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Spring 2022

The square-law model is frequently used to model MOSFETs for quick hand calculations and for gaining
insight into circuits. This model, for an n-channel transistor, is described by the equations:

IG = IB = 0
( 0 Vgs < Vry Cutof f
w Vbs . .
i _ uCOXr (VGS - VTH - T) VDS VGS = VTHJVDS < (VGS - VTH) Trlode/LLnear
DS =
w
HCoxi (Vas — Vru)*(1 + AVps)  Vgs = Vru, Vps = (Vs — V)~ Saturation
Equation 1
where,
Vew = Vo + v ¢ — Vps — \/5)
Equation 2

In these equations, Vs, Vs, Vps, W, and L are parameters that can be selected by the designer (design
variables). The variables uC,,, 4, ¥, and Vg are process parameters that are unique to the process and cannot
be selected by the designer. To do any quick hand calculations for a circuit, these process parameters must be
found.

For this lab, assume ¢ = 0.6V.

Question 1: Suppose the current through an n-channel MOSFET is measured twice. The first time, the gate-
source voltage is Vi¢1. The second time, the gate-source voltage is V;5,. All other design variables remain the
same across both measurements. In both measurements, the device is saturated and Vgg = 0. You do not know
the values of uC,,, 4, or y. Derive the below expression for the device’s no-bias threshold voltage (Vyyo). You
must show your work.

Hint: Two equations, two unknowns

Question 2: Suppose the current through an n-channel MOSFET is measured twice. The first time, the drain-
source voltage is Vpgq. The second time, the drain-source voltage is V5. All other design variables remain the
same across both measurements. In both measurements, the device is saturated and Vg = 0. You do not know
the values of uC,,, 4, or y. Derive the below expression for A. You must show your work.
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Question 3: Suppose the situation from Question 1 is repeated, but this time Vgg is some non-zero value for
both measurements. You know Vypo. Could you use this data to find y? Derive an expression for y that is in
terms of only currents, gate-source voltages, and V. You must show your work.

Question 4: Suppose you know Vryq, 4, and y, as well as all your design variables. Derive an expression for
UCox-

Question 5: Create an Excel table that implements the expressions you derived in Questions 1 through 4. Keep
the table organized and clean. You will use it heavily in the next two labs.

Use the below data to test your Excel table. You should calculate a uC,, of 81uA/V? , a1 0f0.025V"1, ay of
0.44, and a Vo of 0.71V.

Data Point Ipg Ves Vps Vs W/L
1 6.011uA4 0.9V 1.6V ov 4
2 14.07uA 1v 1.6V ov 4
3 17.56uA 1v 1.6V 0.1v 4
4 8.273uA 0.9V 1.6V 0.1v 4
5 14.14uA 1v 1.8V ov 4




