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1. (a) (5 points) Figure 1 depicts an amplifier composed of a cascade of three stages. The
amplifier is fed by a signal source with a source resistance of 100k(2 and delivers
its output into a load resistance of 100 2. The first stage has a relatively high input
resistance and a modest gain factor of 10. The second stage has a higher gain factor
of 100 but a lower input resistance. Finally, the last, or output, stage has unity gain
but a low output resistance. Calculate the overall gain of the amplifier. Express your
answer in dB.
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FIGURE 1. Three-stage amplifier
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(b) Figure 2 represents a portion of battery-charger circuit for a battery with a voltage
Vp. The sine-wave input vg = 12 V(rms), while the battery voltage varies from 12V
to 14V from the discharged to fully charged states. The charging-source resistance
Rgs = 10 2. Assuming that D is an ideal diode, and ¢ = 50 {2 is a current-controlling
resistor established by the designer:

Rg=10Q0 D R-=50Q

FIGURE 2. Battery-charger circuit

i. (5 points) Sketch and label the voltage waveforms of the voltage accros the diode
and the current through the diode for Vz = 12'V.

ii. (5 points) What is the peak diode current?

(c) An NMOS transistor is fabricated in a 0.13 pm CMOS process (i.e., L, = 0.13 um)
with L = 1.5L,,;,, W = 1.3 pm. The process technology is specified to have an oxide
layer t,, = 2.7 nm, p,, = 400 cm®*V~'s and V;,, = 0.4V
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i. (6 points) Find the oxide capacitance, C,,, the process transconductance, /,, and

the MOSFET transconductance parameter, k,. The permittivity of the silicon
dioxide, €,, = 3.45 x 10711 F - m~!

ii. (6 points) Find the overdrive voltage Vo and the minimum value of Vg re-
quired to operate the transistor in saturation at a current /p = 100 pA. What
gate-to-source voltage is required?

(d) (6 points) For the NMOS transistor in Figure 3, determine the values of R and Rg so
that the transistor operates at ip = 0.4mA and Vp = +0.5V. The NMOS transistor
has V; = 0.7V, p,Cop = 100uA/V? L = 1pm, and W = 32um. Neglect the
channel-length modulation effect (i.e., A = 0).

Vpp = 2.5V VCC_ 10V
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FIGURE 3. NMOS transistor FIGURE 4. Common-emitter BJT circuit

(e) For the common-emitter circuit in Figure 4,

i. (5 points) Calculate the base current, collector current, emitter currents, the Vo p
voltage and the transistor power dissipation. Assume 5 = 200 and Vzg(on) =
0.7V

ii. (2 points) What is the mode of operation for the BJT in Figure 4? Briefly explain
your answer.

2. The NMOS transistor in the circuit in Figure 5 has V,, = 0.5V, k/, = 400pA V2, W /L =
10and A =0

(a) (2 points) Find the the transistor’s operating mode when Vp = +0.5V

(b) (4 points) Find the required values of Rg and Rp to obtain i, = 180pA and V) =
+0.5V. Also, find the voltage Vs that results

(c) (4 points) What is the largest value to which R, can be increased while the transistor
remains in the saturation mode?
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3. The BJT in Figure 6 has 5 = 100, Vogse: = 0.3V and Vg(on) = 0.7V. Find Vg, V¢ and
Iz and the transistor’s mode of operation:

(a) (3 points) When Vg =0V
(b) (3 points) When Vi = 3V
(c) (4 points) When Vi = 5V
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