
World scientific research journal 
 

 

https://scientific-jl.com/wsrj                                                    Volume-40_Issue-2_June-2025 
 

131 

LOCALIZED OXIDE TRAPPED CHARGE'S EFFECT ON THE  

CAPACITANCE BETWEEN GATE-SOURCE IN FINFET DEVICES 

 

Foziljonov Mirzabaxrom Baxtiyorjon o’g’li 

Andijon davlat universiteti doktoranti 

Raxmonkulova Nargizaxon Baxromjon qizi 

Qo’qon universiteti Andijon filiali assitenti 

Tel: +998990998094 

 

Abstract. This study examines the effect of localized oxide trapped charge on the 

capacitance of the gate-to-source (drain) connection in silicon-on-insulator (SOI) 

based FinFET devices. The capacitance-voltage characteristics of the gate-source 

capacitance are analyzed using a small AC signal technique. The gate-source (gate-

drain) capacitance is evaluated at various positions along the channel where the 

localized oxide trapped charge is present. Additionally, the distribution of charge 

carriers along the channel at different locations of the localized oxide trapped charge 

is taken into account. The results demonstrate a consistent increase in the gate-source 

capacitance as the distance between the source-channel boundary and the center of 

the localized charge increases. 

Keywords: Capacitance-Voltage (C-V) characteristics, oxide trapped charge, 
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Introduction. MOSFETs, particularly FinFETs, can experience degradation due 

to electrical stress or radiation, impacting their performance. Key degradation 

mechanisms include hot carrier injection, bias temperature instability, off stress, and 

radiation-induced charge accumulation. These effects result from charges trapped in 

the oxide layer or at the interface, necessitating careful consideration in the design of 

analog and digital integrated circuits. Charge trapping in the oxide affects MOSFET 

parameters such as threshold voltage, subthreshold slope, and transconductance, 

which lead to performance degradation. To analyze charge trapping mechanisms, it is 

essential to develop methods for estimating the localization and distribution of 

trapped charge along the channel. A practical diagnostic approach involves measuring 

the capacitance-voltage characteristics of lateral source (drain)-channel p-n junctions, 

as experimentally validated in the literature. Non-uniform charge distribution in the 

oxide or at the semiconductor-oxide interface is reflected in these junctions, providing 

insights into charge trapping along the channel. 

This study adapts this method, originally designed for planar MOSFETs, to SOI 

FinFETs. It focuses on the influence of oxide and interface-trapped charge on the 

capacitances of lateral source-channel (drain-channel) p-n junctions. In SOI FinFETs, 

the gate-source (or gate-drain) connection includes this capacitance (Cp-n), which 
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significantly contributes to the overall capacitance of the selected connection. The 

gate-source and gate-drain connections consist of gate oxide capacitance (Cox), 

depletion layer capacitance (Cdep), and source-channel p-n junction capacitance (Cp-

n). In the proposed approach, only the barrier capacitance of the source-channel p-n 

junction is considered. A positive voltage is applied to the n-type source contact 

relative to the gate, inducing accumulation near the oxide-semiconductor interface, 

thereby excluding Cdep. Under these conditions, the resulting capacitance Cgs can be 

expressed as follows: 

                                                 
where Cox is the gate oxide capacitance per unit area, which remains independent 

of the applied voltage. Estimations indicate that the depletion layer width of the 

source-channel (drain-channel) p-n junction is approximately 0.1 μ, while the gate 

oxide thickness tox is 2.5 nm. Consequently, Cp−n is significantly smaller than Cox, 

leading to: 

                                                         
Since Cp−n is highly sensitive to the distribution of trapped charge in the oxide, 

this study simulates the dependence of Cgs on the position of localized oxide-trapped 

charge along the channel.  

Simulation conditions and transistor parameters. 3D simulation was provided by 

using Advanced TCAD Sentaurus. The C-V dependence of the gate-source (gate-

drain) connections was simulated on the basis of the small AC signal method. It is 

used a 1 MHz frequency in the method. The structure of the simulated SOI FinFET is 

shown in Fig. 2. Gate length Lgate and gate oxide thickness are 25 nm and 2.5 nm 

respectively. The thicknesses of the channel TSi and back oxide Tbox are 30 and 100 

nm respectively. The width of the channel is 12 nm. The doping level of the p-Si 

channel is 1·1015 cm-3. 
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Fig.1. Cross-section of the simulated 

SOI FinFET with capacitances between 

contacts. 

Fig.2. 3D structure of the simulated 

SOI FinFET 

The capacitance Cgs of the gate-source connection is simulated at different 

distances between the center of the local oxide trapped charge and source-channel 

border. Local oxide trapped charge is modeled as a homogeneously charged area in 

the oxide layer. The density of charge in the charged area is 1012 cm-2 (or 4·1018 cm-

3) and is appropriate to the value which can take place in MOSFET. Linear size of the 

local charge along channel d=5nm.  

While the depletion layer width of the lateral source-channel (drain-channel) p-n-

junction is more than the channel length, the local charge trapped in the oxide at a 

distance L from the border source-channel has impacts on the carrier distribution in 

the channel. Therefore this impact should be reflected in the capacitance of the source-

channel junction and hence in the C-V dependence of the gate-source capacitance 

connection. FinFET has symmetry relative to the channel center and hence both 

capacitances of the gate-source and gate-drain connections should be the same. 

Therefore in the following, it is presented the results only for gate-source connection.  

Simulation results and discussion. Results of the simulation of C-V dependence 

of the gate-source capacitance Cgs are shown in table 1. It is seen in the figure that at 

high applied voltages the capacitance Cgs significantly and monotonically depends on 

the position of the local trapped charge along the channel (Fig.3). Position L=2.5 nm 

is an exception in this dependence (Fig.3, point B) because in this position the local 

charge area is in contact with the end of the oxide layer. 

C-V dependence of gate-source connection capacitance at different positions of 

the local trapped charge. 
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Fig.3. Cgs dependence on L at 

Vgs=4.5 V. Point A corresponds to the 

case when the local trapped charge is 

absent, point B corresponds to the 

Fig4. Electron density distribution 

along the channel at depth 2nm from the 

channel surface, at different positions L 

of the local oxide trapped charge. 
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position of the local trapped charge at 

L=2.5 nm. 

The increase of the capacitance Cgs is connected with the influence of the local 

trapped charge on carrier concentration in the channel. The local charge trapped in 

the oxide layer increases the carrier concentration near the channel surface (fig.4) and 

as a result, the capacitance is increased. By definition capacitance is  

Cgs  = dQV/dV                                (2) 

here dQV is a change of the charge in the capacitor Cgs at a change the applied 

voltage by dV. At trapping the local charge in the gate oxide layer the electron 

concentration in the channel is changed and the charge in the Cgs capacitance is 

changed by dQLC. Therefore the formula (2) can be rewritten by the following 

expression 

Cgs = (dQV + dQLC)/ dV              (3) 

This expression explains the increase of the capacitance Cgs.  

At position L= 2.5 nm of the oxide trapped charge the configuration of the 

capacitance Cgs is changed because the local charge will be in contact with the end of 

the oxide layer (Fig.5). In this case the electron density in the channel surface will be 

redistributed which result in sufficiently increasing the capacitance Cgs more than in 

unbiased case and relatively capacitances corresponding to other positions (Tab.1). 

At high applied voltages the redistribution of the carrier densities leads to increasing 

the Cgs with increasing L (Fig.7).  

 
Fig.5. Cross-section of the FinFET with local charge trapped in oxide and which 

is located at the end of oxide layer. L=2.5 nm. 

Due to the symmetry of the FinFET dependence of the gate-drain connection 

capacitance Cgd on the L should be reverse relative dependence Cgs on L, which means 

the decreasing Cgd with increasing L (Fig.7). Cgs and Cgd dependences on the L can be 

used for estimation the position of the local charge trapped in oxide along the channel. 

For this purpose, the ratio Cgd/Cgs dependence on L can be used (Tab.2).  
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Fig.6. The change of the electron 

density in the channel at a depth 2 nm 

from the surface at trapping the local 

charge in the oxide layer at the 

different positions.  A is point is the 

case without trapped charge, and B is 

the position with L=2.5 nm. 

Fig.7. Cgs and Cgd dependence on the 

position of the local oxide trapped charge 

along the channel. 

 

 

It is seen in the tab.2 that if the local charge trapped is trapped in the oxide in the 

source side from the channel center the ratio Cgd/Cgs is less than 1, and if the local 

charge is trapped in the drain side from the center of the channel the ratio is more than 

1. If the local charge trapped in the center along the channel the ratio Cgd/Cgs is equal 

to 1. 

The ratio Cgs/Cgd dependence on the position of the local oxide trapped charge 

along the channel.                                                                                                                      

Table. 1 

 

 2,50E-09 0,95726 

 7,50E-09 0,9751 

 1,25E-08 1,00048 

 1,75E-08 1,02642 

 2,25E-08 1,04541 

 

Conclusion. The simulation results indicate that in an SOI FinFET, at certain 

applied voltages, the gate-source capacitance exhibits a monotonic dependence on the 

location of the trapped charge within the oxide. This behavior is attributed to the 

impact of the localized charge on the distribution of carriers at the channel surface.   

An exception to this dependence occurs when the trapped charge is positioned at 

the edge of the oxide layer.   Additionally, it has been demonstrated that the ratio 

Cgd/Cgs varies linearly with the position of the trapped oxide charge along the channel 
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in an SOI FinFET. This relationship provides a basis for developing a method to 

verify charge trapping and estimate the spatial distribution of trapped charge within 

the channel. 

 

REFERENCES 

J. Martín-Martínez, S. Gerardin, E. Amat, R. Rodríguez, M. Nafría, X. Aymerich, 

et al. Channel-hot-carrier degradation and bias temperature instabilities in CMOS 

inverters. IEEE Trans Electron Devices 2009;56:2155–9. https://doi.org/10.1109/ 

TED.2009.2026206. 

B. Kaczer, T. Grasser, P. J. Roussel, J. Franco, R. Degraeve, L.A. Ragnarsson, et 

al. Origin of NBTI variability in deeply scaled pFETs. IEEE Int Reliab Phys Symp 

Proc. 2010:26–32.     https://doi.org/10.1109/IRPS. 2010.  5488856. 

Nam-Hyun Lee, Hyungwook Kim, Bongkoo Kang, Impact of off-state stress and 

negative bias temperature instability on degradation of nanoscale pMOSFET, IEEE 

Electron Device Lett. (2012) 33 (2), 137–139. 

A. E. Atamuratov, A. Yusupov, and K. Adinaev. Experimental Assessment of the 

Nonuniform Radiation-Induced Space-Charge Distribution in the Surface Region of 

Silicon. Inorganic Materials, Vol. 37, No. 8, 2001, pp. 767–768       

E. Atabek Atamuratov, Ahmed Yusupov, A. Zukhra Atamuratova, Jean 

Chamberlain Chedjou and Kyamakya Kyandoghere. Lateral Capacitance–

VoltageMethod of NanoMOSFET for Detecting the Hot Carrier Injection. Appl. Sci. 

2020, 10(21), 7935; doi:10.3390/app10217935. 

A. E. Atamuratov, D. U. Matrasulov, and P. K. Khabibullaev. Detection of a 

Charge Built in the Oxide Layer of a Metal–Oxide–Semiconductor Field-Effect 

Transistor by Lateral C-V Measurement. Doklady Physics, 2007, Vol. 52, No. 6, pp. 

322–325. 

I. Starkov, A.S. Starkov, Investigation of the threshold voltage turn-around e_ect 

in long-channel n-MOSFETs due to hot-carrier stress. Microelectron. Reliab. 2014, 

54, 33–36. 

A.E. Abdikarimov, The Influence of a Single Charged Interface Trap on the 

Subthreshold Drain Current in FinFETs with Different Fin Shapes.,Technical Physics 

Letters, 2020, 46(5), pp. 494–496 

A.E. Atamuratov, M.M. Khalilloev, A. Yusupov, J.C. Chedjou, K. Kyandoghere 

Contribution to the physical modelling of single charged defects causing the random 

telegraph noise in junctionless FinFET Applied Sciences (Switzerland), 2020, 10(15), 

5327 

 

https://scientific-jl.com/wsrj
https://doi.org/10.1109/
https://doi.org/10.1109/IRPS

