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 EE554 Homework 10

5/7/2010 (KEH)

1. Text Problem 3.10 (Answer: RC = 0.1 s, so if we choose R = 1 MΩ, C = 0.1µF)

2. Text Problem 3.12 Note:  Assume that the 200 pA dc bias current must flow into both the (+) and the (-) inputs of the op amp.  (Answer: t = 6500 s. Add 1MΩ resistor between (+) input and ground.)

3. Text Problem 3.13 Choose R = 1 MΩ.  (Answer: C = 0.1 µF)

4. Text Problem 3.14 (Refer to Fig. 3.12(b) in text.  Let this design actually have a voltage gain of -20, the magnitude of its gain is still 20.)  Let Rf = 1 MΩ.  (Answers:  Ci = 63.66 µF, Ri = 50 kΩ, vo(t) = -20exp(-0.3145t) mV.)

5. Text Problem 3.15 Note: Since the text emphasizes a voltage gain of +10, not -10, do NOT use Fig. 3.12(b) in text.  Instead design a passive RC high pass filter section (Choose R = 10 MΩ, and calculate the necessary C) that is followed by a non-inverting OP AMP configuration with a gain of +10.  Furthermore, choose Rf = 9 kΩ, and then calculate what value of Ri is needed)  
(Answer: C = 1.592 nF; Ri = 1 kΩ)

6. Text Problem 3.16.  Apply the generalized gain formula for an inverting OP AMP, Av = -Zf/Zi to Fig. 3.12(c).  Then show that your answer can be factored into the form shown below (which emphasizes the fact that the BPF is the product of a low pass filter characteristic and a high pass filter characteristic).  Note that for a pass band to exist, the break frequency of the low pass filter must be HIGHER than the break frequency of the high pass filter):

                          Vo/Vi = (-Rf/Ri)(jωRi*Ci/(1+jωRi*Ci))(1/(1+jωRf*Cf))


7. Text Problem 3.17. Use the BPF of Fig. 3.12(c).  Assume Ri = 10 kΩ, which yields a pass band input impedance of 10 kΩ.  (This is because Ci is approximately a short circuit in the pass band.  We desire a pass band gain of “-1”, and the pass band should lie between 1 kHz and 10 kHz.  (Answer:  Ci = 15.915 nF, Rf = 10 kΩ, Cf = 1.592 nF)

8. Text Problem 3.18.  Use the BPF of Fig. 3.12(c).  Assume Ri = 10 kΩ.  Note that Fig. 6.16 indicates that the EMG peak amplitude is 90 mV, whose bandwidth approximately extends between 25 Hz to 3000 Hz (recall that in a logarithmically spaced plot, halfway between 1000 and 10000 is 1000*10(0.5) which approximately equals 3000.)  (Answer: Ci = 636.6 nF, Cf = 47.7 pF, and Rf = 1.11 MΩ.)

9. Text Problem 3.19.  In this problem, explain why the gain-bandwidth product specification of the 411 op amp (GBW = 4 MHz) dictates that TWO op amps be used in cascade in this design; in other words, explain why ONE op amp will not suffice.  Then design a two-op amp cascade circuit so that the first stage exhibits a BW of 100 kHz.  Thus we end up with a 100 kHz low pass amplifier without needing any external capacitor!  (Answer: Design is open-ended; many possible answers.)
10. Text Problem 3.20 Hint: to find loop gain, recall that Avcl * Avloop = Av. (In terms of dB, this relationship becomes Avcl_dB + Avloop_dB = Av_dB.)  Because the open loop gain is logarithmically spaced in Fig. 3.13 of the text, and because the open loop gain lies about 0.6 of the way between a gain of 10,000 and a gain of 100,000, therefore the open loop gain at 100 Hz may read to be 10,000 * 10(0.6) which approximately equals 40,000.  (Answer: Loop Gain =40)

11. Text Problem 3.21 Show how the compensated OP AMP, at frequencies above the first break frequency, exhibits a –90 degree phase shift, while the external feedback network, broken between Vo and R, introduces an additional –90 degrees of phase shift.  Thus the total phase shift of –180 degrees causes oscillation, as described in Section 3.11.)

12.  (Not in Text)  (a) What rms noise voltage (referred to the input) is present in a low-pass 411 OP AMP amplifier at room temperature (T = 300 K), such as that in Fig. 3.12(a), where Ri = 1 k, Rf = 50 k, and Cf = 0.01 uF.  Assume that the 411 op amp has the following noise spectral density parameters indicated in its data sheet: 

                                vn = 25*10-9 V/ (Hz)1/2, and in = 0.01*10-12 A/(Hz)1/2 

(Hint: first calculate the BW, then apply text Equation 3.18.  Note that in this case, R1 = Ri//Rf, and R2 = 0.)  Answer: 0.452 microvolts, rms
(b) What rms noise voltage appears at the output terminals?  (Hint: simply multiply the noise voltage referred to the input by the in-band (low-frequency) gain of the lowpass amplifier.)
(Answer: 22.59 µV)
(c) If a 2.0 microvolt rms, 20 Hz ac input signal voltage is being amplified by this circuit, find the signal-to-noise power ratio appearing at the output of this amplifier in decibels. (12.92 dB)

13. Assume a 411 op amp with the open loop gain vs. frequency curve that is shown in Fig. 3.13.   Assume that the (open loop) output resistance of the 411 is Ro= 100 ohms, and its differential input resistance, Rd = 1 TΩ = 1 x 1012 Ω .  For both inverting and non-inverting op amp amplifier configurations with Rf = 1Mohm and Rin = 1 kΩ , find the apparent input resistances Rai, and the apparent output resistance Rao.   (Answers: Non-inverting: Rao = 2.44 Ω, Rai = 41 TΩ; inverting: Rao = 2.44 Ω, Rai = 1 kΩ

14. Text Problem 3.23 (1.333 nF)

15. (Not in Text)  Use the supplied active filter design tables to design a 4th-order active Chebyshev high-pass filter with a break frequency of 500 Hz.  Show all component values in your final design.  (If you have time, you may want to simulate this in PSPICE to verify your design!)  
(Answers: First Stage: R11 = 1.23 kΩ, R21 = 2.452 kΩ; 2nd Stage: R12 = 510.7 Ω, R22 = 17.68 kΩ.)
