EEC 212
Problem Set 4

Professor Hurst

1

Find an expression for (%) ¢ In terms of (%)1 that biases M at the edge of saturation, which assures
maximum output swing if the cascoded current source in Figure 1 is used in the output stage of an op-amp.

Take A = 0 and v = 0. M; through M, all have the same (%) (%)5 = % (%)1
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Figure 1: Current Source for Problem 1

2

(a) Use Blackman’s impedance formula to find a formula for the output resistance of the current mirror in Fig-

ure 2. All transistors are in saturation and (%)1 = (%)2 = (%)3 Find Rout = fn(A, gm1,To1, Gm2, To2, --)-

(b) What Vpias voltage gives the maximum output swing? Assume A>1.

(c) What is Ryt for the current source in Figure 37 All transistors are in saturation and (%)1 = (E)Q =

(), = (1), "

3

(a) Use return-ratio feedback analysis to find the closed-loop gain, Acy = “2ut, and output resistance for
the inverting amplifier in Figure 4. For the op-amp, take R;, = 1M, Ry = 10k, and a, = 200.

(b) By looking at the return ratio, show that the two-node feedback amp in Figure 5 is always stable
if each impedance is either an R or a C. a, is a constant voltage gain.
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Figure 2: Current Source for Problem 2a.
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Figure 3: Current Source for Problem 2c.

4

Consider the fully differential circuit in Figure 6. For (a) and (b) find:
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Apy = 324, Abm = 325 Acv-pm = 325 Abv-—om = 3=

(a) R; = Ry = 1kQ, R3 = Ry = 5k, and an ideal differential op-amp with infinite differential mode
gain and zero common mode gain.

(b) Ry = 1.01k$2, Re = 0.99k2, Ry = Ry = 5k(), and the ideal op-amp in (a).
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Figure 4: Amplifier for Problem 3a.
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Figure 5: Circuit for Problem 3b.
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Figure 6: Circuit for Problem 4.
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