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Abstract Drain current and pinch-off voltage of ultrathin double-gateMOSFET are
analytically calculated based on Taur’s model, where the centre potential is derived
from Ortiz-Conde formulation. Drain current is computed for different structural
parameters in lower nanometric range, and the effect of the high-K dielectric is
investigated. Pinch-off voltage shift is therefore derived from the simulated findings
and compared with the available findings followed by Ortiz-Conde. The result shows
a measurable variation in the parameters, and the root cause is explained from the
electrostatic point of view. Findings are important for conductance calculation.
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1 Introduction

Research onmultiple-gateMOSFETgets attention in the last decade due to the severe
constraint of short-channel effect [1] in low-dimensional devices and thereby require-
ment of precise gate control [2]. In submicron devices, more precisely when device
dimension goes beyond 100 nm, the requirement of lower DIBL and moderate sub-
threshold slope instigates several novel FET architectures, and double-gateMOSFET
is oneof the supremecandidates [3–5] among them.Onebranchof device engineering
deals with tunnelling mechanism-based transistors, which results in single-electron
transistor [6], tunnel field-effect transistor [7], etc., whereas another arena of research
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is gate engineering where multiple gates, as well as various architectures [8–10], are
proposed for controlling electron transport. DGMOSFET is the result of later avenue
of research as mentioned, and it offers excellent properties for analog [11] as well
as digital [12] applications. Tied-gate architectures are preferred for higher current
density [13], whereas independent-gate architecture offers lower threshold voltage
[14], and henceforth preferred for low power design.

Inversion layer properties of DG MOSFET are analytically investigated by
Palanichamy [15] after the simultaneous solution of Schrödinger and Poisson’s equa-
tion, whereas weak inversion properties are computed by Bhartia [16] after inclusion
of channel length modulation parameter. An explicit model was derived by Zhu
et al. [17] following Taur’s model, but that is only applicable for undoped structure.
Hariharan [18] later included velocity saturation model for submicron device where
gate length is considered 200 nm. The effect of the number of gates on drain cur-
rent is investigated by Yu [19], followed by compact model development [20]. Very
recently, Yu published [21] SPICE-compatible model for surface potential compu-
tation. In the present paper, drain current of symmetric DGMOSFET is analytically
calculated based on Taur’s model where centre potential is obtained from Ortiz-
Conde analysis. The results are shown the closer agreement of data with published
literature. Corresponding pinch-off voltage is calculated for different high-K dielec-
tric and compared with that obtained for conventional SiO2 material. The results are
important for computing conductance of the device.

2 Mathematical Formulation

For long-channelDGMOSFET structure, the solution of 1DPoisson’s equation gives
[22]

φ(z) = φC − 2φt ln

[
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where the parameter is defined as [22]

β = tsub
2
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Here tsub defines the thickness of the substrate, φC is the quasi-Fermi potential
for electrons inside the channel.

Drain current for the device is given by

IDS = μneff
W

L

4εsub
tsub

(2φt )2[ f (βs) − f (βd)] (3)
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where

f (β) = β tan β − 0.5β2 + εsubtox
εoxtsub

β2 tan2 β (4)

In this case, φ0 denotes the centre potential. In the present work, the value of
centre potential is calculated following the Ortiz-Conde formulation [23].

Centre potential according to [23] is defined as

φ0 = U −
√
U 2 − (VGS − V f b)φ0max (5)

where ‘U’ and φ0max are already defined.
In original Taur’s model, centre potential is calculated from Eq. (1) with suitable

boundary conditions, which is hereby replaced by Eq. (5).

3 Results and Discussion

Based on Eq. (3), we first calculated drain current for symmetric DG MOSFET, and
the result is compared with that obtained from Ortiz-Conde model [23]. The result
shows a very close agreement in saturation current, but a considerable difference in
the active region. It is revealed fromFig. 1a that the slope of the active region is steeper
in Ortiz-Conde model, whereas in the present paper, pinch-off voltage is delayed.
This is due to the fact that the centre potential in the proposed model is a slowly
varying function an affects the both source- and drain-end potentials, whereas in the
model [23], the effect is overlooked. However, in the saturation region, the difference
becomes negligibly small because of increasing drain voltage, which overcomes the
effect of centre potential variation. The comparative study is also performed with the
data obtained from Taur’s model [24] and represented in Fig. 1b.

In Taur’s model, centre potential is calculated directly from the function β [24].
Here that is computed from [23], and a noticeable difference is observed. This is
due to the fitting of [23], where the function β, defined in Eq. (2), becomes a func-
tion of centre potential, and corresponding total potential function. High-K effect is
investigated based on that modification. With the increase of dielectric constant, it
is found that drain current decreases, as evident from Fig. 2. This is quite obvious,
but another interesting fact that corresponding to the reduction of saturation current,
pinch-off voltage takes a right shift.

The effect of dielectric thickness is investigated in Figs. 3 and 4 represent the
substrate thickness effect. With the increase of dielectric thickness, current decreases
and that is true for the substrate layer width also. Again pinch-off point shifts with
the relative change and that is represented in tabular form.

The effect of back-gate voltage is calculated and plotted in Fig. 5. It is seen from
the plot that the higher gate voltage leads to delay in pinch-off point due to the
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Fig. 1 a Comparative analysis of drain current with Ortiz-Conde model [23]. b Comparative
analysis of drain current with Taur model [24]



Investigating Effect of Structural Parameters on Static … 15

Fig. 2 Effect of high-K dielectric on drain current

Fig. 3 Effect of dielectric thickness on drain current
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Fig. 4 Effect of substrate thickness on drain current

Fig. 5 Effect of back-gate voltage on drain current
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Table 1 Pinch-off voltage for different dielectric thickness with two sets of back-gate voltage

tox
(nm)

VP (volt)

SiO2 Al2O3 HfO2 TiO2

VG =
0.8 V

VG =
1 V

VG =
0.8 V

VG =
1 V

VG =
0.8 V

VG =
1 V

VG =
0.8 V

VG =
1 V

2 0.35 0.54 0.35 0.55 0.38 0.59 0.39 0.59

5 0.31 0.51 0.31 0.5 0.35 0.54 0.37 0.54

8 0.27 0.46 0.28 0.45 0.3 0.49 0.33 0.51

10 0.25 0.41 0.26 0.42 0.28 0.44 0.32 0.5

Table 2 Pinch-off voltage for different substrate thickness with two sets of back-gate voltage

tsub
(nm)

VP (volt)

SiO2 Al2O3 HfO2 TiO2

VG =
0.8 V

VG =
1 V

VG =
0.8 V

VG =
1 V

VG =
0.8 V

VG =
1 V

VG =
0.8 V

VG =
1 V

5 0.32 0.48 0.31 0.49 0.33 0.52 0.34 0.51

7 0.34 0.49 0.32 0.5 0.34 0.53 0.34 0.53

10 0.34 0.5 0.34 0.51 0.37 0.54 0.37 0.55

15 0.35 0.52 0.35 0.53 0.37 0.54 0.39 0.57

enhancement of the threshold barrier. But it also leads to higher saturation current
due to DIBL factor. Corresponding data is shown in Tables 1 and 2.

4 Conclusion

Centre potential, as derived from Ortiz-Conde model, is put into the existing Taur’s
model, and both drain current and pinch-off voltages are computed from that. The
results showa good agreement in the saturation region. The effect of structural param-
eters and back-gate voltage is calculated, and the shift of pinch-off voltage is vividly
reflected from that results. Findings have greater significance for the computation of
conductance characteristics.

References

1. Kim,Y.B.:Challenges for nanoscaleMOSFETs and emergingnanoelectronics. In: Transactions
on Electrical and Electronic Materials, vol. 11, no. 3, pp. 93–105 (2010)

2. Hiramoto, T., Nagumo, T.:Multi-gateMOSFETswith back-gate control. In: IEEE International
Conference on IC Design and Technology (2006)



18 R. Chakraborty et al.

3. Yadav, V.K., Rana, A.K.: Performance analysis of double gate MOSFETs with different gate
dielectric. In: IEEE International Conference on Signal Processing, Computing and Control
(2012)

4. Xiong, D.X., Sun, L., Yan, L.X., Qi, H.R.: A comparative study of double gate MOSFET with
asymmetric barrier heights at source/drain and the symmetric DG-SBFET. In: International
Workshop on Junction Technology (2009)

5. Dasgupta, A., Das, R., Chakraborty, S., Dutta, A., Kundu, A., Sarkar, C.K.: Comparisons
between dual and tri material gate on a 32 nm double gate MOSFET. Nano 11(10), 1650117
(2016)

6. Willy, F., Darma, Y.:Modeling and simulation of single electron transistor withmaster equation
approach. J. Phys: Conf. Ser. 739, 012048 (2016)

7. Yang, Z.: Tunnel field-effect transistor with an L-shaped gate. IEEE Electron Device Lett.
37(7), 839–842 (2016)

8. Singh, M., Kumar, G., Bordoloi, S., Trivedi, G.: A study on modeling and simulation of
multiple-gate MOSFETs. J. Phys: Conf. Ser. 759, 012093 (2016)

9. Singh,D., Panda, S.,Mohapatra, S.K., Pradhan,K.P., Sahu, P.K.: Static performance analysis on
UTB-SG and DGMOSFETs with Si and III–V channel materials. In: International Conference
on High Performance Computing and Applications (2014)

10. Jimenez, D., Iniguez, B., Sune, J., Marsal, L.F., Pallares, J., Roig, J., Flores, D.: Continuous
analytic I-Vmodel for surrounding-gateMOSFETs. IEEEElectronDeviceLett.25(8), 571–573
(2004)

11. Zhang, W., Fossum, J.G., Mathew, L., Du, Y.: Physical insights regarding design and perfor-
mance of independent-gate FinFETs. IEEE Trans. Electron Devices 52(10), 2198–2206 (2005)

12. Keane, J., Eom, H., Kim, T.H., Sapatnekar, S., Kim, C.: Stack sizing for optimal current
drivability in subthreshold circuits. IEEE Trans. Very Large Scale Integr. Syst. 16(5), 598–602
(2008)

13. Woo, H.J., Jin, K.C., Kyu, C.Y.: Universal potential model in tied and separated double-gate
MOSFETs with consideration of symmetric and asymmetric structure. IEEE Trans. Electron
Devices 55(6), 1472–1479 (2008)

14. Liu, Y.X., Masahara, M., Ishii, K., Tsutsumi, T., Sekigawa, T., Takashima, H., Yamauchi, H.,
Suzuki, E.: Flexible threshold voltage FinFETs with independent double gates and an ideal
rectangular cross-section Si-Fin channel. In: IEEE International Electron Devices Meeting
(2003)

15. Palanichamy, V., Balamurugan, N.B.: Analytical modeling of drain current, capacitance and
transconductance in symmetric double-gate MOSFETs considering quantum effects. Int. J.
Nanosci. 12(1), 135005 (2013)

16. Bhartia,M., Chatterjee, A.K.:Modeling the drain current and its equation parameters for lightly
doped symmetrical double-gate MOSFETs. J. Semicond. 36(4), 044003 (2016)

17. Zhu, Z., Zhou, X., Rustagi, S.C., See, G.H., Lin, S., Zhu, G., Wei, C., Zhang, J.: Analytic and
explicit current model of undoped double-gate MOSFETs. Electron. Lett. 43(25), 1–2 (2007)

18. Hariharan, V., Vasi, J., Rao, V.R.: Drain current model including velocity saturation for sym-
metric double-gate MOSFETs. IEEE Trans. Electron Devices 55(8), 2173–2180 (2008)

19. Yu, B., Song, J., Yuan, Y., Lu, W.Y., Taur, Y.: A unified analytic drain-current model for
multiple-gate MOSFETs. IEEE Trans. Electron Devices 55(8), 2157–2163 (2008)

20. Karatsori, T.A., Tsormpatzoglou, A., Theodorou, C.G., Ioannidis, E.G., Haendler, S., Planes,
N., Ghibaudo, G., Dimitriadis, C.A.: Development of analytical compact drain current model
for 28 nmFDSOIMOSFETs. In: 4th International Conference onModern Circuits and Systems
Technologies, pp. 1–4 (2015)

21. Yu, F., Huang, G., Lin,W., Xu, C.: An analytical drain current model for symmetric double-gate
MOSFETs. AIP Adv. 8, 045125 (2018)

22. Taur, Y., Liang, X., Wang, W., Lu, H.: Analytic drain current model for DG MOSFETs. IEEE
Electron Device Lett. 21(5), 245–247 (2004)



Investigating Effect of Structural Parameters on Static … 19

23. Ortiz-Conde, A., Garcia-Sanchez, F.J., Muci, J.: Analytical solution for drain current of
undoped symmetric dual-gate MOSFETs. Solid State Electron. 49(4), 640–647 (2005)

24. Taur, Y., Liang, X., Wang, W., Lu, H.: A continuous, analytic drain-current model for DG
MOSFETs. IEEE Electron Device Lett. 25(2), 107–109 (2004)


	Investigating Effect of Structural Parameters on Static Characteristics of Ultrathin DG MOSFET Using Taur’s Model
	1 Introduction
	2 Mathematical Formulation
	3 Results and Discussion
	4 Conclusion
	References




