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Question 1 (Total 30 Marks)

For the follaving CMOS Opamp with a diode connected load on the first stage:
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a) Find the sizes oM, andMg to result in the biasoltages and currents as 8o
b) Find the transconductancesMf;, M, and capacitancealuesC_ andC, to result in a

UGBW of 5 MHz and a second pole and zero both at 15 MHz. Asslynve C,,.

c) Find A, andA ; to resultin a DC gin of 150. Assume that, = A .

d) Comment on the stability of the opamp in a closed-loop application
e) What is the small-signaloltagev, for a pure common-mode small-signal input?
f) Assume both inputs are initially at Ohen the posie input wltage is stepped to 1V

Sketch approximately to scale the transieoltage at the output, clearly shimg the
slew rate and the final outpubltage.
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Question 2 (Total 17 Marks)

For the circuit shan belav:
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Write the Z transform fow,/v;. Roughly what is the ratio of the unitgig frequeng

f, to the clock frequengi.e., what isf ,/ f o ?

Assume that; is a sine \ave which is swept from DC up to twice the clock freqyenc
Sketch the frequernycresponse as seen by a spectrum anallzgtain your reasoning.

Now suppose the input frequegnis fixed at 10/9 of the clock frequen@ spectrum ana-
lyzer is used to look at the output signeéothe frequencrange from DC to twice the
clock frequeng. Sketch the frequencspectrum as seen by the spectrum anglywién
approximate relate amplitudes. Explain your reasoning.

Question 3 (Total 18 Marks)

For the follawving circuit:
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Sketch the frequencresponse shang the lav-frequeny gain, the high-frequerycgain,
ary poles and zeros, and slopes.

Now, if the UGBW of the opamp is 10 MHz, what is trergerror and the correctedig
of v,/v; at 200 kHz.

Now, if v, is DC at 0.25 elts, and the DCan of the opamp is 1000, estimate the com-
mon-mode signal at the input of the opamp. What is tlierdiice mode input signal?



Electronics 97.477 Final Examination December 1997
Question 4 (Total 17 marks)

We hare two different circuits as st belaw:
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a) Assuming that the only noise is thermal noise in the resistors, what is the total rms noise
at the output of circuit (i) relate to circuit (ii)?
b) At 9 kHz, the closed loop circuit in (ii) abe has 3tV/./Hz at V,, due to opamp/ f
noise. What is the input referréd f noise inV/./Hz at 36 kHz?

c) For the circuit shan belav, calculate the rms noise, imlts, atv,, due to switched
capacitor noise.

Question 5 (Total 18 marks)

a) Assume lavpass switched-capacitor filter has unigrgin the passband and a ciifoé-
queng of 6 kHz and a clock frequeyof 156 kHz. Calculate the pole frequgnaf a
unity-gain third-order lavpass anti-alias filter which auld reduce the aliasing of the
upper replica into the baseband by at least 60 dBtcBkhe filter frequerycresponse.
Can the anti-alias filter be a switched-capacitor filter? Explain.

b) Explain the adantages and disadntages of using a bilinear switched-capacitogiate
tor instead of the more common igtators as discussed in the course. In a switched-
capacitor biquad filtemvhich intgyrators are used and ywh

C) Explain what design steps can be used to minimize thermal and 1/f noise in a CMOS
opamp. Hw is noise related to peer dissipation and layout area? (pd® a numerical
estimates, if possible, such as: to reduce noise by x requires about y timesdhe po



