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1. (a) Consider the circuit shown on the left and assume M3 and M, exhibit an offset voltage of Vpg1. Determine

the input-referred offset voltage of the circuit. Assume A # 0. What happens if A — 0.7
(b) Repeat part (a) for the circuit shown on the right and denote the mismatch between Ms and Mg by Voo, Assume
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1. (a) Consider the circuit shown on the left and assume M3 and Mj exhibit an offset voltage of Vpg;. Determine
the input-referred offset voltage of the circuit. Assume A # 0. What happens if A — 0 2.

(b) Repeat part (&) for the circuit shown on the right and denote the mismatch between Ms and M by Vo.sz. Assume
A=0.
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2, We wish to study the kT°/C noise behavior of the integrator shown below. Assume the circuit begins with a zero
initial condition across (7. Calculate the total 7'/C noise at the output in the integration mode. Assume the op
amp is ideal.
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S, turns on, producing Vp ¢ = ~Veer. If
(a) Suppose Vi, = Vrgr/4 and the initial value of Vintis slightly less than zero. Plot V;

function of time. What is the average value of V,,,?
(b) Repeat part (a) if V;, = 0.9Vzgp.

» 3. Consider the first-order ZA modulator shown below. If V;,,; < 0, then the comparator produces Vo; = —1 V and

Vine > 0, the reverse occurs. Assume Ci1=Cy=C.
ints Vouts and Vpac as a

(¢} Repeat parts (a) and (b) if the comparator has a small postive offset voltage, e.g., 5 mV. The positive polarity

means V., must be above zexo by more than 5 mV to switch the comparator.
(d) Repeat parts (a) and (b) if the op amp has a small postive offset voltage, e.g., 5 mV. The postive polarity means

that the noninverting input of the op amp is 5 mV above zero.
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<. Consider the one-bit-per-stage pipelined ADC architecture.
(a) If each op amp has an open-loop gain 4 > 1 and an input capacitance C, calculate the output of the first stage
in the pipeline and express it as {2V}, — Vrer)(1 — a), where o denotes the gain error.
(b} If Vin is in the vicinity of Vpgr—0.5 LSB, we expect all stages in the pipeline to produce positive outputs so
that the digital output is equal to 11 .. -1, For this case, derive an expression for the output of the nth stage in the
mmMmmmmmdﬂmﬂwmaaMn[mm1+x+z-k e = (g™ - 1Yz - 1))
(c) A(szs;;mni)an 8-bit system, determine the output of the elghth stage if Vrer = 1024 mV, V,,, = 1022 mV, and
o= x 4)~

(2 ..S'a.mﬁﬂ“a’ Ev aQua{}?z ¢
d -""‘—“”'""“"r
l 1 mane
4 [ vt ﬂ'—@’l
Vin -
C A =
.. . __it
TL¢ total clﬁ-ﬂ“@e cl«wgg @ peda(p =O - Alse . V) = A
V .
C(uﬂ* U;H'Q'—“)"‘C (Urej 0,"1‘ A )"'Gn M =D
C‘I’q
2+ &
UOJ (2 U&ﬂ UrCf‘ )/(’.f. ______Q_ ) A’ (20:—1-—-(/1@‘7-)(}-— AC._ )
« G
o = i

b The outpik of (Fstgn = (F=Urg] 3 (1m0 $ 21203 U (1)
F 2
A“ﬁ" :[z(zwn—l/rg Ji—et - u,,j](:-—o()= z Vinl1-o)- an (l-—orf—:/y(,.d)

+h " M m-l (;-ct.)"- 2“'?) (:—o-l.)u-' - | °
415& = Z Urn{l_'e") ~2 Ursf "3‘ R - 1 -U,{;/(,“d)

Vre [ 200"~ V] t-ot)
P~ zot

y 2
= Ysa 2 (o)~
»
_ loz g

L T
fo2»4-‘rz- (1 |ozq.)$-i] y
e, » ("‘ 'a""'-*z‘f

Vel (d:-fl- Stge> = ez rz (1- }u* )7£

S

- 2_62.49"4”“/”}



5. .S hown below is the first stage of a one-bit-per-stage pipelined ADC. The comparator connects the left plate of

Chto —Verpr if Vi, < 0 and to +Vrgr if Vip, > 0. Assume Cy = C; and the op amyp is ideal.

(a) Suppose the comparator has an offset of +2.5 LSB (i.e., Vi, must exceed +2.5 LSB for the comparator to change
its output state). Plot the residue at the output of this stage and at the output of the second stage in the papelme
Also, show the effect of this offset on the input/output characteristic of the overall ADC.
(b) Suppose the comparator in the second stage of the pipeline has an offset of +2.5 LSB (i.e., ¥, must exceed +2.5
LSB for the comparator to change its output state). Plot the residue at the output of the second stage. Also, show

the effect of this offset on the input/output characteristic of the overall ADC.
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1. A 6-bit flash ADC employs a reference ladder that suffers from a linear gradient. We consider the two ladder
topologies shown below. Determine the maximum INL in each case and sketch the input/output characteristic of

each ADC, highlighting the differeneces between them.
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2. We wish to design an 8-bit folding and interpolating ADC. Assume the folding characteristics shown below,

(a) Construct the coarse flash ADC (the comparators and their reference voltages). P —
(b) Construct the folding blocks to generate Vi and Vi, If the analog input has a frequency of fm, what is the
frequency of the sxgnal in'Vy and V57 “

() Constuct the interpolation network. How many comparators are required following the mterpolatlon’?
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3. Consider a 1-bit/stage pipelined ADC. Shown below is the first stage, where C; is accidentaily chosen equal to

2( rather than C1. The other stages in the pipeline operate properly.
(a) Plot the residue at the output of the first stage and show significant breakpoints. '

(b) Sketch the input/output characteristic and show significant breakpoints.

o




4. Consider the 1.5-bit/stage pipelined ADC shown below.
(a) Due to a layout error, the —Vipr and 4+ Vggr connections going to the left plate of C are swapped in the first .

3
stage of the pi’peline. The other stages operate properly. Plot the residue at the output of the first stage and. the

overall input/output characteristic.
(b) Repeat part (a) if the error has occurred only in the second stage.
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5. Due to a manufacturing error, a parasitic resistance, £p, has appeared in parallel with the feedback capacitor in

a first-order £-A modulator’s integrator.
(a) Using a continuous-time approximation, determine the spectrum of the quantization noise at the modulator

output.
(b) Integrate the noise from — fg to + fg. What is the minimum tolerable value of Rp if this total noise power must

not exceed the ideal value by 10%?
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