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1. A 7-bit segmented capacitor DAC is shown below. Code 0 produces V,,y = 0 and code 127 switches the left

plates of C,1-Cl127 from 0 to Vrgr. Due to a layout error, capacitor number 63 has been omitted. Neglect all other
capacitances. Assume a zero initial condition at the output,

(a) Sketch the input/output characteristic, indicating the exact end points. Determine the maximum DNL.

(b) Sketch the INL profile.
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2. The 7-bit segmented current-steering DAC shown below employs 128 current sources nominally equal to Io.
Code 0 routes all of the tail corrents to [,y and code 127 routes all of the tail currents to 1,0, The output of
interest is L,y — fourn. Neglect all mismatches.
{a) If each current cell has a single-ended output resistance of Ry, determine the maximum INL of the DAC.

{b) The common source nodes of the differential pairs in cells 63 and 64 are accidentally shorted (the dashed line).

Explain what happens to the input/output characteristic. (Neglect the output impedance in this case.)
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3. A 6-bit flash ADC is shown below. The ocutput of interest is the thermometer code generated by the comparators.
(a) Suppose comparator 31 has an offset of +2.8 LSB. (This means the comparator flips if V;,, is 2.8 LSB greater
than its reférence voltage.) Sketch the input/output characteristic and clearly show the effect of this offset.

{b) Repeat part {a) for an offset of - 2.8 [.SB. .
(c) A leakage current of /; has appeared at tap number 31 of the ladder. If [; Ry, = 0.1 LSB, sketch the input/output

characteristic an
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4. Consider a 6-bit flash ADC with 2x interpolation. The output of interest is the thermometer code generated by
the latches.

& (a) Suppose differential pair number 16 has an offset of +3.2 LSB. (This means the differential output of the pair
reaches zero if Vi, is greater than its reference voltage by 3.2 LSB.) Sketch the input/output characteristic and
clearly show the effect of this offset. .

¢” (b) Suppose differential pair number 16 has an offset of —3.2 LSB. Sketch the input/output characteristic and clearly
show the effect of this offset. .

* (¢} In differential pair number 16, output X is shorted to Vpp and output ¥ to ground. Sketch the input/output
characteristic and clearly show the effect of this layout error. i

" (d) Repeat part (¢) if Y is shorted to Vpp and X to ground. N [ =
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1. A 6-bit segmented current-steering DAC employs 63 current sources nominally equal to Iy. Code O produces a
Zero outp*ht current and code 63 turns on all of the current sources.
{(a) Due to a layout error, the 32nd current source is equal to 21, rather than Ip. Determine the maximum INL of the
DAC. @
(b) Repeat part (a) if only the first corrent source is equal to 2/p.

" (c) Repeat part (a) if only the 63rd current source is equal to 2/p.
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2. Consider the following representation of a sampling circuit in the acquisition mode. The resistor is assumed
linear but the capacitor is nonlinear and expressed as C'; = g(V), where V denotes the voltage across the capacitor.
If Vi, = Vpcoswet, g(V') is monotonic, the nonlinearity of the circuit is small, and the amplitude attenuation is
negligible,

{a) Write an expression for the output waveform and estimate the amplitude of the second harmonic.

(b) If two instances of the circuit are used for fully-differential operation and sense inputs equal to =V coswyt,

estimate the amplitude of the third harmonic in the differential output. C
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3. Consider the 4-bit flash ADC shown below, where taps number 7 and 8 of the ladder are accidentally shorted.
Assume the system is otherwise ideal.
(a) Sketch the input/output characteristic and show the critical parts. :
(b} Sketch the DNL profile of the ADC.
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4. Consider the 10-bit two-step ADC studied in Homework 4, where each stage resolves 5 bits. Assume that the
DAC employs a segmented current-steering array. Analyze the following three cases independently.

(a) Suppose the 15th comparator in the first flash stage is accidentally omitted. Construct the residue plot and the
input/output characteristic. ,

(b) Suppose the last current source in the DAC is accidentally omitted. Construct the residue plotand the input/output
characteristic.

(¢) Suppose the first current source in the DAC is accidentally omitted. Construct the residue plét and the input/output

characteristic. : Vin
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