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Abstract 

The component elements of the field effect transistors can be grouped into two distinct categories. Extrinsic elements 

representing different access structures such as parasitic resistances    and     . Among the intrinsic elements, the 

transconductance     is cited, which reflects by its nature the localized behavior of the physical structure of the 

transistors. 

 The transconductance     represents the control mechanism of the transistor; it is the variation of the drain 

current      depending on the gate voltage for a constant drain voltage. In this work we studied: 

- Transconductance variation    according to the gate length L and voltage     . 

- Transconductance variation    according to the resistance    and voltage     . 
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1. Introduction 

 Transistors GaAs metal-semiconductor field effect (MESFET) are widely used in microwave and digital 

applications due to their superior characteristics at high frequencies [1], [4]. 

 Simulation of nonlinear circuits based on GaAs requires the use of a precision MESFET model, if predicted 

circuit performance and completion are closely correlated. In industry, it usually starts with a computer simulation of 

the device or circuit manufacture. Development or improvement of new channels of components requires means for 

modeling, realization and characterization [1], [2]. 

 It is therefore very important to predetermine the characteristics of the component, physical modeling here is 

one of its main applications. Depending on the application and chosen taking into account the complexity of the 

operation of a transistor gate field effect submicron, optimization of the component according to the geometrical and 

physical parameters is only possible by the experimental approach. [2], [6]. 

 It is imperative to understand the phenomenon exists, and the variation of a single parameter technology may 

be able to have various effects on the characteristics and possibilities of the field effect transistor. Those are not easy 

to analyze without an accurate determination of internal parameters that govern [3], [4], 

 The component designer must know the influence of technological parameters, so that it may consider their 

influence on the behavior of the device. Especially when it comes to circuits monolithic microwave integrated [5], [6]. 

2. Calculation of the transconductance    

 
 

The expression of the transconductance is given by the equation:
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2.1. Variation of Transconductance    depending on the gate length  L and voltage     (we take   = 100 Ω) 
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We see that the value of the channel transconductance decreases with increasing width of the gate, which 

confirms the phenomenon of electrons over speed in the channel for submicron components. 

 

2.2. Variation of the transconductance    according to the resistance    and the voltage     (we take L=1E-6) 
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Fig. 1 Variation of Transconductance    depending on  

the gate length  L  and voltage     (we take         ) [(a), (b), (c)] 
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We note that the influence of the source parasitic resistance value    on the transconductance is minimal. 

3. Conclusion  

The results are in agreement with the literature under the same conditions, the method is applicable for all other 

geometries. 

The Poisson equation can have an analytical formula for the depopulated area and the voltage; therefore have a 

better accuracy in the calculation of other parameters. 
 
 

References  
 

[1] P. Kennis and L. Faucon, “Rigorous analysis of planar MIS transmission lines layered lossy media”, Electron. Lett. 18(14); July 

1982. 
 

[2] A. Benghalia, M. Ahmadpanah and H. Baudrand, “Accurate two-dimensional approach for capacitance calculation in 

microcoplanar MES transmission lines”, Electron. Lett. 24(16); p. 996-998 (August 1988). 
 

[3] M. J. Golio, J.R.C. Golio, IEEE Trans. Microwave Theory Tech. 39; 142-146 (1991). 

 
[4] Enokit., S. Sugitani, Y. Yamane, IEEE Trans.Electron. Devices 37, p. 935-941 (1990). 

 

[5] S. Lepaul, “Contribution a la modélisation numérique des composants électroniques aux dimensions nanométriques” // Thèse 
de doctorat, Université de Paris VI ; 1996. 

 

[6] Kazushige Horio and Tomiko Yamada, “Two dimensional analysis of surface state effects on turn-on characteristics in GaAs 
MESFET’s”, IEEE Trans. Electron. Devices, ED-46; no. 4 (April1999). 

 

 

Fig. 2  Variation of the transconductance    according to the resistance    and the 

voltage     (we take L=1E-6) [(a),(b)]   
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