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Show derivations and mark results with box around them. Erase or cross-out erroneous
attempts. Simplify algebraic results as much as possible! Mark your name and SID at the
top of the exam and all extra sheets.

You may need the following integrals:
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Q1 20
Q2 20
Q3 30
Q4 20
Q5 10
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Question 1 (20pts)
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In the fully-differential amplifier above:
a. (10pts) Calculate the input referred offset voltage for AVig=2mV,
A(W/LY(W/L)=1%, AR/R=1%. M1 and M2 have V'=200mV.
b. (10pts) Assume only the following mismatches exist (different than the part a):
AR/R=1%, Agmb/gmb=1%. Calculate the CMRR. gmb= 0.1 gm
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Question 2 (20pts)
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In the comparator circuit shown above, Vi and V, are initialized to V. Due to the
implementation errors switch S2 introduces and offset voltage of V5. Given the offset
voltage Vs, what is the minimum Vj, that this comparator can successfully detect?
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Question 3 (20pts)
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In the sampling circuit above, find the total sampling error for a sampling time of t;=2.8ns.
Assume fast gating and 50% charge split. Hint: e* ~ 0.02.

Parameter:
Virv=1V, unCoi=200uA/V?, Coo=5fF/un’, C,;’=0.2fF/um, C=IpF.
Assume square-law and ignore the body-effect.
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Question 4 (30pts)
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In the OTA above, all channel lengths are the same, all parasitic caps are 0 and
2lpias1=Ipias2=1.

a. (10pts) Calculate the ratio of W,/W», that sets the non-dominant pole to of the
OTA to 4X the unity gain frequency w, of the open loop OTA . You can assume
the 2™ pole in the Miller compensation is at -[gm of the 2™ stage]/C..

b. (5pts) Calculate the value of Re,, in terms if the appropriate gm, that sets the RHP
zero to infinity.

¢. (10pts) Assuming the amplifier is in the feedback loop shown below, estimate the
total output voltage noise in terms of V's. For this part you can ignore the effects
of the non-dominant pole and the noise from the second stage.
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d. (Spts) Using the feedback amplifier in part ¢, find the slewing time (tyew) When
the amplifier is driven by a differential input of +8V_(a*.



gy

a) Mille, compenserson 3

Wy L M4 P2 = C63”’2«1 /&wvm J - G gmae
c

Ce Cc Ce o
(Zﬂ_/a: Zf (7""44 - /'Z(%»Z//a Ml Lp,
Gma

gm0~ /L (%) Haloc In,

7

é/_m_o _ [W/{, (] . Tine - _{ ID{a:, I/?. L1o2a-T
Frma ] ( W e Lo2a 4

Llé-‘:Lza
/
Wwa .4 5 We- 1
Wia <2 76 (acr Oa//
b) 2= IMa o A2 z= =4
B ’ /2
Cc /&’”‘; - ’(%/ Cc
O L
Z2 -p 0o Ke (7/02 / J i(’/t‘ff'? .y
c) = /R )
Vitg = (). 477X [ Gme+ Gmy + gms
A A_’EZ /(7/0/ ) (
/W ryu/W/mf , )
-— ’ <
e ..2/7 7he ﬁ/\‘/t’/) Oﬂﬂea%a%‘f (‘»9%(/70/‘ a7/on F= 7 o ____\
— . |
(u/r;; > Vo) (Z)" /ﬁ % / 2Rl
A Af Cdoef g
A )T
iy = L) 40Tt (gers e )
i I ST
i |
Af



Maise /niggrel = wael 4 F

4 Tl
9 Vel o2 L )7 4TE (27 820 cmn) o) ) L 90 E
7 G (2 ot e () &
Volgy = 9. AT Lk (14 9ma, @f_’ﬂ) =22
Ce F ﬁmla L 4
9", Zo I/Z
e / / v, g
Vot-opt = 20 LT, L4 (L12V , vi ;
7 ekl Al Bt v e ‘/’) e g, v
ce Voa Vs Fmie g ‘7;
d) Aot = 8V} Aodtrar = V¥ % (5 )
(Sfym/(yo;w:l) ~ Z
A\/‘x/'"‘S’/Pa-d = 5(//‘7%
WL <« M7b
6_
Tsk
T stews 5 Jimifed é! The /o’/o/(a_/ coscoc/e onel /7 /S ..%_.
__-2__.7%/&‘..\ -"{"‘{‘/0377{!/@0 éCc (/,o'k
2 Ce Z/7 A Ibig
Fsto= 12 . E<
(?m‘q 11
7§/ms— 2 y

V\' ‘}Of/) /°°,° (/)0/ Hhe /°‘7° (7871/))



Question 5 (10pts)
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In the switch cap gain circuit above, there are two non-overlapping phases available: @,
®,. In order to have an inverting gain stage with offset cancellation, assign appropriate
phases (®; or ;) to switches in the circuit.
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