Exercise for MESFET LAB: Theoretical Exercise
Dragica Vasileska (ASU) and Gerhard Klimeck (Purdue)

1. In a typical MOSFET device there is always a trade-off between the on current and the output conductance and the channel doping. Low channel doping is required to get more inversion layer electrons, but that can lead to large output conductance and punch-through effect. To prevent the punch-through and the output conductance effect larger channel doping densities are typically used. The situation is opposite in MESFET devices. The higher the doping of the channel, the smaller the depletion region width under the Schottky gate and the larger the conductance of the channel, therefore the larger the on current. This behavior can be simulated by considering the output characteristics of a 0.3 um channel length MESFET device with source gap of 0.1 um and drain gap of 0.1 um. Substrate doping that equals 2×1017 cm-3, 3×1017 cm-3 and 5×1017 cm-3, respectively. A GaAs MESFET is fabricated using an epitaxial layer doped to ND = 1017 cm-3 that is 0.2 μm thick. The Schottky barrier metallization has a barrier height of 0.75 eV.

(a) Evaluate the built-in voltage Vbi.

(b) Evaluate the pinch-off voltage Vpo.

(c) Evaluate the threshold voltage VT.

(d) Is the resulting transistor a depletion or enhancement mode device?

(e) What is the depletion layer thickness with zero gate voltage?

2. Write a program to evaluate the drain current as a function of VD for a specified gate voltage. Use the transistor parameters of problem 1. The program should be valid for all channel lengths; assume that μn = 5000 cm2/V-s and vs = 1.3×107 cm/s.

(a) Plot ID(VD) with VG = 0 for a transistor with L= 10 μm and Z = 100 μm.

(b) Repeat (a) for L = 0.2 μm and Z = 100 μm.

(c) Compare VDsat in (b) with the value VDsat = EsL which is the extreme velocity saturation limit. Does this limit apply to a transistor with L = 0.2 μm?
