* R 1 MQ
1. Consider the Op Amp circuit on the right. 10 119 =
4 a. Derive the voltage gain expression of the amplifier v o—AA—
if we consider the Op Amp to be ideal (infinite O
open-loop gain, infinite input resistance, zero = g
. 3
( output resistance)? 10 kQ
“ b. What is the input resistance of the amplifier?
(~ c. What is the value of the voltage gain for a signal with 10 kQ source resistance?
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2. For the same circuit as in Problem 1 and the same source resistance, but consider an Op Amp
with a finite open loop gain of Ao = 100,000, and an open-loop bandwidth of 100 Hz. The
input resistance of the Op Amp is still infinite, and the output resistance is zero.

o o & What is the 3-dB frequency of the amplifier in unit of Hz?
(You don’t need to re-derive the expression if you can deduce the frequency response
.of the close-loop amplifier).
\O b. Show the frequency response in Bqde plot. Mark the 3-_dB frequency, unity gain
’ frequency, the low frequency gain in dB, and the slope in dB/decade.
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3. A non-inverting amplifier with variable gain is shown on .[=_ } -

the right. Here, R; = 1 kQ and R, is variable from 100 kQ o
to 100 MQ. This input signal is: u (®)
v;(t) = (10mV) - sin (2 - 10kHz - t). - 4
The Op Amp has a slew rate (SR) of 6.28 V/ps. -

a. First, assume the Op Amp has infinite bandwidth. If we gradually increase the gain of
the amplifier by increasing R,, at what value of R, does the output become slew rate
limited?

b. Now consider the Op Amp with a finite gain-bandwidth product of 100 MHz and R;
=20 MQ, is the amplifier bandwidth-limited or SR-limited? Show the calculation
supporting your answer. ‘e
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4. A pn junction in the reverse-bias configuration can be used as a variable capacitor. In the lab,
we measured the capacitances of a pn junction diode at two voltages: :

(1) At 2.4 V reverse bias, the capacitance is measured to be 0.5 pF

(2) At 12 V reverse bias, the capacitance is measured to be 0.25 pF

e a. Find the capacitance of the pn junction diode at zero bias.

i~ b. Find the built-in potential of the pn junction diode.
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5. Consider the following two one-sided pn

junction diodes with opposite doping Electron diffusion coefficient | D, | 30 cmj/s
profiles: Hole diffusion coefficient D, | 10 cm'/s
Diode A: Np =108 cm ,Na =10 cm Electron diffusion length Ly | 2 pm
Diode B: Np = 10"° cm™, Ny = 10" cm™ | Hole diffusion length L, | 1 um

The rest of the material parameters are
shown in the table. Other parameters (e.g., junction area) of the two diodes are identical. .
4 a. What is the ratio of the current going through the diodes under a forward bias voltage
of 0.8V?
'© b. What is the difference of the built-in voltages between these two diodes?
{, c. What is the ratio of the diode capacitances at zero bias?
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