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Abstract: Photodiode BPW34 is operated as a low voltage counter tubes. When the radiation rays go
into the BPW34,they will create a pairs of electron and hole. If setting the reverse bias in to the
BPW34, a pulse is achieved and it can be amplified and processed. The STM32 is the microcontroller
family which is developed base on ARM processors. The STM32 incorporated many new features
such as ADC, I2C, etc. With the connectional ability to other devices, the STM32 is proving its’
advantages in the development of equipment.The application of irradiation technology in the economy
- society increases widespread asfood irradiation, mutant irradiation, etc. Until now the calculation the
high dose rate at Hanoi Irradiation Center is identified by the Fricke, ECB dosimeters. The dosimeters
must be destroyed in order to serve for dose rate determination. Manufacture research the equipment
for dose rate calculation support to determine dose ratedirectly through the equipment’s signal and this
equipment can be used multiple. Thisequipment can be connected to other devices to control the
irradiation process better via signals.
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1. INTRODUCTION

A photodiode is a semiconductor device that converts light into current. The current is
generated when photons are absorbed in the photodiode. Photodiodes may contain optical filters,
built-in lenses, and large or small surface areas. Many diodes are specifically designed as
photodiode which uses a PIN junction rather than a p–n junction, to increase the speed of response.
A photodiode is designed to operate in reverse bias. The PIN photodiode BPW34 worked similar to
counting tubes. Alpha particles will be stopped in the plastic layer of this device, while the X-rays
and gamma rays will create pairs of electrons and holes. If the diode is operated in reverse bias so
the charged particles will be moved and created an electrical signal. This electrical signal will be
amplified and processed. One advantage of using photodiode is receiving radiation area is quite
small, the effect ofcosmic rays to background is very low, so the detection of signals from small
samples will be easier than using a counting tube. When using the BPW34,the cover is
consideredcarefullybecause the fact that the BPW34 is very responsive to light. The circuit will be
triggered when the lights are turned on in the room. Some tests are shown thatthe BPW34is very
responsive to light. The circuit is acted as a gamma source. Therefore, the BPW34 must cover from
any light source.

STM32 is a family of 32-bit microcontroller integrated circuits by STMicroelectronics. The
STM32 chips are grouped and developed base on the same 32-bit ARM processor core, such as
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Figure 1: Photodiode PIN BPW34

Cortex-M7, Cortex-M4F, Cortex-M3, Cortex-M0+, or Cortex-M0. Internally, each microcontroller
consists of the processor core, static RAM memory, flash memory, debugging interface, and various
peripherals. The STM32F103C8T6 isone of the first groups of STM32 microcontrollers based on
the ARM Cortex-M3 core.

Key features of the STM32F103C8T6:

- ARM® 32-bit Cortex®-M3 CPU Core: 72MHz

- Memories: 64KB Flash and 20KB SRAM

- Clock, reset and supply management: Internal 40 kHz RC, 32 kHz oscillator for RTC with
calibration…

- Low-power: Sleep, Stop and Standby modes.

- 2 x 12-bit ADC

- Debug mode: JTAG, SWD

- Communication interfaces: I2C, UART, USB, SPI…

- Timers: Watchdog, Systick…

Project target is based on photodiode BPW34 researches in radiation detection together
STM32 microcontroller which have many features to manufacture doserate calculation equipment
in high radiation medium at Hanoi Irradiation Center (HIC). This equipment can be used to
calculate the dose rate for experiment samples, the goods which are irradiated in HIC directly.

2. EXPERIMENTAL

2.1. Block diagram of equipment

When the radiations enter the BPW34 Module, they are going to create the current signal.
This signal will be amplified and converted from the analog signal to digital by ADC on
Microcontroller Module. The microcontroller module receives signals then it will calculate dose
rate base on the baseline of equipment. This dose is transferred to PC by UART Module.
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BPW34 Module

2.2. BPW34 Module

When the radiation rays enter the BPW34, it will create a pairs of electrons and holes. If the
reverse bias is set to the BPW34, it will create a current in BPW34. This current will be converted
to voltage via preamplifier. The preamplifier of module is designed by CA3140 IC. The value at V6

will be changed to depend on the current in photodiode D2. V6 is calculated as below:

V6=V3 + ID.R1

where: V3, V6 are the voltages at 3 and 6 pins of IC U2.

ID is the current on the photodiode D2.

So when measuring the voltage V6,the energy lost in photodiode BPW34 can be identified
then the dose ratecan be calculated.

2.3. Microcontroller Module

The center of the microcontroller module is STM32F103C8T6. It uses ADC pins to connect
with the BPW34 module to receive signal. After receiving and processing signal, this module will
measures dose rate base on the baseline of equipment and transfer it to PC via UART module.

Figure 3: BPW34 Module

Figure 2: Block diagram of equipment

Figure 4: Microcontroller Module
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2.4. UART Module to PC

The equipment is connected to PC via UART standard.Nowadays, most PCs do not support
the UART port so the equipment has been connecting to PC via UART module with PL2303
controller. The PL2303 controller is a controller to convert UART standard to USB standard and
vice versa.

2.5. Software

The software of equipment is developed by C language on the Keil-C MDK-ARM-STM32
tool. This tool has built-in IDE, complier and debugger.

The algorithm diagram of software:

When the program is started, the functions are initialization about GPIO, ADC and UART of the
microcontroller are called. After the initialization is success, the program is going to acquire data
from ADC, decode data, match to the baseline of equipment and measure to dose rate and finally
transfer data to the PC.

Figure 6: The algorithm diagram

Figure 5: UART Module
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3. RESULT AND DISCUSSION

3.1. Baseline

Baseline of equipment is built on the theoretical simulation calculations at Hanoi Irradiation
Center. After obtaining the simulation calculations, the equipment is placed at the positions which
were calculated with different dose rate to test voltage values.The baseline of equipment is built
from obtained values.

Table 1: The theoretical simulation calculation

Table 2: Results to test

Dose rate (kGy/h) Voltage (mV)
Voltage after

backgroundsubtraction(mV)

0 1580 0

0.1 1753 173

0.3 1827 247

0.5 1913 333

0.7 2002 422

1.0 2075 495

1.5 2160 580

The baseline of equipment:

Figure 7: Baseline
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3.2. Test with dosimeter

The testsuse the dosimetersare similar to the tests to build baseline of equipment. The purpose
of this process is comparing the results of equipment and standard dosimeters which areused in
Hanoi Irradiation Center. In every test, two Gammachrome YR dosimeters are put into the
equipment. After that, the equipment is placed in the position which dose rate was calculated as
above simulation. When the test completed, the dosimeter is moved to laboratory in Hanoi
Irradiation Centre to calculate the corresponding dose rate and compare with the results of
equipment.

Table 3: The results of test by dosimeters

Dosimeters (kGy/h) Equipment (kGy/h)

0.42 0.54

0.64 0.73

3.3. Equipment

A test equipment have manufactured with the following specification:

 Dose rate range: 0.1 kGy/h to 2 kGy/h
 Input voltage: 5V
 Battery: 2600 mAh
 Interface: USB, UART’

CONCLUSIONS

4. CONCLUSIONS

The results shown that the equipment can be used to measure the dose rate in the medium of
high radiation doses in order to quickly and accurately determine the dose rate for the goods are
irradiated at the Center, even though the equipment was not measurable the higher dose rate as
previous registrations.
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