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Article 

Effects of Gamma Radiations on the I-V Electrical 
Parameters of a n-MOSFET 
Dorsaf Aguir * and Mohsen Machhout 

Laboratory of Electronics and Microelectronics, University of Monastir (LEMM) Monastir, Tunisia 
* Correspondence: author email: dorsafaguir7@gmail.com 

Abstract: Hostile environments usually contain different types of ionizing radiations. In Si-based 
MOSFETs, radiation-induced defects can lead to drastical degradations in the relevant current-
voltage characteristics. At the micro-scale, the capacitance reveals degeneration due to an 
accumulation of trapped holes within the oxide layer and at the oxide-channel interface. As a peculiar 
feature of this degeneration, several electrical parameters of the transistor are directly impacted by 
the variation in the gate-oxide capacitance. It has been found from experimental measurements that 
the threshold potential exhibits a negative shift as the absorbed gamma ray dose increases. As it is 
already suggested, the negative shift in the threshold potential results from a trapping of positive 
charges into the gate capacitance. In the present work, the trapping of holes is rather assumed to 
behave as a compensating donor center. Which leads to relate them into the acceptor doping 
concentration. In the paper, we have also investigated the electron transport under exposure to 
gamma radiations. For this purpose, we have developed a direct and a small-signal current models. 
From the I–V measurements, a set of fitting laws has been derived for both static and dynamic 
parameters as functions of the total ionizing dose. An explanation of the physical origin of the 
radiation-induced dysfunction is provided based on the behavior of the investigated n-MOSFET. Our 
findings offer valuable insights into the modeling and mitigation of power-related degradation, 
providing guidance for the design of energy-aware and radiation-hardened low-power electronic 
systems. 

Keywords: SOI n-MOSFET; gamma radiations; I-V characteristics; total ionizing dose; in-situ thermal 
annealing; electron traps; static and dynamic parameters; fitting 
 

1. Introduction and Related Works 

During the last decades, a significant progress has been achieved in epitaxial growth and in the 
technological design as well for bipolar-junction and metal-oxide semiconductor FETs [1–4]. The 
challenge has been how to proceed in order to reducing the nuisible effects of imperfections. 
However, impurities and defects are always present in the host lattices, thus inducing localized 
extrinsic states in the active layers. Most process-induced traps behave as trapping centers, which 
lead to deposited positive charges. The origin of the active traps and especially their locations has 
been characterized using different techniques, but the proposals of explanations are still 
controversial. It is worth noticing that defects could be intrinsic or arising from an extrinsic origin. 
For MOSFET transistors operating in hostile environments, exposure to gamma radiations can cause 
many disturbances in their characteristics and functionality [5–7]. Depending on TID doses, gamma 
radiations may induce a permanent failure in the transistor's characteristics. At the microscopic scale, 
these degradations have been explained as due mainly to an accumulation of trapped holes in the 
oxide layer and eventually at the oxide –channel heterointerface [8]. It is worth to mention that the 
trapped charge densities strongly depend on the device design architecture as well as on the 
technology process [9]. As a first alternative to mitigate the effects of trapped charges, irradiated 
transistors were subjected to an annealing at relatively high temperatures during prolonged periods 
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of heating [10,11]. The major drawback of this annealing procedure is the high loss of thermal energy. 
In a recent work, an advanced recovery method has been conceived and realized using micro-
integrated hotplates. This technique benefits from an excessive rapidity, a low power loss, and an in-
situ electro-thermal annealing [12,13]. From a technological view point, it was revealed in addition 
that the immunity to transients of gamma radiations can be further improved by including buried-
oxide (BOX) epilayers [9] in order to separate the thin Si active layer from the substrate. As has been 
found, this novel technique has led to a peculiar success in a partial or complete recovery of 
degradations for a large range of TIDs [12–14]. 

In the context of low power design, radiation-induced effects pose a significant challenge by 
increasing leakage currents, degrading subthreshold behavior, and shifting threshold voltages—all 
of which directly affect energy efficiency, system reliability, and power-aware operation. 
Understanding and modeling these effects is therefore crucial for designing robust, energy-efficient 
systems in hostile environments. 

The aim of the present work is to investigate the effects of gamma radiations on the electron 
transport in a Si-based n-MOSFET with 1µm-lengh channel. Measurements of I-V at output have 
been performed before and after thermal annealing. From the relevant I-V at output, we have 
extracted the threshold voltage, the transconductance and the conductance as well. Theoretically, we 
have developed a direct-current (DC) and a small-signal (AC) models in order to analyze the electrical 
behavior of defected n-MOSFETs due to gamma radiations.  As has been already reported in 
previous works, the effects of radiation-induced traps are included into an interfacial gate-oxide 
charge.  Here, these effects are rather related to an effective concentration of the acceptors as regards 
to the free carriers in the conductive channel. The choice of the latter model is not far from being 
physically meaningful and NAeff. can also be used as an useful technological parameter to describe the 
radiation hardening. From experimental data and using the (DC) and (AC) models, we have deduced 
the set of static and dynamic parameters for the n-MOSFET studied as a function of TID. The paper 
is organized as follows: After a brief introduction, we present in section II the direct-current and 
small-signal models. Results will be discussed in section III, and concluding remarks are summarized 
in section IV. 

2. DC and Small-Signal Models for an n-MOSFET 

2.1. The Direct-Current Model 

In a field-effect transistor, the insertion of n+-doped contacts adjacent to the MOS capacitance 
makes that a current flow can occur between the two contacts only when the surfaces are inverted. 
As a main assumption, the oxide layer would contain a large number of fixed charges. For a sake of 
simplicity, the free carriers are assumed to have a constant mobility in the whole conductive channel, 
and the MOS heterostructure is in a flat band regime. Provided that the electron density has the form 
n=n(x,y), and by using the Ohm’s law, the drain-to-source current will be given by:  𝐈𝐃𝐒 = −𝐖𝛍𝐧𝐐𝐍ሺ𝐲ሻ𝐝𝐕(𝐲)𝐝𝐲  (1)

with      𝐐𝐍(𝐲) = −𝐞න 𝐧(𝐱, 𝐲)𝐝𝐱∆𝐱𝐍𝟎  

where µn is the electron mobility, QN(y) and V(y)  are respectively the electron charge in the channel 
per unit area and the built-in potentiel at position y and ΔxN represents the channel penetration 
depth along the transversal x-axis. Note that  IDS is independent on the position y, which leads to the 
following analytical expression: 𝐐𝐍(𝐲)  = −𝛆𝟎𝛆𝐫𝐨𝐱𝐝 ሾ𝐕𝐆𝐒 − 𝟐𝛟𝐅𝐢 − 𝐕(𝐲)ሿ + ඥ𝟐𝐞𝛆𝟎𝛆𝐫𝐨𝐱𝐍𝐀ሾ𝐕(𝐲) + 𝟐𝛟𝐅𝐢ሿ (2)
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with    𝛟𝐅𝐢 = 𝐊𝐁𝐓𝟐𝐞 𝐋𝐧 𝐍𝐀𝐧𝐢𝐬𝐢 (2)

where VDS and VGS are the drain-to-source and the gate-to-source bias potentials, L denotes the 
channel length εo εr and d represent respectively the dielectric permittivity and the thickness of the 
oxide layer, ϕ୊୧  is the Fermi potential , N୅  is the doping concentration of acceptors and nisi 
indicates the intrinsic concentration of the Si. As it clearly appears, the drain current is controlled by 
both VGS and VDS. Two peculiar parameters can be derived from the IDS-VGS  and IDS-VDS :(i) The 

transconductance defined as 𝐠𝐦 = (𝛛𝐈𝐃𝐒𝛛𝐕𝐆𝐒)𝐕𝐃𝐒   ,(ii) the conductance given by  𝐠𝐝 = (𝛛𝐈𝐃𝐒𝛛𝐕𝐃𝐒)𝐕𝐆𝐒 
2.2. Drain Current in Linear and Saturation Regimes 

2.2.1. Linear Regime 

For this regime, it is convenient to adopt the following approximations:  
(i)- 𝐕𝐃𝐒 ≪  𝟐𝛟𝐅𝐢  
(ii)-  𝐕𝐃𝐒𝟐𝟐 ≪ (𝐕𝐆𝐒 − 𝟐𝛟𝐅𝐢)𝐕𝐃𝐒.  
In such a case, the drain current expression reduces to: 𝐈𝐃𝐒(𝐕𝐆𝐒,𝐕𝐃𝐒) = 𝐖𝛍𝐧𝐂𝐨𝐱𝐋 (𝐕𝐆𝐒 − 𝐕𝐓𝐡) 𝐕𝐃𝐒 (3)

with 𝐂𝐨𝐱 = 𝛆𝟎𝛆𝐫𝐝  is the oxide capacitance per unit area and 𝐕𝐓𝐡ୀ𝟐𝛟𝐅𝐢 + 𝟐𝐂𝐨𝐱 ඥ𝛆𝟎𝛆𝐫𝐞𝐍𝐀𝛟𝐅𝐢        is the 

threshold voltage 
As it is seen from Eq.(3), the drain current shows a linear trend with increasing VDS and VGS 

respectively. For a fixed VDS , however, the electron transport in the channel can occur only when VGS 
exceeds the threshold potential VTh. As for the transconductance and conductance in the linear 
regime, they are given by: 𝐠𝐦(𝐕𝐆𝐒,𝐕𝐃𝐒) = 𝐖𝛍𝐧𝐂𝐨𝐱𝐋 𝐕𝐃𝐒 (4)

𝐠𝐝 = 𝐖𝛍𝐧𝐂𝐨𝐱𝐋 (𝐕𝐆𝐒 − 𝐕𝐓𝐡)    
As can also be noticed from Eq. (4), both g୫and gୢ show a linear variation as a function of the 

VDS and VGS bias potentials. 

2.2.2. Saturation Regime-Effect of the Channel Modulation 

When VDS exceeds the linear regime, the electron density QN(y) decreases near the drain contact 
and therefore the current flow exhibits a sub-linear variation that tends towards the saturation 
regime. In terms of a biased voltage, this regime is reached if the channel pinch coincides with the 
drain. Which leads to write VDS and IDS under the forms:             𝐕𝐃𝐒,𝐒𝐀𝐓(𝐕𝐆𝐒) = (𝐕𝐆𝐒 − 𝐕𝐓𝐡) (5)

𝐠𝐝 = 𝐖𝛍𝐧𝐂𝐨𝐱𝐋 (𝐕𝐆𝐒 − 𝐕𝐓𝐡)    
and 𝐈𝐃𝐒,𝐒𝐀𝐓(𝐕𝐆𝐒) = 𝐖𝛍𝐂𝐨𝐱𝟐𝐋 (𝐕𝐆𝐒 − 𝐕𝐓𝐡)𝟐 

For a VDS upper than VDS,SAT ,the excess voltage  ∆Vୈୗ = Vୈୗ-Vୈୗ,ୗ୅୘ is applied across a depleted 
region of width ΔL. The channel remains subjected to the Vୈୗ,ୗ୅୘ bias voltage while its length 
decreases as VDS increases. This leads to an increasing of both the channel conductance and the drain 
current. Calculation by using the Poisson equation of IDS as well as gm and gd gives rise to the set of 
relationships: 
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𝐈𝐃𝐒,𝐒𝐀𝐓(𝐕𝐆𝐒,𝐕𝐃𝐒) = 𝐖𝛍𝐂𝐨𝐱𝟐𝐋 [𝟏 + 𝟏𝐋ඨ𝟐𝛆𝟎𝛆𝐫𝐞𝐍𝐀 (𝐕𝐃𝐒 − 𝐕𝐃𝐒,𝐒𝐀𝐓)     ](𝐕𝐆𝐒 − 𝐕𝐓𝐡)𝟐 

            𝐠𝐦 = 𝐖𝛍𝐧𝐂𝐨𝐱𝐋 [𝟏 + 𝟏𝐋ඨ𝟐𝛆𝟎𝛆𝐫𝐞𝐍𝐀 ൫𝐕𝐃𝐒 − 𝐕𝐃𝐒,𝐒𝐀𝐓൯]  (𝐕𝐆𝐒 − 𝐕𝐓𝐡) (6)

𝐠𝐝 = 𝐖𝛍𝐧𝐂𝐨𝐱𝟒𝐋𝟐 ඨ 𝟐𝛆𝟎𝛆𝐫𝐞𝐍𝐀(𝐕𝐃𝐒 − 𝐕𝐃𝐒,𝐒𝐀𝐓) (𝐕𝐆𝐒 − 𝐕𝐓𝐡)𝟐 

In computing the drain current, ΔL is assumed to be less lower than L. As revealed from Eq.6, 
the IDS-VDS characteristics of an n-MOSFET exhibit an amount with increased VDS, thus leading to a 
change of the parameters gm and gd. In closing this part of the DC model, let us recall that the n-
MOSFET is assumed to be in the flat band regime. To overcome this insufficiency, it is required to 
take into account the output work due to the contact phenomenon. Correction could be made by 
defining the effective Fermi potential as: 𝐞𝛟𝐅𝐢𝐞𝐟𝐟. = 𝐞𝛟𝐅𝐢 + 𝐞𝛟𝐌𝐒. 
2.3. Small-Signal Model 

2.3.1. Resistive Operating 

As it reveals from Eq.3, the direct-current characteristics in linear regime are approximated by a 
linear law relating IDS to the drain-to-source bias voltage VDS. In terms of an equivalent circuit scheme, 
the n-MOSFET is found to behave as a resistance whose value is controlled by VGS. 𝐑𝐃𝐒(𝐕𝐆𝐒) = 𝐋𝐰𝛍𝐧𝐂𝐨𝐱(𝐕𝐆𝐒 − 𝐕𝐓𝐡) (7)

In technological applications, the n-MOSFET in linear regime can be used as an on-off switch. 

2.3.2. Operation as an Amplifier 

For long channel transistors, the direct current characteristics in saturation regime can be 
approximately analyzed by using Eq.5. Two concluding remarks can be derived from this relation: 

(i) The saturated drain-current does not depend on VDS and shows a quadratic variation versus VGS. 
(ii) on the other hand, the n-MOSFET behaves as an ideal current source whose intensity is:                 𝐈𝟎 = 𝐖𝛍𝐧𝐂𝐨𝐱𝟐𝐋 (𝐕𝐆𝐒 − 𝐕𝐓𝐡)𝟐 (8)

In reality, the channel of a n-MOSFET is modulated especially when VDS exceeds VDS,SAT. In such 
a case, the drain-current should be evaluated more rigorously from Eq.6. Opposite to the ideal current 
source, the inverse of gd is finite an defines the output resistance as: 

𝐑𝐨(𝐕𝐆𝐒,𝐕𝐃𝐒) = 𝟒𝐋𝟐𝐖𝛍𝐧𝐂𝐨𝐱 ඨ𝐞𝐍𝐀(𝐕𝐃𝐒 − 𝐕𝐃𝐒,𝐒𝐀𝐓)𝟐𝛆𝟎𝛆𝐫 (𝐕𝐆𝐒 − 𝐕𝐓𝐡)𝟐 (9)

Association in parallel of both IO and RO gives rise to the output equivalent scheme at low 
frequencies of a small-signal n-MOSFET. Between the grille and source terminals, the circuit is 
opened. At high frequencies, however, capacitance effects should be accounted for. An improved 
equivalent circuit of a n-MOSFET amplifier is reported in Figure 1. 
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Figure 1. Equivalent circuit at high frequencies of an n-MOSFET amplifier with: 𝐑𝐢𝐧 = 𝐑𝐆𝟏//𝐑𝐆𝟐 . 𝐂 = 𝟏𝟐 (𝟐 +𝐠𝐦𝐑𝟎ᇱ )𝐖𝐋𝐂𝐨𝐱 and 𝐑𝟎ᇱ = 𝐑𝟎//𝐑𝐃. 

The term g୫vୋୗ represents the intensity of input-output controlled source. Both of elements vg 
and Rg correspond to the voltage source applied at input of the MOSFET transistor. Wearers RG1, RG2 

and RD are the biased resistances connected to the gate and drain contacts. As for RL and C they denote 
the load resistance and the total capacitance at input. To predict the frequencial behavior of a small-
signal transistor amplifier, it is required to define its imput and output impedances as well as its 
current and voltage gains. Such operating characteristics can be determined using the hybrid 
parameters. For the n-MOSFET investigated, the latter parameters are given by the set of equations:   𝐡𝟏𝟏 = 𝐑𝐢𝐧𝟏 + 𝐣𝐑𝐢𝐧 𝐜𝛚 

(10)

𝐡𝟏𝟐 = 𝟎       𝐡𝟐𝟏 = −𝐠𝐦𝐑𝐢𝐧𝐑𝐠 + 𝐑𝐢𝐧 𝐜𝛚 

         𝐡𝟐𝟐 = 𝟏𝐑𝟎 ᇱ  

As a striking feature of the hybrid parameters, the input and output parts of the equivalent 
circuit seem to be isolated but their coupling is accounted for by means of the controlled source h21v1. 
This makes the n-MOSFET amplifier easily to be modeled into a device network. For a load charge 
RL connected at output, calculation of the dynamic parameters leads the hij-dependent expressions: 𝐙𝐢𝐧 = 𝐡𝟏𝟏 

(11)

       𝐀𝐯(𝛚) = 𝐡𝟐𝟏𝐡𝟏𝟏(𝐡𝟐𝟏 + 𝟏𝐑𝐋) 

     𝐀𝐢 = 𝐡𝟐𝟏𝟏 + 𝐡𝟐𝟐𝐑𝐋 

𝐙𝐨𝐮𝐭 = 𝟏𝐡𝟐𝟐 

Under the circumstance h22RL<<1, it is beneficial to use approximate formulas for the dynamical 
parameters: 𝐙𝐢𝐧 = 𝐡𝟏𝟏 ; 𝐀𝐯 = −𝐡𝟐𝟏 𝐑𝐋𝐡𝟏𝟏   ;    𝐀𝐢 = 𝐡𝟐𝟏;   𝐙𝐨𝐮𝐭 = 𝟏𝐡𝟐𝟐 (12)
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As it would be expected from the simplifying assumption, the feedback effect  ot output into 
input can be disregarded in an operating transistor. Which has led to omit the controlled source h12v2 
in the equivalent hybrid parameter circuit. On the other hand, values of hybrid parameters and their 
related dynamical characteristics strongly depend on the transistor connection. From the transfer 
function H(jω) = ୴మ୴భ , we have also deduced the cutoff frequency: 𝛚𝐜 = 𝟏𝐑𝐢𝐧𝐂 (13)

3. Static and Dynamic Characteristics of an Irradiated n-MOSFET 

3.1. Static Parameters 

The n-MOSFET under investigation has been fabricated using 1µm partially depleted SOI 
technology. The transistor device is implemented in a 600 µm diameter circular membrane. Both are 
located near a micro-heater used for in-situ thermal annealing. Two auxiliary PIN diodes are placed 
on the membrane to monitor the temperature during operation. A detailed description of the 
fabrication process and the annealing procedure are available in Ref. [12]. Concerning the electrical 
characteristics, drain current has been measured versus the gate-to-source voltage Vୋୗ in both linear 
and saturation regimes for Vୈୗfixed at 50 mV and 3 V, respectively. Measurements were performed 
before and after gamma radiations. Figure 2 shows IDS  as measured versus VGS in the range 0-3V 
pre- and post-radiation. The drain source VDS potential is maintained at 50 mV.  

 

Figure 2. Drain-current versus the gate-voltage in the linear regime for different TIDs. 

As can be seen, the I-V characteristics show a negative shift as the TID increases in the 36.66 
Krad- 329.4 Krad range. From a linear extrapolation, we have extracted the threshold-potential V୘୦. 
Results are reported in Figure 3.  
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Figure 3. The threshold-voltage as a function of the Total Ionizing Dose in the linear regime. 

It clearly appears that the threshold-potential V୘୦shows a decreasing tendency as TID increases. 
Using a linear fit, the threshold potential VTh(TID) reads in the linear-regime as: 𝐕𝐭𝐡(𝐓𝐈𝐃) =    𝟏.𝟓𝟕 − 𝟐𝟐𝟓 𝟏𝟎ି𝟓 × 𝐓𝐈𝐃            𝐢𝐧𝐕𝐎𝐋𝐓                         (14)

As reported in Ref.[12], the threshold voltage shift   ∆Vth   is expected to result from a trapping 
of positive charges inside the oxide layer and at oxide n-channel. Let Q୭୶ିୣ୊୊ be the total density of 
oxide-and interface-trapped holes per unit area, ∆V୲୦is related to  Qox-eff using the model [12]: 𝐐𝐨𝐱 = −𝐂𝐨𝐱∆𝐕𝐭𝐡 (15)

with ∆𝐕𝐭𝐡 = 𝐕𝐭𝐡(𝐓𝐈𝐃) − 𝐕𝐭𝐡(𝐓𝐈𝐃 = 𝟎) 
From Vth=Vth(TID), we have deduced the interfacial gate-oxide density Qox-eFF versus TID. 

Obtained results are shown in Figure 4.  

 
Figure 4. Effective concentration of acceptors and interface gate-oxide density as a function of Total Ionizing 
Dose. 

As it is found, Qox-eff shows an amount with increased gamma radiation dose. In terms of an 
analytical fitting, its expression is as follows: 
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𝐐𝐨𝐱ି𝐞𝐅𝐅(𝐓𝐈𝐃) =   𝟎.𝟎𝟔 − 𝟎.𝟎𝟎𝟏𝟗  × 𝐓𝐈𝐃 + 𝟐 𝟏𝟎ି𝟒 × 𝐓𝐈𝐃𝟐 − 𝟑,𝟖𝟓 𝟏𝟎ି𝟕 × 𝐓𝐈𝐃𝟑       (16)

As an illustrative picture, we report in the inset of Figure 3 the cross section of the MOS 
capacitance for a n-MOSFET under bias potentials VGS and VDS. The inset clearly shows the deposited 
interfacial holes under the effect of FGS electric field. On the other hand, radiation hardening 
technologies reveal that thin gate oxide designs have a large capacitance which leads to a reduced 
threshold voltage shift. In terms of quantum tunneling, thin gate-oxide transistors favour the 
recombination of trapped holes with electrons initially located in the channel [15,16]. This can 
efficiently help MOSFET devices with thin gate-oxide thicknesses to become more hardened against 
hostile radiating environments. From the inset of Figure 3, it is seen that the n-channel is located 
between ionized acceptors in Si-substrate and trapped holes. Physically, this implies that free 
electrons in the conductive channel are jointly subjected to a double electrostatic interaction. In terms 
of equilibrium charge balance, acceptors can be considered as partially compensated by equivalent 
donor centers. This leads to define an effective density of the doped acceptors as N୅ୣ୤୤. = αN୅ where α  represents the centesimal percent of compensation. According to this relation, the threshold 
voltage shift can be expressed as a function of  NAeff. using the new model: 

   ∆𝐕𝐓𝐡(𝐓𝐈𝐃) = 𝐊[−𝟏+   ඨ𝐍𝐀𝐞𝐅𝐅.𝐍𝐀 )]   (17)

with 𝐊 = 𝟐𝐂𝐨𝐱 ඥ𝛆𝟎𝛆𝐫𝐞𝐍𝐀𝛟𝐅𝐢. 
In establishing this relation, we have assumed that K does not vary significantly with TID. For 

the parameters NA, nisi and Cox, we have taken the corresponding values 1.171017cm-3, 1,51010 cm-3 and 
1.3810-3 Fm-2 respectively. From the measurements of Vth versus TID in the linear regime, we have 
deduced NAeff.and results are summarized in Figure 4. As clearly shown, NAeff. exhibits a decreasing 
trend as the gamma radiation dose increases. Analytically, the effective doping concentration of 
acceptors is fitted by a quadratic law according to: 𝐍𝐀𝐞𝐅𝐅.(𝐓𝐈𝐃) = 𝟏.𝟏𝟕 − 𝟒.𝟑𝟒 𝟏𝟎ି𝟐 × 𝐓𝐈𝐃 + 𝟒.𝟓𝟔 𝟏𝟎ି𝟔 × 𝐓𝐈𝐃𝟐    in   𝟏𝟎ି𝟏𝟕 cm-3 (18)

So that, the choice of NAeff seems to being physically meaningful as Qox-eff to analyze the electron 
transport in an irradiated n-MOSFET. From IୈୗୀIୈୗ(Vୋୗ) measurements in the linear regime, we 
have also extracted the transconductance. The relevant results are depicted in Figure 5. 

 

Figure 5. The transconductance as measured versus Total Ionizing Dose in the linear regime. 
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Two peculiar features were revealed: (i) For a fixed VGS the transconductance decreases with 
increased TID, (ii) Under a gamma radiation dose, the transconductance decreases as the gate-to-
source voltage increases. On the other hand, the transconductance can be fitted by the TID-dependent 
expression: 𝐠𝐦𝐋𝐑(𝐓𝐈𝐃) = 𝐚𝟎 + 𝐚𝟏 × 𝐓𝐈𝐃 + 𝐚𝟐 × 𝐓𝐈𝐃𝟐     𝐚𝟎(𝐕𝐆𝐒) = 𝟐𝟏.𝟗𝟐 − 𝟒.𝟎𝟖𝟓 × 𝐕𝐆𝐒                    𝐚𝟏(𝐕𝐆𝐒) = 𝟎.𝟎𝟒𝟏𝟐 − 𝟎.𝟏𝟎𝟒 × 𝐕𝐆𝐒             𝐚𝟐(𝐕𝐆𝐒) = 𝟓.𝟖𝟖 𝟏𝟎ି𝟓 + 𝟏.𝟕𝟗 𝟏𝟎ି𝟓 × 𝐕𝐆𝐒        

(19)

In the saturation regime, however, measurements of the drain current have been carried out as 
follows. Figure 6 depicts the relevant IDS versus TID for different applied VGS ranging from 1V to 3V. 

 
Figure 6. The drain-current versus Total ionizing Dose in the saturation regime. 

The drain is subjected to a fixed bias voltage VDS=3V. The plots reveal that: (i) for a VGS lower 
than 1.5V which corresponds to the threshold potential, the drain current does not show a significant 
change as the TID varies, (ii) Beyond this value, I-V at output exhibits, in contrary, an increasing 
tendency as TID increases. As it is also noted, the increasing of IDS is more noticeable with increased 
VGS. Similarly to IDS in the linear regime, saturated I-V characteristics are found to be fitted as a 
function of TID by a polynomial law with VGS -dependent coefficients. 𝐈𝐃𝐒,𝐬𝐚𝐭(𝐓𝐈𝐃) = 𝐚𝟎 + 𝐚𝟏 × 𝐓𝐈𝐃 + 𝐚𝟐 × 𝐓𝐈𝐃𝟐  + 𝐚𝟑 × 𝐓𝐈𝐃𝟑                                      𝐚𝟎(𝐕𝐆𝐒) =  𝟖𝟕.𝟑𝟕 − 𝟏𝟑𝟖.𝟓𝟗 × 𝐕𝐆𝐒 + 𝟓𝟐.𝟐𝟕 × 𝐕𝐆𝐒𝟐 (20)                          𝐚𝟏(𝐕𝐆𝐒) = 𝐚𝟏(𝛍𝐀 × 𝐊𝐫𝐚𝐝ି𝟏) = 𝟎.𝟏𝟏𝟒 − 𝟎.𝟏𝟐𝟎 × 𝐕𝐆𝐒 + 𝟖.𝟐𝟓𝟏𝟎ି𝟑 × 𝐕𝐆𝐒𝟐  𝐚𝟐(𝐕𝐆𝐒) =  𝟐.𝟖𝟖 𝟏𝟎ି𝟑 + 𝟐.𝟐𝟗 𝟏𝟎ି𝟑 × 𝐕𝐆𝐒 − 𝟏.𝟓𝟒 𝟏𝟎ି𝟒 × 𝐕𝐆𝐒𝟐 𝐚𝟑(𝐕𝐆𝐒) = 𝟑.𝟒𝟖 𝟏𝟎ି𝟔 − 𝟑.𝟒𝟔𝟏𝟎ି𝟔 × 𝐕𝐆𝐒 + 𝟕.𝟐𝟖 𝟏𝟎ି𝟖 × 𝐕𝐆𝐒𝟐 

An attempt to explain the latter results will be subsequently proposed. The first feature is 
predictable since the conductive channel is not yet formed below the threshold potential. While the 
increase in IDS as observed for VGS greater than Vth is due presumably to the flow of an excedent of 
free electrons originating from hole-electron pairs created at the vicinity of the channel in Si-substrate, 
In n-MOSFET transistors exposed to high TIDs, it is worth noting that this dysfunction can lead to a 
derivation of the operating point. From I-V measurements performed in the saturation regime, we 
have deduced as well the transconductance versus TID and VGS, see Figure 7. 
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Figure 7. The transconductance as measured versus TID in the saturation regime. 

As a main observation, the transconductance shows an increasing trend with increased TID. 
From a polynomial fitting, it was found that the transconductance can be written under the form:                 𝐠𝐦𝐒𝐑(𝐓𝐈𝐃) = 𝐚𝟎(𝐕𝐆𝐒) + 𝐚𝟏(𝐕𝐆𝐒) × 𝐓𝐈𝐃 + 𝐚𝟐(𝐕𝐆𝐒) × 𝐓𝐈𝐃𝟐 +  𝐚𝟑(𝐕𝐆𝐒) × 𝐓𝐈𝐃𝟑 𝐚𝟎(𝐕𝐆𝐒) = −𝟐𝟖𝟖.𝟐 + 𝟏𝟒𝟔.𝟓𝟐 × 𝐕𝐆𝐒 (21)                  𝐚𝟏(𝐕𝐆𝐒) = 𝟎.𝟏𝟒𝟗 − 𝟎.𝟏𝟏𝟕 × 𝐕𝐆𝐒                        𝐚𝟐(𝐕𝐆𝐒) = 𝟒.𝟑𝟐 𝟏𝟎ି𝟑 − 𝟏.𝟏𝟑 𝟏𝟎ି𝟓 × 𝐕𝐆𝐒                 𝐚𝟑(𝐕𝐆𝐒) = 𝟕.𝟗𝟖 𝟏𝟎ି𝟔 + 𝟏.𝟗𝟗 𝟏𝟎ି𝟔 × 𝐕𝐆𝐒 

The latter static parameter to being deduced is the conductance. As an experimental support, 
the drain current IDS has been measured versus  VDS only for TID=0 Krad and TID=348 Krad. The 
gate voltage is fixed at VGS =3V. From the relevant I-V characteristics, we have determined the 
conductance versus VDS. Results are shown in Figure 8. 
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Figure 8. The VDS-dependent conductance as obtained for TID=0 Krad and TID=348 Krad. 

It is thus found that the conductance shows a large amount with respect to that at TID=0 Krad 
for  VGS inferior to 2 V, which corresponds to VDS,SAT .In  the saturation regime, however, the 
conductance does not exhibit a significant change under the impact of gamma radiations. Note that, 
in the absence of experimental data for intermediate TIDs, it has not been possible to achieve a direct 
fitting. But the TID-dependence of this parameter can be derived from the transconductance by using 
the relationships 𝐠𝐃𝐋𝐑(𝐓𝐈𝐃) = 𝐠𝐦𝐋𝐑(𝐓𝐈𝐃) = 𝐕𝐆𝐒ି𝐕𝐭𝐡𝐕𝐃𝐒       for  VDS<VDS,SAT (22)𝐠𝐃𝐒𝐑(𝐓𝐈𝐃)  = 𝐠𝐦𝐒𝐑(𝐓𝐈𝐃) 𝐠𝐦𝐒𝐑𝟐𝟒𝐖𝛍𝐧𝐂𝐨𝐱 ට 𝟐𝛆𝟎𝛆𝐫𝐬𝐜𝐞𝐍𝐀𝐕𝐃𝐒ି𝐕𝐆𝐒ା𝐕𝐭𝐡            for  VDS >VDS,SAT 

The hreshold-potential VTh and the transconductance in both regimes gmLR and gmSR  have been 
calculated as a function of TID above. 

3.2. Hybrid and Dynamic Parameters 

A deal of interest has also been paid to the dynamic characteristics under the impact of gamma 
radiations. In section II, the hybrid parameters of the non- irradiated n MOSFET are defined by Eq. 
(10). As it is seen, they are related to the transconductance gm, the total capacitance C and the 
resistance RO at output. Note that these static parameters are affected by the TID. From Eq. (10), we 
can deduce the modulas of the hybrid parameters as a function of TID.         𝐡𝟏𝟏(𝐓𝐈𝐃) =  𝐑𝐢𝐧ට𝟏 + 𝐑𝐢𝐧𝟐 𝐂𝟐(𝐓𝐈𝐃)𝛚𝟐 (24)

        𝐡𝟏𝟐 = 𝟎         𝐡𝟐𝟏(𝐓𝐈𝐃) = 𝐠𝐦(𝐓𝐈𝐃) ∗ 𝐡𝟏𝟏(𝐓𝐈𝐃)   𝐡𝟐𝟐(𝐓𝐈𝐃)= 𝟏𝐑𝐃 ∗ 𝟏𝐑𝐎(𝐓𝐈𝐃) 
The TID-dependence of the dynamic parameters can be established as well using the set of 

relations: 𝐙𝐢𝐧(𝐓𝐈𝐃) =  𝐡𝟏𝟏(𝐓𝐈𝐃) (25)
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      𝐀 𝐯(𝐓𝐈𝐃) = 𝐡𝟐𝟏(𝐓𝐈𝐃)𝐑𝐋𝐡𝟏𝟏(𝐓𝐈𝐃)         𝐀𝐢(𝐓𝐈𝐃) = 𝐡𝟐𝟏(𝐓𝐈𝐃)         𝐙𝐨𝐮𝐭(𝐓𝐈𝐃) = 𝟏𝐡𝟐𝟐(𝐓𝐈𝐃)         𝛚𝐜(𝐓𝐈𝐃) = 𝟏𝐂(𝐓𝐈𝐃)𝐑𝐢𝐧ᇱ  

For the bias-resistances in the static regime, we have taken RG1=RG2=10MΩ and RD=10KΩ. 
Wherares the operating frequency is fixed at N=100 GHz, which corresponds to ω=6.281011 rds-1. The 
gate-to-source voltage VGS is treated as an adjustable variable.  Using Eqs (24) and (25), we have 
computed the hybrid parameters and their related dynamic characteristics for the n-MOSFET 
investigated versus TID and VGS. Figure 9 depicts the plots as obtained in the TID range 36.66 Krad -
329.6 Krad and for VGS fixed at 2V and 3V respectively which correspond to the amplifier operating 
regime. As has been found: (i) For VGS =2V, both the hybrid and dynamic parameters show a 
significant change under the effect of gamma radiations particularly at high gamma-ray doses, (ii) 
They, however, seem to be less impacted under the same TIDs at VGS =3V. 

 

 

0 50 100 150 200 250 300 350
100

1000

bZout(VGS=3V)

Zout(VGS=2V)

Zin(VGS=3V)

Total Ionzing Dose (Krad)

Zi
n(

oh
m

)

Zin(VGS=2V)

100

1000

10000

 Z
ou

t (
oh

m
)

0 50 100 150 200 250 300 350
0
1
2
3
4
5
6
7
8
9

10
11
12

Vo
lta

ge
 g

ai
n 

A
v

Total Ionizing Dose (Krad)

VGS=2VVGS=3V

b

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 May 2025 doi:10.20944/preprints202505.1056.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202505.1056.v1
http://creativecommons.org/licenses/by/4.0/


 13 of 15 

 

 

 

Figure 9. imput/output Impedances (a); Current/Voltage Gains (b-c) and Cutoff Frequency (d) versus TID for 
VGS=2V and 3V respectively. 

4. Summary and Conclusions 

The present work is aimed to investigate the effects of gamma-absorbed radiations on the 
electron transport in an n-MOSFET grown on SOI membrane. The electrical behavior of the transistor 
is characterized using direct-current measurements. From the relevant results, it has been shown that 
exposure to   a relatively high gamma-ray dose can lead to a drastic degradation of the MOSFET 
characteristics at output. As a proposal of explanation, these degenerations are assigned to an 
accumulation of trapped holes in the gate-oxide and at the oxide-channel interface. Here, the trapping 
of charges is modeled in terms of a compensating donor center. Which has led to defining the effective 
concentration of acceptors by including the trapping effects. As a direct impact of gamma radiations, 
the threshold potential is shifted and both the transconductance and conductance are dysfuntioned. 
Theoretically, we have developed a direct-current model to simulate the static parameters as a 
function of the total ionizing dose. As an experimental support, a series of I-V measurements were 
performed at room temperature before and after gamma irradiation. From a polynomial fitting, it has 
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been possible to establish a set of TID-dependent empirical laws for these parameters. A deal of 
interest has also been paid to the impacted dynamic characteristics. Using a small-signal model, we 
have deduced the hybrid parameters and their related input and output impedances as well as 
voltage and current gains. The last step of the simulation has been dedicated to computing the TID-
dependent cutoff frequency. The n-MOSFET under investigation is assumed to operating as an 
amplifier. Two main conclusions can be drawn: (i) For a fixed VGS of 2 V, all dynamic parameters 
are strongly affected by gamma radiation, (ii) the change in electrical behavior becomes less 
pronounced for higher VGS values. In contrast, the cutoff frequency degrades steadily for both VGS 
conditions. These results demonstrate that gamma-induced degradation mechanisms directly impact 
performance and reliability in low-power applications. Increased leakage and reduced gain at typical 
biasing conditions highlight the vulnerability of energy-constrained systems in radiation-prone 
environments. Consequently, the modeling and empirical laws derived in this work are expected to 
support the development of radiation-hardened, energy-aware design strategies for low-power 
MOSFET-based electronics. 
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