Homework 7
ECE 363 (F19)
8 problems for 100 pts

Due Nov 21
A. Passive Filters L
Vin """ Vout
1)  Consider the “tank circuit” in Fig. 1, where the inductor L and capacitor C are in < ' " 1
parallel. é:l R
(a) Sketch the circuit at DC (f = 0) and a separate sketch at really high
frequencies (f — ). —
(b) What is Vour/Vin at these two frequencies? Fig. 1: A “tank circuit” consists of a

. ) ) parallel inductor and capacitor.
(¢) Derive an expression for the frequency where the parallel impedance of L

and C becomes infinite! This resonant frequency corresponds to energy “sloshing” back and forth between L
and C. The trapped energy means nothing gets through, which is the same as infinite impedance.

(d) Based on your answers to (a) - (c), sketch the magnitude of the frequency response on a linear scale. You do
NOT need to calculate anything! Make sure to label your axes. What kind of filter is this?

B. Active Filters

2)  Consider the Sallen-and-Key high-pass filter shown

in Fig. 2. Vin

(a) Use the Golden Rules to show that: <>—I I_;A_I
c

Vour —w?R R,C? R1 -

Viv’ 1+ j2wR,C — w?R,R,C?

+ Vout

}

Hint#1: Since the op amp is basically a =
buffer, V: = V.= Vour.

. . Fig. 2: 2nd order Sallen-and-Key high-pass active filter.

Hint #2: Use KCL at node “A” to obtain Vour
in terms of Viy and Va.

Hint #3: What is VA? V4 and V. form a voltage divider, so you can obtain V4 in terms of Vour.

(b) Determine expressions for wp and Q so that the filter gain from Part (a) has the following form:

Vour _ _wz/w}%
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(c) To make a Butterworth filter, we set Q = 1/sqrt(2) and fc = wp/27. In this case, show that:

2
= (]]:_c> and fc= —1
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3) Design a 2" order Butterworth high-pass filter with a “gain” of -50 dB at 500 Hz. Some design constraints:
e Use standard 10% capacitors (see course website). Typical values are between 100 pF and 0.1 uF.
o Use standard 5% resistors. Typical values are between 1 kohm and 1 Mohm.

e If you want, you can combine two resistors in series to make a resistor of twice the value. Or you can
combine two resistors in parallel to make a resistor of half the value.

(a) Based on your chosen components, show that your filter gain is within +/-1 dB of the desired value.

(b) Sketch the filter gain (in decibels) of your circuit. The frequency axis should be on a log scale from 50 Hz to
500 kHz. For example, your tick marks should show 50 Hz, 500 Hz, 5 kHz, 50 kHz, and 500 kHz. Clearly label
your axes and especially the filter gain at 500 Hz, the value of fc, and the filter gain at fc.

(c) Sketch your circuit. If you use two resistors in parallel or series, your diagram MUST show this!

4) Higher-order filters produce sharper frequency roll-offs, which is usually a desirable property. They are typically built
by cascading lower-order filters. HOWEVER, the lower-order filters are not identical!

Consider a fourth-order Butterworth low-pass filter with fc = 20 kHz. This requires two second-order filters with fc =
20 kHz but DIFFERENT values of Q! According to Table 19-3 in the textbook, the first stage should have Q = 0.54
while the second stage should have Q = 1.31. Some design constraints:

e Use standard 10% capacitors (see course website). Typical values are between 100 pF and 0.1 uF.
o Use standard 5% resistors. Typical values are between 1 kohm and 1 Mohm.
(a) Design the first stage, and show that its actual fc (based on your components) is within +/- 5% of 20 kHz.

(b) Repeat for the second stage.

C. Negative Feedback

5) Consider the non-inverting amplifier shown to the right. The op amp +Vce

has an open-loop gain of |Ao| = 106 dB, differential input resistance %

R;i = 200 kohm, and output impedance Ro = 25 ohm. Compute the ~

following: V_INDE + V_OuT
(a) Feedback factor (3. -~
(b) Loop gain Aof. &-Vee
(c) Closed loop gain G. R1 R2

. . A A'AY

(d) Input impedance Zix. Hint: Should be around 1.3 Gohm. i 7.5kQ 220kQ

(e) Output impedance Zour.



6) You need to design an amplifier with a closed-loop gain of 100 (e.g. 40 dB) that is accurate to within 1% (e.g. AG/G =
1%). You have available some amplifiers with an open-loop gain Ao = 66 dB that are accurate to within +/- 3 dB.

(a) Based on the nominal gain Ao, what is the necessary B for a single-stage configuration? Remember to compute
[ to FIVE decimal places (e.g. B = 0.12345).

(b) Based on the variation of Ao, what is the closed-loop gain accuracy of this single-stage configuration?
Remember to compute G to THREE decimal places (e.g. G =10.123).

= Hint: You should get AG/G = 3.5%.
(c) Assuming two stages with nominal gain Ao, what is the necessary B to produce G = 40 dB?
(d) Based on the variation of Ao, what is the closed-loop gain accuracy for this double-stage configuration?

* Hint: You should get AG/G = 0.7%.

7) You are asked to design an amplifier with a gain of G = 30 (not 30 dB) and +/-1% variation (e.g. Gmin = 29.7). Due to
space requirements on the circuit board, you can only use one stage. Your electronics stockpile has amplifiers with an
open-loop gain Ay that varies by a factor of 10 (e.g. Aomax = 10AgMmiN) over temperature and time.

(a) What is the lowest open-loop gain Agmm needed for your application?

Hint#1: Gmin = 29.7 is due to Agmmv. Similarly, Gmax is due to Agmax = 10Aomin. Use the expressions for
Gumy and Gyax to solve for AO,MIN-

Hint #2:  Aomi~ should be around 1350.
(b) What is the value of § needed for your amplifier? Hint: You should get p = 0.033.
(c) What is the nominal gain Ay? Hint: You should get Ao = 3000.

D. Amplifier Stability

8) An amplifier has an open-loop DC gain of Ag = 10,000 and poles at 1 kHz, 100 kHz, and 10 MHz.
a) Sketch the Bode plots for magnitude and phase from 1 Hz out to 10 MHz.
b) Using your Bode plots, find the value of B that produces a phase margin of 45°.

¢) When =1, use your Bode plots to find the frequency where A3 = 1 and compute the resulting phase of A using
the exact expression.

d) Isit OK to make a buffer (B = 1) with this amplifier?



