EE215A

Final Exam
Fall 2010

Time Limit: 3 Hours
Open Book, Open Notes
Each problem has 20 points.

All transistors are in saturation.
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1. A transimpedance amplifier is shown below. Assume I, I, and I3 are ideal. Also, A # 0. Use feedback
techniques in parts (a) and (b).

(a) Determine the open-loop transimpedance gain and input and output impedances.

(b) Determine the closed-loop transimpedance gain and input and output impedances. Simplify the expressions for
A—0.

(c) Assuming A = 0, compute the input-referred thermal noise current of the closed-loop circuit.
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2. Itis possible to use the bulk terminal of PMOS devices as an input. Consider the amplifier shown below. Assume
A # Ofor all devices, v # 0 for M) and M3, and ¥ = 0 for other transistors. Also, assume the i Input common-mode
level is equal to Vpp.

(a) Calculate the voltage gain.

(b) Calculate the input-referred thermal noise voltage of the amplifier. To avoid confusion, use I (rather than v) for
the thermal noise coefficient of MOSFETS, eg, 2 = 4kTTg,y,.

(c) If the input common-mode level is raised to Vpp + 0.5V, does the small-signal gain increase or decrease? Why?
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3. The op amp shown below employs a fast path in parallel with a slow path. Assume A # 0.
(a) Identify the fast and slow paths and determine the number of poles in each path.

(b) Calculate the total small-signal differential gain of the op amp.

(c) Which transistors typically limit the output voltage swing?

Voo
M, My
Yo °—1 T Voutz
Ms |l
s- 7
/. ! g ) M3=
4 '_fan P’fr[‘ M M, Gingle stage

QJ{M! %

< fow [)et*hi M M e 'S'fhjes

= les,

M%\j ',uI)Wrg 5hon:

)]

Vor = Ut g, (18y 1180 )
Vul—:"/fh Cdv”(’/o'//,’v\;) 8"”?('37//’7’5'?"0")

Vo 2ot V2= 'éa,;, = L5+ Gy (10, s ] 4350 137 )’f
— — R A — —— d
)

M & My



|—"‘

I
n

. J-Z-
i

R w




4. Consider the three-stage amplifier shown below. Assume all stages are idetical and neglect all other capacitances.
Also, A # 0.

(a) Using Bode approximations, plot the magnitude and phase of the circuit’s transfer function and identify important
points. Explain why the amplifier is not stable if used in a unity-gain feedback loop.

(b) Compensate the amplifier (for unity-gain feedback) by adding a large capacitor, C¢, from node Y to ground.
Determine the required value of C for a phase margin of 45°. You may assume C¢c > Cp. Estimate the —3-dB
bandwidth and unity-gain bandwidth of the amplifier after compensation.

(c) Compensate the amplifier (for unity-gain feedback) by adding a large capacitor, C¢, from node Y to node X.
Determine the required value of C for a phase margin of 45°. You may assume Cc > Cp. Estimate the —3-dB
bandwidth and unity-gain bandwidth of the amplifier after compensation.
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5. Consider the amplifier depicted below, where the common-mode feedback is not shown. Assume A #,Vpp = 3
V, and the output CM level is 1.5 V. Neglect the transistor capacitances and assume R, is very large.

(a) What is the maximum allowable differential output voltage swing?

(b) Determine the gain error of the circuit.

(c) Determine the small-signal time constant of the amplifier.

(d) Explain why you would or would not choose this topology for your final project.
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1. Determine the output thermal noise voltage in each circuit. Neglect device capacitances and channel-length
modulation. In the circuit in part (I), M) and M are identical and carry equal bias currents. In the circuit in part
(II), the output node is tied to the body of M,. Neglect the body effect of M, in this circuit. To avoid confusion

between gammas, model the transistor noise as 4kTTg,,,.
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2. A differential pair can be degenerated to achieve greater linearity. Consider the two topologies shown below.

(a) How much headroom does the tail current source lose as a result of degeneration in circuit (1)?
(b) If we denote the noise current of each tail current source in circuit (II) by I, determine the output noise voltage

of this circuit only due to I;,.
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3. Thedifferential pair shown below incorporates feedback capacitors to create a negative input capacitance. Neglect
other capacitances and channel-length modulation.

(a) Determine the single-ended input impedance, defined as V;,,/ I;,,. \

(b) Express the result as an RC network. What happens as Cr — co? Explain why this result is to be expected. ‘e
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4. The circuit shown below is a simplified model of a two-stage op amp, where C¢ is the compnesation capacitor.
Neglect other capacitances and channel-length modulation.

(a) Assuming g,, Rp > 1, estimate Wpl,Wp2, and w,, where w, denotes the zero frequency.
(b) What condition is necessary for |wp2| to be equal to |w,;?

(c) Suppose |wpy| = |w,|. Plot the magnitude and phase of S H (8) (with 8 = 1) as a function of frequency.

(d) Construct the magnitude and phase plots if C; increases or decreases from the value assumed in part (c). What
happens to the phase margin in each case?
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- 5. Consider the bandgap circuit shown below. We wish to study the noise in Vx and Vy as a result of supply noise.
Assume M. 3 and M4are identical and model the bipolar devices by a resistance equal to 1/g,s;.
(a) If A} = oo and channel-length modulation is neglected, compute the small signal gain from Vpp to Vx and Vy.
(b) If A; = oo and channel-length modulation is not neglected, compute the small signal gain from Vpp to Vyx and
Vy.
(c) If A} < oo and channel-length modulation is neglected, compute the small signal gain from Vpp to Vx and Vy-.
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