiation because else the photocurrent 

would overwhelm the signal we are looking for [9].

2.2. Design Concept. Bpw34s, a commercially 

available PIN photodiode, has been used in this work 

to evaluate a small and unique dosimeter device. The 

concept of functioning is dependent on the electrical 

properties of the sensor being changed by radiation 

(i.e. the change of current flowing through the sen-

sor or the voltage across the sensor). Because of their 

tiny size and inherent sensitivity to ionizing radiation, 

photodiodes are frequently employed as radiation sen-

sors. From Pico-ampere to Micro-ampere, the photo-

diode’s output signal is a current. The output current 

is so little that it can’t be picked up by the sensor. As 

a result, the output signal must be amplified and the 

current converted into a proportional voltage using 

the Transimpedance amplifier TIA technique [10]. In 

order to digitize the TIA output voltage signals, there 

is always a trade-off between hardware resources, ex-

penses, and space and power consumption when se-

lecting a conversion approach. To capture the TIA’s 

output in digital signal processing (DSP), high-speed 

ADCs with sampling rates of up to 500,000 samples 

per second (sps) are used. The light detector’s output 

is digitized directly at even greater rates (> 250 Msps) 

in another digital technique. Pulse shape discrimina-

Figure 1. Design concept of the radiation dosimeter readout module
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tion, for example, necessitates the use of high-rate 

digitization to capture temporal pulse shape informa-

tion. Analog pulse height can’t be reliably calculated 

since the sampling time is so sluggish compared to the 

light pulse width. Using a peak detector (PKD) [2], 

a well-known analogue circuit that can convert tran-

sient voltage pulse heights into permanent voltage [1], 

is the best approach in this scenario. Serial Interface 

will receive the output data through RS232 and for-

ward it to the destination. Fig. 1 depicts the circuit’s 

overall design idea.

We chose the TL082 for TIA and LM358 for PDK 

for such design (2 pF) because of its excellent combi-

nation of low bias current, offset voltage, power con-

sumption, and wide bandwidth with feedback resis-

tor (50 k) and feedback capacitor.

The ATmega328-based Arduino Nano is a small, 

complete, and breadboard-friendly board (Arduino 

Nano 3.x). The Arduino Nano is organized using 

the Arduino (IDE), which is available for a variety 

of platforms. IDE is an abbreviation for Integrated 

Development Environment. An accurate clock fre-

quency is generated using an Arduino Nano.

2.3. The System Simulation Model. In general, 

there are three major steps for simulating the sensor 

readout board. Firstly, simulation of the photodiode 

output by a two-diode model Secondly, the transient 

impedance amplification (TIA) circuit, which works 

as a pre-amplifier for the signal produced by the 

photodiode. Finally, the peak detector PKD circuit 

counts the signal, which converts the transient volt-

age pulse heights into persistent voltages. The final 

output will be the input of the microcontroller, where 

microcontroller is used to count the detected signals. 

The simulation model of the sensor board is shown 

in Fig. 2. Simulation of the photodiode (Bpw34s) de-

pends on simulating the maximum output of the dark 

current in dark condition when the photodiode is re-

verse biased with 9 V. The output current of the pho-

todiode is (Ipd) the current output of the photodiode 

that connected between the ground and the invert-

ing input of the op-amp, it is approximately 70 μA as 

shown in Fig. 2. The design of the Transimpedance 

amplifier (TIA) process presented Cf and Rf are the 

feedback resistor (R
1
) and feedback capacitor (C

1
) 

respectively. The peak detector (PKD) circuit was 

used to remove the voltage drop across the diode.

2.4. Software Overview. The main task of the soft-

ware design is controlling the microcontroller to 

count the output signals in response to the radiation 

levels that pass through the photodiode to ensure an 

accurate counting result. Once the circuit is pow-

ered, the pulses are received by the microcontroller 

according to the radiation dose and counted; then, 

with an easy calculation, we can get the value of the 

radiation. The analog signal output of the (PKD) 

with pulse width is 250 microseconds and pulse 

height is 0—5 V is received by analog pin A1 of mi-

crocontroller. This pin works as ADC, so the signal 

converted to digital signal in range to 0—1024. This 

value compared with lowest level of volt induced by 

photodiodes when exposed to radiation sources. If 

the value is greater than threshold value the coun-

ter will start to count. The code we use for the board 

is counting pulses every one minutes. So we get the 

number of pulses by minute (CPM), then, according 

to the photodiode documentation we divide (CPM) 

by the conversion factor of the photodiode (0.0057) 

and we have the value of radiation in μSV/h. 

2.5. The System Testing. The sensor board must 

be tested by exposing the board to different types of 

Figure 2. The system simulation model of the gamma radiation 

readout module

Table 1. Radiation Sources

Source Energy Activity

Co60 (gamma) 2.8 MeV 1.0 C

Sr90 (beta) 1.17 MeV 10 C

Co60 (gamma) 1.3 MeV 2.8 mC

Cs137 (gamma) 662 keV 1 mC
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radiation, and compare the result of the system with 

the Geiger counter, the testing was done at Helwan 

university labs. Three radiation sources were chosen to 

the irradiation process are Cs137, Co60, and Sr90. The 

radiation sources and its activity is shown in Table 1.

Appendix 1 includes the Figures, which demon-

strate a) prototype of the sensor board, b) the sche-

matic design of the sensor board, c) final 3D design 

of the sensor board, and d) mechanical structure of 

the aluminum box.

3. RESULT AND DISCUSSION

3.1. Simulation Model. Firstly, the result of the simu-

lation model of the photodiode circuit shown at left 

of according to the photodiode characterization as 

“photodiode Bpw34s circuit Design”, the circuit sim-

ulated by current source in range of (1 μA to 70 μA) 

according to the amount of dark current correspond-

ing to reverse bias, shunt resistance (5 M ohm) and 

photodiode capacitance (30 pF) simulate the shunts 

inside the photodiode. Secondly, operational ampli-

Figure 6. The reading of the board (line 1) and Geiger counter 

(line 2) after irradiation to Co60 with activity 2.8 mC (E = 

= 1.3 MeV)

Figure 3. The reading of Bpw34s board (line 1) and Geiger 

counter (line 2) after irradiation to Co60  with activity 1 C 

(E = 2.8 MeV)

Figure 4. The reading of the board (line 1) and Geiger counter 

(line 2) after irradiation to Sr90 with activity 10 C (E = 

= 1.17 MeV)

Figure 5. The reading of the board (line 1) and Geiger counter 

(line 2) after irradiation to Cs137 with activity 1 mC (E = 662 keV)

fier (TL082) used in the Trans impedance amplifier 

(TIA) circuit with feedback resistor (50 k) and feed-

back capacitor (2 pF). Thirdly, the design of the peak 

detector designed by operational amplifier (LM358) 

and diode, in order to detect the output of Tran-

simpedance amplifier (TIA). There are three LEDs 

in the simulation indictor to the Bpw34s output dark 

current. Also there is a LCD to display the output 

voltage of the (TIA) and (PKD). There is LCD in or-

der to display the output voltage of the TIA and PKD 

voltage with the highest level of the illumination in 

order to define the threshold voltage value. 

As a result, the diode becomes forward biased and 

acts as a closed switch whenever the applied voltage 

signal exceeds the diode’s threshold voltage. Using a 

diode as a buffer, the circuit operates as a buffer cir-

cuit in this case. So, whatever input is applied to the 

positive terminal of the op-amp, the output terminal 

will receive.

The diode is forward biased during the first posi-

tive half cycle of the op-amp output. Concurrently, 
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the capacitor is charged to the input signal’s maxi-

mum peak value. The circuit is a voltage follower 

buffer circuit in this instance, as shown. Because the 

op-amp output is LOW during the first negative half 

cycle, the diode is biased in the other direction. As 

a result, the capacitor stores the maximum value of 

the input signal until the diode is once again forward 

biased. When the diode is reverse biased, the op-amp 

is in open loop condition and enters saturation, caus-

ing the capacitor to discharge into the R and the R to 

become saturated. Thus, a diminishing slope in the 

signal’s negative cycle was occurred. The output volt-

age of the TIA and PK changed, and so did the maxi-

mum output current. Accordingly, the maximum 

output current changed with the maximum voltage. 

The specifications of this photodiode dosimeter read 

outboard are presented in the Table 2.

3.2. Radiation Test. Both systems are exposed to 

different radiation sources as listed in Table 1. The 

comparison between the performance of both sys-

tems are discussed in the following subsections.

3.2.1. Irradiation with Co60 with low activity 0.1 μC. 
The results of exposing the Geiger counter and 

Bpw34s sensor board is shown in Fig. 3. The figure 

showed the count per minute (CPM).The photodi-

ode sensor sensing the low-level gamma radiation of 

Co60 with energy 2.8 MeV with low activity 0.1 μC. 

The Bpw34s sensor reading is saturated no signifi-

cant change was observed in the reading. The Geiger 

counter reading is oscillated and isn’t saturated. The 

Geiger counter is not sensitive to low dose of gamma. 

3.2.2. Irradiation with Sr90 with low activity 10 μC. 
The results of exposing the Geiger counter and Bpw34s 

sensor board is shown in Fig. 4. The figure showed the 

Count per Minute (CPM) and radiation accumulated 

dose in (μSV).The photodiode sensor sensing the low-

level beta radiation of Sr90 with energy 1.17 MeV with 

low activity 10 C. The Bpw34s sensor reading is more 

stable than Geiger counter which shown a fluctuation 

in the reading. The sensor can sense in MeV range. 

The CPM and the radiation accumulated dose is in-

creasing linearly with exposure time. 

3.2.3. Irradiation with Cs137 with high activity 1 mC. 
The results of exposing the Geiger counter and Bp-

w34s sensor is shown in Fig. 5. The figure showed the 

Count per Minute (CPM) and radiation accumulat-

ed dose in (μSV).

The photodiode sensor sensing the low-level beta 

radiation of Cs137 with energy 662 keV with high ac-

tivity 1 mC. The Bpw34s sensor reading is more sta-

ble than Geiger counter which shown a fluctuation in 

the reading. The sensor can sense in keV range. The 

CPM and the radiation accumulated dose is increas-

ing linearly with exposure time. 

3.2.4. Irradiation with Co60 with high activity 
2.8 mC. The results of exposing the Geiger counter 

and Bpw34s sensor is shown in Fig. 6. The figure 

showed the Count per Minute (CPM) and radiation 

accumulated dose in (μSV).

The photodiode sensor not sensing the high-level 

gamma radiation of Co60 with energy 1.3 MeV with 

Figure 7. Sensitivity of the sensor board (diamonds, line 1: N = 

= 0.1903E – 21.254; R2 = 0.9491) vs. Geiger counter (squares, 

line 2: N = 0.1734E + 59.448; R2 = 0.7993) 

Table 2. Photodiode sensor board specifications

Item Value

Radiation type Low level gamma ray (keV — MeV)

Board dimension 10  10 cm2

Interface Serial RS232

Power budget About 1 mW

Sampling rate 250 ksps

Sensitivity 19 Count/keV

Mechanical interface Albox with dimension16  17 cm

Weight 50 g without batteries
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high activity 2.8 mC. The Bpw34s sensor reading is 

saturated on 915 CPM. While the Geiger counter 

reading is fluctuation is less than at low level activa-

tion. The sensor cannot sense in the high MeV range. 

3.2.5. The system sensitivity. In order to calculate 

the sensitivity () of photodiode sensor and Geiger 

counter, it is defined as ratio of number counted n by 

sensor to the exposed radiation energy:  

 = n/E.

The CPM for each source is counted after 10 min 

accumulated dose.

As shown in Fig. 7, the sensitivity of the Geiger 

counter is 17 CPM per mR hr-1 while, the sensitivity 

of the Photodiode sensor is 19 CPM per mR hr-1. The 

sensitivity of the photodiode sensor is 17 CPM per 

mR hr-1, Range of energy measurement is keV to MeV. 

Through this project the design and implementation 

and testing for radiation sensor readout board based 

on photodiode are presented and described in details. 

Appendix 2 includes the Figures, which illustrate 

a) software’s flow chart, b) simulated circuit after 

testing, and c) the final output of the circuits with 

function generator.

4. CONCLUSIONS

Through this work the design, implementation and 

testing for radiation photodiode sensor readout 

board are presented and described in details. A sys-

tem consisting of a transimpedance amplifier (TIA) 

and a peak detector (PKD) circuit for use with a 

Bpw34s PIN photodiode was developed with the goal 

of producing a low-cost system that can be used in 

the detection of low energy levels of gamma rays (via 

Arduino-Nano).The specifications of the system was 

determined, the board area is 100 cm2, the interface 

is Serial RS232, the power needed is 1 mW and the 

sampling rate is 250 ksps.

The performance of the system for the detection 

of gamma rays was determined using a Co60, Cs137, 

and Sr90 radiation source. In comparison with Geiger 

counter, the photodiode reading is more stable than 

Geiger counter. The sensitivity of the Geiger coun-

ter is 17 % while, the sensitivity of the Photodiode 

sensor is 19 %. The photodiode can sense in range 

from keV to MeV. When the photodiode sensor ex-

poses to Co60 with high activity 2.8 mC the reading 

is saturated. The photodiode is more reliable at low 

activity. The designed circuit can work as an Beta and 

Gamma counter. Indeed, it could be used in a lunar 

mission after more space environment qualification 

tests.
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НИЗЬКОСОБІВАРТІСНИЙ ДОЗИМЕТРИЧНИЙ МОДУЛЬ ДЛЯ МІСІЇ MVA LUNAR LANDER

Знання радіаційного середовища Місяця має вирішальне значення для майбутніх місій дослідження космосу, 

оскільки відсутність атмосферного та магнітного екранування супутника дозволяє зарядженим частинкам різної 

енергії та походження проникати на його поверхню. У дослідженнях космічного радіаційного середовища загальною 

практикою є використання радіаційних дозиметрів для вимірювання поглиненої дози та її потужності. У цьому 

дослідженні корисне навантаження включатиме радіаційний дозиметр, здатний вимірювати інтенсивність радіації 

на поверхні місця посадки. Концепція дизайну та реалізація системи зчитування рівня радіації для вимірювань в 

режимі реального часу поглиненої дози гамма-випромінювання та потужності дози на поверхні зони приземлення 

для місії MVA базуються на фотодіодному давачі, який є комерційно доступним і використовуватиметься як давач 

гамма-випромінювання. Модуль протестовано на низькому рівні радіоактивності (Cs137, Co60 та Sr90). Працездатність 

модуля на основі фотодіода перевірено за допомогою лічильника Гейгера. Низька вартість та висока чутливість такого 

модуля визначення рівня радіації є його суттєвими перевагами.

Ключові слова: місяцехід, радіаційний дозиметр, фотодіодний сенсор, TIA.




