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(Lab 4 report due at beginning of the penied) (Pre-lab3 and Lab-3 Datasheet due at the end of the period)

I. Instructional Objectives

[0 Estimate small-signal MOSFET model parameters from measurements
[0 Analyze circuit using the small-signal transistor model

1

25ee 6.1, 7.3.3, and 7.4_.3 in Horenstein

II. Background

Lab 4 established the quiescent operating point of (biased) a common source amplifier employing an N-channel
MOSFET. The common source amplifier 1s general-purpose amplifier with a good negative voltage gain, but
poor high frequency characteristics. The N-channel MOSFET common source amplifier may be used as a
voltage amplifier by connecting an input signal to the gate of the transistor, and connecting a load to the drain. To
ensure the input signal and output load do not upset the amplifier’s bias, these connections are capacitively
coupled. This means a capacitor 15 connected in series with the signal source and load, providing an open circuit
during DC operation in order to prevent the source and load from changing the circuit’s quiescent operating
point. These capacitor values are chosen so that they behave as an effective short-circuit for the AC signal
components and thus that they do not significantly effect the AC signal losses. The circuit used for this lab 1s
cshown 1n Fig. 1, and the small-signal model of the MOSFET used 1n this circwt 1s shown 1n Fig. 2, where ryand
rinare the MOSFET s output resistance and input resistances, respectively.

Recall that in saturation region:
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The parameters for the small signal model are given by (take partal derivatives of Eq. (1)):
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where K 1s the notation used in Horenstein, or
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where Kp is the notation used in SPICE. Let g, denote the MOSFET s fransconductance. Two other circuits
useful for this lab in measuring the total amplifier's input and output resistances are given in Figs. 3 and 4 below.
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Fig. 1. N-channel MOSFET common source amplifier  Fig. 2. Small-signal MOSFET model
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Fig. 3 Circuit for measuning Rin.

Relationship for input resistance in terms of measured quantities from the circuit in Fig. 3:
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Fig. 4. Circuit for measuring Row.

Relationship for input resistance in terms of measured quantities from the circut in Fig. 4-
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Note that two separate tests are required to measure the input and output resistances. The sensing resistor (Roug) 1s
used to make a current measurement that emulates a short circuit (through the DC blocking capacitor). If Reeris
much smaller than the output resistance 1t should not affect the measurement sigmificantly. If R.we 1s significant,
then a relationship analogous to equation should be denved that account for the parallel interaction betiveen R and
Rihert, which results 1n:
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III. Pre-Laboratory Exercise

For the pre-lab assignments assume rqand ri, to be infinite. In addition, assume that Rz, = 1 k[], Re = 1 k[], R; = 100
0. R: = 1k], K= Kp / 2 =0.1125 A/V?, V- = 1.8V, (or vou can use the values you measured in the previous labs) Iz =
Iz = 1.475mA, and Vop = 13 V. In general the capacitor values should be large to minimize the AC voltape drops
for the frequencies considered. Value of C; will be computed in pre-lab and Cy, and C.. can be set to the value of C;
OT greater.

DC Circuit Set Up

1. Draw the DC model of the circuit and derive the DC load line equation for the circuit.

2. Find the values of R; and R: to set the operating point Vpsg = Voo / 2, which 1s approximately the desired
intersection of the midpoint of the load line and the characteristic curves for the n-channel MOSFET. 5ince
most of the operation will be 1n the saturation region, the following relationship is all that 15 needed to relate the

zate voltage to the drain current for Vs = Vigs - Vir
iz : _Bp(i, 12
3. I, =KV -v) e v -v) (1)
Plot the load line and TC curves knowing K or Kp, Vi and Vs, as done in a previous lab using Matlab.

AC Circuit Set Up
4. Draw the AC or incremental model of the circuit.

5. Using the AC or incremental model, determine the small signal voltage gain ( Vo / Vi, ) and current gain (

e

L. :I!fhrJE } of the circuit for Cs = 0. For these calculations assume Ran 15 zero and R: 1s infinite. Repeat the

voltage gain calculation with the given values of Ri- and R; (1 k[]). Comment on how input and output
resistances affect gain

Determine the value of Cs in order to effectively short-out H.. Assume the sipgnal frequency is 10 kHz.
Determine the small signal voltage ( Vo / Vi ) and current gain | i:-.:m ! Ihn } of the arcuit where Cs 1s so large

that it shorts out R;. For this calculabion you may again assume R, is zero and R; 1s infimite. Repeat the voltage
gain calculation with the given values of Ru, and R;. Compare to results in Problem 5 and comment on how the
source (feedback) resistor affects the gain.



