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Abstract. In this paper, а new approach of p-channel MOS-transistors used for total dose 
monitoring at semiconductor components under radiation is presented. The calibration results 
enable to determine the numerical parameters for the MOSFETs electro-physical model of dose 
effects. We propose to calculate the total dose of ionization flux using the results of MOS-
transistors drain current measurements, under a fixed gate and drain voltage. 

1.  Introduction 
The irradiation of large-size objects (such as spacecraft) that consist of heavy solid elements is 
connected to some difficulties, namely, the accurate estimation of total dose for radiation-sensitive 
elements. The actual value of total dose accumulated in radiation-sensitive regions of a semiconductor 
component usually differs from values for regular dosimeters that are placed at the surface of research 
objects. The reason for such a difference is the transformation of the radiation spectrum during its 
transmission through construction materials of complex objects and systems. 

MOS integrated circuits are nowadays in general use in electronics. However, such devices are 
rather sensitive to total dose so it is possible to use semiconductor devices as total dose monitors. They 
respond to total ionizing dose (TID) and their design is similar to that of critical units of electronics. 

The purpose of this paper is to introduce the technique of application of p-channel MOSFETs 
within the digital IC as detectors for quick and low-cost measurements of TID accumulated in the 
semiconductor components in the volume of large-size research objects. We first provide the basic 
principles and a new scheme for on-line TID measurements, and also discuss the main advantages of 
such scheme. Then, we propose and describe the research algorithm. Finally, we consider the results 
of the irradiation tests with on-line TID measurements for 1594TL2T under static gamma-irradiation. 
The calculated values of TID determined for the experimental detector are in good accordance with the 
values of regular dosimeters of the simulation facility. 

2.  Theoretical basis 
Recent reports [1-6] have shown that radiation impact of MOS-structures produces the positive charge 
accumulation at the gate insulator and increases the surface state density at the semiconductor-
dielectric interface. In our previous papers [7], experimental data was reported and the electro-physical 
model was proposed, which described dose effects kinetics for n-channel MOSFETs sensitive to 
irradiation conditions (environment temperature, radiation intensity and electrical mode). The practical 
realization of the proposed electro-physical model allows us to describe mathematically the behavior 
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of MOS-transistors under irradiation and predetermines the use of MOS-devices for TID detectors [8-
10]. We propose to use p-channel MOS-transistors within the digital IC for TID monitoring. 

It is necessary to ensure the compliance with accumulated dose in the sensitive volumes of the 
detector and MOS-devices in research electronics. Thus, the p-channel MOS-transistors within the 
simple digital IC (i.e. inverters, NAND circuits, NOR circuits, Schmitt triggers et al.) can be 
effectively used as sensitive elements, as they are in the same design as dose-sensitive electronics 
components. 

We measured on-line the TID using the test setup, shown in Fig. 1. During the experiments, the 
application of p-channel MOS-transistors within the CMOS integrated circuit 1594TL2T (device 
under test, DUT) was researched for on-line TID measurement. The DUT was placed under a Со60 
gamma ray source. The desktop PC for accessing the measurement equipment was positioned near the 
irradiation room. It was assembled from “PXI” standard test devices and was managed with the special 
LabVIEW program for remote control of the generator and multimeter. 

 
Figure 1. Schematic diagram of the test setup. G – generator,  

РА – multimeter 
The main advantage of the proposed scheme is that the researcher is supposed to measure only 

drain current of  the proper MOS-transistor in over-threshold mode during multichannel registration. 
Besides, one needs N+1 cables for N detectors. It is especially important for typical automated 
measurement systems, when there is difficulty in the registration of the total transfer characteristics. 
However, it is possible to take point-by-point measurements for a fixed power supply value. 

At the stage of pre-calibration before and after irradiation, it is propose to register transfer 
characteristics in the over-threshold mode of p-channel MOSFETs within the IC. 

The irradiation of the p-channel MOS-transistor with dose  changes its transfer 
characteristics IDS(D) [11,12]: 

  (1) 

where is channel width,  is channel length (these parameters are typical and dependent from 
technology of MOS-devices);  

 is the initial value of carriers mobility in the channel; 
 is specific capacity of the gate insulator; 
 is dose sensitivity coefficient of electrons mobility in the channel;  is gate-source voltage 

(in our case ,  is threshold voltage); 
 is dose sensitivity coefficient. 
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Using the notations  and , the simplified expression for p-channel MOS-

transistor current by fixed power supply value may be expressed as follows: 

 
 (2) 

where is the initial current value (before irradiation). 
The values of coefficients a and b can be calculated through calibration data of the radiation facility 

with determined spectrum and intensity – for instance, a Со60 source. 

3.  Details of the model 
We propose that p-channel MOS-transistors within the digital IC should be used as detectors for 
measurements of TID as following: 

1)  Calibration. 
The drain current IDS change of p-channel MOS-transistors within the digital IC is experimentally 

measured under radiation by a facility with determined spectrum and dose rate. During this 
experiment, the power supply value is fixed. The irradiation dose is about 20-50 krad (Si). 

2)  Extraction of model numerical parameters. 
The numerical values of a and b are calculated for equation (2) through the calibration data. 

3)  Use of TID detectors 
The drain current IDS change of p-channel transistors is measured under conditions with unknown 

spectrum and composition of irradiation. The fixed power supply value provides the over-threshold 
mode. Using the parameters a and b that were determined at the stage of calibration, one can calculate 
the corresponding value of TID for a given irradiation time. 

The time diagram of source power of the relative change and the initial measurements data are used 
to determine the real value of TID for over-radiated detectors in experimental research under static and 
quasi-static irradiation. 

4.  Results 
Let us discuss the experimental research of ICs 1594TL2T for radiation hardness under static gamma-
irradiation by a facility with determined radiation spectrum and dose rate. The digital IC consists of 
six inverted Schmitt triggers that were used as TID monitors. 

The automated measuring system was developed on the basis of modular equipment National 
Instruments (chassis NI PXI-1042, DC Power Supply PXI-4110, Digital Multimeter PXI-4072) and 
software LabVIEW2014. This system provided the power supply UDS with proper accuracy (up to 
several mV) and it enabled to take the current IDS measurement under condition of changing voltage UDS 
within determined time intervals. 

1) Calibration 
The detectors were irradiated at the voltage UDS = 1 V. The certain voltage value at the inputs of the 

transistors was 0 V. The value of TID at the end of irradiation was equal to 30 krad (Si). Fig.2 
represents the experimental curve IDS (D). The numerical values of coefficients of equation (2) were 
determined using this curve: 

a = 0.0132; b = - 0.0086; IDS(0) =3.305 mA. 
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Figure 2. The equation for experimental correlation between the current IDS 

and total dose D and its coefficient values: 
y=3.305∙(1/(1+a∙x))∙(1+b∙x)2 

2) Application of detectors for research of electronics radiation hardness 
The detectors were mounted at the experimental board closely to research objects during the 

experiments. The irradiation was carried out at the facility with determined spectrum and dose rate. 
The current IDS was measured during the experiment at intervals of 10 minutes. 

The detectors functioned in the proper electrical mode of the facility before, during, and after the 
irradiation and the control parameter annealing was observed. 

 
Figure 3. The comparison of IDS (Di) functions: experimental (black) and 

calculated after parallel translation (red) 
 
Finally, Fig.3 illustrates the difference between values of TID determined for the experimental 

detector and values of regular dosimeters for the simulation facility (imprecision is less than 10%). 
Thus, the irradiation experiments revealed the detector tolerance within TID ranging from 0 to 35 

krad (Si) (without the TID value that was accumulated during calibration) is less than 10%. 

3) Stability of calibration results 
It is important to point out that the application of p-channel transistors within CMOS integrated 

circuit as TID detectors is possible only for stable values of parameters that were determined during 
the calibration. The experimental research revealed that the degradation of function IDS(D) remained 
quasi-stable after 1000 hours post irradiation. 
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5.  Conclusion 
In this article, there was considered the application features of p-channel MOS-transistors within 
theCMOS integrated circuit as a TID detector for total ionizing dose monitoring in DUT under 
irradiation. 

This work presented one of the applications of electro-physical modeling for the forecasting of the 
degradation of the MOS-transistors TID characteristics. 

In the proposed method, the TID value of the detector is in good accordance with that of ICs for a 
wide spectrum of radiation energy. 
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