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Development of Radiation Dosimeter using Commercial p-MOSFET
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Abstracts

When a metal oxide field effect transistor (MOSFET) is exposed to ionizing radiation, electron/hole
pairs are generated in its oxide layer. The slow moving holes of them are trapped in the oxide layer of
p-MOSFET and appear as extra charges that change the characteristics of the transistor. The
radiation-induced charges directly impact the threshold (tum-on) voltage of the transistor. This paper
describes the use of the radiation-induced threshold voltage change as an accumulated radiation dose
monitoring sensor. Two kinds of commercial p-type MOSFETs were tested in a Co-60 gamma
irradiation facility to see their capabilities as a radiation dosimeter. We found that the transistors
showed good linearity in their threshold voltage shift characteristics with radiation dose. The results
demonstrate the potential use of commercial p-MOSFETs as inexpensive radiation sensors for the first
time.
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Table 1. Application Areas of p~-MOSFET Dosimeter
[?D@ Ge Diode .
Riskut according to Dose Rate.

-Size and Weight Requirement m
MOSFET

-Vig Sensor
-Sensitive Detector

-Memony itself for Total Dose
-Thermal Annealing

-Current Sensor
-For high dose Rate

-Additional accumulator
for Total Dose
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Fig. 1. Sensors for Radiation Detection.
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Fig. 3. Cross section
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Fig. 4. Circuit Diagram
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Fig. 5. The mechanism of charge move in SiO» in
p~MOSFET as irradiated.
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Table 2. Irradiation Method of Co-60.

Step 1{12:13|14{5{6]|17
Distance(cm) 189 189, 189| 189 189/ 189| 71
Dose Rate(KRad/h) .| 10| 10} 10| 10| 10| 10| 50
Total Hour(min) 6 | 12| 30{ 60120| 300|360
‘Total Dose(KRad) 12| 5]10]20]| 50100
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Fig. 10. Output Characteristics.
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Table 3. V1 Shift according to radiation dose
irradiated.
Vr Shift (-n/m)

Dose(KRad) IRF9533 Jigz
0 326 1.49
1 341 152
2 342 156
5 38 1.2
10 4.2 1.8
2 53 21
30 8.06 3
100 119 4.32
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Table 4. Functions from Linear Fitting of
Accumulated Dose vs. Vr Shift.

Y(total dose) = aX(Vr shift) + b
IRF9533

a = 3.368, b =0.087

Y(Total Dose) = aX(Vt Shift) + b

182
a = 1506, b =0.029
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