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INTRODUCTION 

Among the newest emerging technologies that are used in the design of personal gamma radiation detection 

instruments, the silicon photomultiplier (SiPM) light sensor is playing an important role. This type of photo 

sensor is characterized by low power consumption, small dimensions and high gain. These special 

characteristics present applicable alternatives for the replacement of traditional gamma sensors based on 

scintillator coupled to Photomultiplier tubes (PMT) or on Geiger-Muller(G.M.) sensors. For health physics 

applications, flat energy response is required for a wide range of radio-nuclides emitting gamma rays of 

different energies. Scintillation based radiation instrumentation provides count rate and amplitude of the 

measured pulses. These pulses can be split in different bins corresponding to the energy of the measured 

isotopes and their intensity. The count rate and the energy of the measured events are related to the dose rate. 

The conversion algorithm applys a different calibration factor for each energy bin in order to provide an 

accurate dose rate response for a wide range of gamma energies. This work describes the utilization of an 

innovative approach for dose rate conversion by using the abilities of newest 32-bit microcontroller based 

ARM core architecture. 

 

 

METHODS 

Radiation survey meters that are based on G.M tubes are widely used for the measurement of gamma levels. 

In these types of instruments, a single pulse is obtained for each gamma photon interaction in the sensitive 

volume of the sensor. The counting efficiency for gamma rays depends on the probability of a gamma 

photon interacting with the cathode wall and producing an electron, and also on the probability that the 

electron will ionize the gas in the sensitive volume of the sensor. These probabilities drastically reduce the 

detection efficiency and are usually not related to the energy of the measured photons. The gamma field 

intensity depends on the source distance, on his activity and the energy of the emitted photons. Neglecting 

the distance and the medium material within the source and the detector, it is possible to assume that 

1gamma/s from 662 keV 
137

Cs source produce a similar field response [mR/h] to the one produced by 11 

gamma/s from 59.5 keV 
60

Am source. In order to obtain a flat energy response, the G.M is usually enclosed 

into a mechanical filter which surrounds the tube. The filter absorbs most of the low energy gamma rays in 

order to reduce the low energy over response. The intrinsic sensitivity is the ratio between the detected 

pulses and the gamma rays fluency within the sensor active volume. For G.M. based sensor, the intrinsic 

sensitivity for high energy photons such as gamma rays is about 1% [
1
]. 

In order to increase the gamma rays detection efficiency while maintaining or even reducing the detector 

dimensions scintillation based sensors are used. These sensors usually provide a high stopping power. The 

scintillator light pulses intensity depends on the energy absorbed within the crystal. The light emitted by the 

interaction of gamma photons with scintillation material is determined by the photon energy and the 

scintillation material properties. Those pulses can be measured using a sensitive light detector such as a 

photodiode, a PMT or a SiPM. The intrinsic efficiency depends on the gamma energy, the crystal density and 

the dimensions. The light sensor optical properties and the photo-coupling to the crystal influence also on the 

intrinsic efficiency. A small 1cc CsI(Tl) crystal, has nearly 100% intrinsic efficiency for 100keV photons. 

For a similar dimensions crystal, the efficiency of rapidly drops to a few percents for higher gamma energy 

such as 662keV 
137

Cs gamma rays. 

The output pulse amplitude of scintillator based detectors is related to the energy deposited in the crystal by 

the gamma photons. Accurate dose rate measurement is achieved by splitting the measured pulses into 
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various bins related to their amplitude. Then, dose rate is calculated according to the count rate and a 

calibration factor for each bin. For low count rate, this procedure enables a flat energy response.  

 

In modern instrumentation, a microcontroller unit (MCU) implements the flat energy response algorithm for 

the obtained pulses. Usually, the output signal is sampled by a digital to analog converter (DAC). This 

approach can last a relative long time and is power consuming for hand held instrumentation requirements. 

To overcome these obstacles, we implement the approach using an array of voltage comparators. Each 

comparator with his appropriate threshold is connected to a hardware counter. Due to the lack of many 

hardware counters in older families of 8-bit MCUs, the traditional way to perform the accumulation is to 

configure some general purpose input/output ports (GPIO) of the MCU to an interrupt port.  By the MCU 

software, every measured pulse is accumulated in the according bin. In this way, a lot of processing time is 

required to manage the interrupt routine. For high count rate applications, the processing time limits the 

available resources required for other algorithms real-time tasks.   

 

Newest 32-bit MCU ARM based cotrtex-M3 architectures provide at least 4 hardware counters. Among 

many other features, this type of MCU provides: more communication peripherals, like 3xUSART(universal 

synchrony/asynchrony receive transmit), 2xSPI, 2xI2C, 10 timers, 128KB Flash memory for the application 

code, internal 4KB EEprom for calibration parameters storage and event log accumulation. All of these 

features are achievable without external components reducing energy consumption and instrument 

dimensions. The dose rate is calculated by measuring the hardware counters even for high count rates. By 

this approach, essential processing time and resources are released from the MCU to focus in real-time 

algorithms. For accurate dose rate calculations, many energy bins are required. Sometimes, the number of 

measured bins is higher than the available counters in the MCU. In this case, low energy output pulses are 

measured by hardware counters and high energy pulses which occurs seldom, are measured by the traditional 

method of software counters under interrupt routines without consuming MCU processing time.  

 

RESULTS  

The described algorithm was satisfactory implemented in the new Rotem Ind. survey meter named PDS-GO 

(Figure 1). The new PDS-GO (presented here), is based on 32-bit MCU ARM. His sensor, consists of a 3 cc 

CsI(Tl) crystal coupled to SiPM. The instrument was originally designed to meet the scope of specifications 

defined by Home-Land Security (HLS) standards for Personal Radiation Detector (PRD). For HLS 

applications, it is mandatory that the device will be highly sensitive, small, and robust and width long 

operating hours. Yet, regarding dose rate accuracy, the HLS standards are more tolerable than survey meter 

standards. The new PDS-GO, includes five different energy windows (bins) for improved dose rate 

calculation. The energy response (related to 
137

Cs), is within ± 15% from 60 keV up to 1.3 MeV gamma 

rays. This response, meets standard requirement for survey meters instrumentation. This improvement has 

been achieved while maintaining the existing capabilities for HLS applications.  

 

 
Figure 1. PDS-GO survey meter 
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Figure 2. Energy response of the PDS-GO as measured for the following isotopes:

241
Am, 

152
Eu, 

99m
Tc, 

133
Ba,

22
Na,

137
Cs,

54
Mn,

60
Co 

 

CONCLUSIONS 

A new approach for high sensitive scintillator based gamma radiation survey meter is presented. The new 

PDS-GO meets the requirements for gamma survey meters and the specifications of PRDs for HLS 

applications as well. The 
137

Cs relative response for different gamma sources is presented in Figure 2.   

The new electronics that maintain a larger number of hardware counters enable an improved accurate energy 

response over a wider gamma energy range. 
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