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A BATTERY - OPERATED DOSIMETER BASED ON A MICROCONTROLLER
CIRCUIT

The present article describes a small-sized device, designed and initiated in the
framework of the study on the particle detection method and algorithm development. The
device has been tested under both a normal radiation background and against a known
radioactive sample, showing successful results in both cases. When compared with other
available dosimeters, this device stands out for its small size, ultra-low power consumption and
the ability to be connected to different devices, enabling collection of information for later
analysis. This research focuses on the development of radiation-tolerant electronics for particle
detection and analysis. The device described in this article is designed to work in parallel with
particle-detection electronics in order to keep the radiation exposure monitored.

Keywords: dosimeter, radiation, microcontroller, Geiger counter, detection, particle,
measurement, collect, analysis, low-power consumption.

Introduction. The availability of radiation exposure measurement equipment in
different fields of science and even everyday life is essential. There exist different
devices that provide information on environment radiation exposure, from pocket
sized dosimeter pens to desktop devices. Small portable models (such as PEN2R,
PEN5mMSv) present live radiation reading, and are not designed to interface with other
devices such as for storing and analyzing information. More advanced devices such as
GeGi allowing connectivity features are also available, but they are not portable and
are quite expensive. Of course, the above mentioned devices are designed to serve
different purposes, but none of them can be used in this research project as a portable
dosimeter with low power consumption that can be set and controlled by a computer.
After a search for such a device that meets the project needs, it became clear that a
custom one needs to be designed to satisfy all the parameters of the research.

The concept of the well-known Geiger counter [1] lies in the base of the device.
The classical Geiger counter consists of a tube filled with inert gas such
as helium, argon or neon, in some cases a Penning mixture, and a quench gas of
5...10% of organic vapor or halogen gas to prevent multiple pulsing. Also, a buzzer or
a light emitter (in some cases both)is present as a notification method for the operator.
The tube is built from glass or similar material, which has two electrodes, one of
which is the thin wire going across the tube (anode), and the contacts on the sides or
one side of the glass (cathode). Using the high voltage transformer, a pre-adjusted
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fixed voltage is applied to the tube electrodes. The voltage for most of the common
devices is a couple of hundred volts. When a particle passes through the tube, the gas
is being ionized and a certain current passes through anode and cathode. The current
causes a voltage drop, which is used to trigger certain logic to make the buzzer beep
and the light to turn on. So for every particle passing through the tube, a short beeping
and a short flash of light occurs for the operator.

Block diagrams of the simple Geiger counter and the one that has been designed
for research purposes is shown in Fig.1.
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a) Block diagram of a basic Geiger counter b) Block diagram of the designed device
Fig.1. Basic Geiger counter (a) and the designed device (b)

The new dosimeter has been developed on the basis of traditional concepts, but
with further developed technical abilities, using modern advanced technologies. The
device consists of two gas tubes, instead of one, which increases the detection
sensitivity. Depending on the particle angle and the direction it comes from, it can be
absorbed by the body parts of the detector device or not meet the tube surface at all [2].
So, by making the detection surface larger, the possibility of detecting particles and
the quantity of the detected particles in a certain given time window increases. As a
power source for the circuit’s operation, a standard mobile phone battery is used. It
runs the device continuously for more than a week, without the need to charge it.
Using a DC-DC step-up IC (MAX1674, Fig.2), the 3.7 V of the battery is converted
into 5 V, which is used for the most logical elements of the circuits, including the
microcontroller.
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Fig.2. DC-DC Step-Up Converter

A mini-USB connector is mounted on the PCB for charging the device. The
power lines of the USB port (+V_USB and GND) are connected to the on-board IC
called LTC4054 (Fig. 3), which regulates the charging current. If the device is
connected to another device which only uses the power lines of the USB port, the
charging process begins. If it is connected to a computer in which data lines (D+ and
D-) of the USB port are also present, the dosimeter enters into communication mode,
which enables the user to set certain settings and start automatic measurements,
logging the results in the computer. Charging also takes place in this mode.
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Fig.3. Charging circuit

The fragment of the circuit presented in Fig. 4 is responsible for generating
around 300 V for the tubes and the trigger mechanism. The wire called AC is
connected to the microcontroller to enable the high voltage transformer. Whenever
logic 1 (5 V) is present on the base of the NPN transistor, pulses with a frequency of
around 200 kHz occur on the collector, starting high voltage generation. This type of
design enables the device to enter the sleep mode, which increases the battery life by
70%. The second bipolar transistor, the base of which is connected to the tubes (J7 and
J8), drives the NAND gates [3] that change the state of the PULSE_OUT wire at each
event [4].
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Fig. 4. High voltage transformer and detector logic

The voltage changes on the tubes have been measured with an oscilloscope and
recorded (Fig. 5) during the triggering process. The red line shows the threshold
voltage and voltage peaks that cross the threshold border represent particle events. In
this dosimeter circuit the threshold voltage is around 300 mV. In the following picture
one horizontal grid represents 1 s, and the vertical grid represents 100 mV. The average
pulse width after it has crossed the threshold has been calculated to be around 25 ms.
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Fig. 5. Tube noise and threshold voltage

Fig. 6 was recorded when the device had been in operation in a higher
background radiation.
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Fig.6. Higher radiation background

The full device parameters are presented in the table below:

Table
Device parameters

Operating voltage 3.7V
Maximum in-circuit voltage 350V
Maximum power consumption 50 m
Power consumption during the sleep mode 1mA
Minimum operating temperature -20°C
Maximum operating temperature +100° C
Maximum recommended charge cycles 300 cycles
Maximum life for gas filled tubes 5 years

The minimum operating temperature is stated as -20°C, since it is the lowest
limit for the LCD present on the device. If the device is operated without an LCD, the
minimum operating voltage drops to -35°C.

The Li-lon battery capacity drops from around 89...95% to about 73...80% after
approximately 230 charging cycles. This means that if the device is used continuously,
it can last for at least 4 years without the need to replace the battery.

Conclusion. The development of the radiation exposure meter presented in this
article significantly contributed to the research of particle detection and method
development. With the help of this custom-made programmable device, it is possible
to explore different critical parameters of electronics components used in the design.
The parameters change when operating in a high radiation background. Taking those
changes into account, it is possible to design detection electronics more reliably. The
analyzed device has been tested and certified in the National Institute of Metrology,
and received a certificate of parameters.
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9.4, QULLPEL3UL, 4.2. ZUUNF3UL

Uursunsps uud N, LUNUU8EUUL UTHUMMUYD QUOR? UULSL!
Uhu/fNuNuLSCALErUSHL T EUSH ZbULNY,

Lwpugpynud t fwnuqupdut dujuppuyh swhdwt hwdwp twpwnbujuws uwpp,
npp Uowljyk), Jurnmigyky b thnpdwnplyt) b dwubihljubph gpuiigdwt dkpnnh b wignphpdh
Uowljuwtt wpjuwnwptiph ppowimlnid: Inmipinil nitiligny tdwwnhy vwppuynpnidubph
hwdbdwwn' nju) vwpplt wnwduwbnud E hp thopp swhbipny, hnuwiph tuqugnyb Supauny
b wyp uwuppbkph vhwgybnt jupnpnipjudp: Uw htwpwynpnipnit k nnwjhu nknbynipniutbkp
unwbiwy dwutthlubph qgpuigdw dwuptt' htnwgqu ntumdtwuppnipniiibph ppujubugdwi
hwdwp: Pwuh np hbnwgnunipjut hhdtwlwb juunhpt muyndws b dwuthubph gpuigdwi
Ukpngh U wygnpphpuh dpujdwip, ntunh wewewplyny uwppp, woiwwntiny dniu hudwwyw-
wnuwufpuwl uwppbph htn, htwpwynpnipmiy £ unbndmd junwptjugnpst] hnpdwupyynn uwup-
pkph biEupuljwub onputbpp:

Unwigpughll punkp. Swunuquypenid, dhypnynunpnitp, Fuyqbph hwoydhs, qpuugnid,
dwutihl, swhnud, Yninuynid, ntuntdbwuhpnipinil, hnuwbph thnpp Swhau:

B.B. TABPUEJISIH, B.O. AKOITAAH

JTO3UMETP HA OCHOBE MUKPOKOHTPOJIJIEPHOM CXEMBI,
PABOTAIOIIUI HA BATAPEHNKE

B pamkax paboTsl 1o pa3paboTKe MeTo/a M aAropuT™Ma JACTSKTHPOBAHUS YacCTHUIl CO3/IaH MPHOOp
JUISL I3MepeHust paguanui. [IpoBeieHs! HcIbITaHus TPHOOpa B pa3HBIX PAAHAMOHHBIX (DOHAX, TOKA3aHBI
YOBIETBOPUTENbHbIE pe3ynbTaThl. [0 cpaBHEHHUIO ¢ APYTMMH aHAJIOTMYHBIMU NPUOOpaMH, TaHHOE YCTpPOM-
CTBO OTJIMYACTCS Pa3MEPOM, HU3KUM MOTPEOIEHUEM 3IIEKTPOSHEPIHH U CIIOCOOHOCTBIO MOAKIIOUYATHCS K
JPYTAM YCTPOMCTBAaM, KOTOPBIE TIO3BOJISIIOT HAKOMHTH TIOJIy9eHHBIC NAHHBIC AT JATbHEHIINX aHaJIH30B.
[TockoNbKY OCHOBHOE HCCIEIOBAHHE HANpPAaBJICHO Ha Pa3pabOTKy SJIEKTPOHHBIX YCTPOHCTB, KOTOpPBIC
JOJDKHBI paboTaTh B Cpelax ¢ BEICOKUM PaJHAIlMOHHBIM ()OHOM, ONMCHIBAEMBIN MPHOOpP paccUMTaH Ha
napaienbHyio paboTy ¢ STUMH TPHOOPaMH.

Knrouessle cnosa: nozuMeTp, paguanusi, MUKpOKOHTPOJIIEp, CUeTInK [ elirepa, feTeKTupoBaHue,
YJacTHIla, U3MEPEHNE, HAKOIUICHHE, aHaJIN3, HU3Kast HJIEKTPOIIOTPEOHOCTD.
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