Which will work for each of the following applications
work for each)

i,
- s

with Vtn=|Vtp|=1V and you can choose from the fo
(1) NMOS input folded cascode
(2) PMOS input folded cascode
(3) NMOS input 2 stage Miller compensate
(4) PMOS input 2 stage Miller compensated
(5) NMOS input folded cascode with output
(6) PMOS input folded cascode with output

llowing opamp topologies:

d
|
stage
stage
(write all the numbers that will

a) an opamp in unity-gain feedback with input from 2 to 5V and capacitive load.
-y

55 8

b) a switched capacitor amplifier with a gain of +1
¢) an amplifier with a gain of 2 driving a 1kQ resis

d) a umty-gafn amplifier with input from 1.5 to 3.5
[ 13456

D and input from 0 to 0.5V.

tive load and input from 0.5 to 1V

\'
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9 120
10+11 /22
12+13 /22
1) [10] You need an amplifier with a gain of 10 at 10Mrad/s, and the 14 /16
gain must be accurate to 0.1%. You decide to use|an op-amp in i
feedback. You may assume that the ratio of passives is perfect. Tota 1160,
a) What is the minimum low frequency gain of your op-amp? 5
4; ) / e g’ i / / 7L
pbd 2 === ] s 2 ——o =/ -
f=0. oy lo- A -
b) What is the minimum unity gain frequency of your op-amp?
W, > A “Wp = /67572 16" )ﬁ,
¢) If your amplifier must drive a 1pF load capacitor, what is the minimum En
required in the differential pair? o
h/"\ € C:: 5{9\-» » cvv',t (. ? /OI /0 “: O-/5
d) What is the minimum current consumption in the differential pair?
5»\-, = 5%’ 1.1) » /t’“{“:"‘ U/‘/(Pf[:'} = #“" ’{I‘ L—;% &" ‘\ﬁ‘
, €) Explain why your answer to 1c is the same whether the op-amp is a two-stage or a
/ single-stage. ¢- , 4 BRSS9
Sinly syt w = Im
Tevo }f%g /n %24&66»\/4 45svr€ PM >45° Iso W, = ?: oty PR )" fﬂw
\ ©
2) [8] Assume that you are working with a single-sided supply of 5V in a technology |



3) [12] The data in the figure below is taken from a
diamond. The source is grounded, the drain vol
voltage varies from -0.5 to -4.5V in steps of -0.5Y
millimeter of Width. Assume that you have a traj
the vertical axis can be read as mA.

tag
V. Drain current is given in mA per
nsistor that with W/L = 1000w/ Iy, so

PMOS transistor made out of
e varies from 0 to -10V. The gate

——

1| Le= 1 pm

V=45V

AV, =05V

vV, M

(from Kunze, et al., Carbon 37 (1999).)
a) estimate the threshold voltage, Vip = — ()

b) estimate g, when Vg=-3V and the dev

ice is in
AT = 10~A 9, = 4omS
dv = 0.5 v o
C) estimate r, when Vs=-3V and the device is in s:
4T =1~A le :‘G—\/‘:;‘:Z—a'(k’
d) estimate Ron when V6=-4.5V and Vps=0
A% B
Ow = omf T §OIZ.-

e) if this device is used as a PMOS common sourc
source load at a gate bias of Ve=-3V,
(1) sketch the circuit, including the magnitu
(2) roughly what gain will it have?

l
é) SO/

saturation

aturation

ViK€ )]

e amplifier with an ideal current

de (in mA) of the current source

0\

1"("

~J
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5)

[10] Your colleague creates a new transistor with
when the source is grounded. g has units of [A/N
a) write a formula for gm in terms of a, 7,

b) write a fl:ormula for r, in terms of a, Vg, and I,

a\,

, and

/7).
Va

Y

¢) write a formula for the gain in terms of a, ¥, and ¥,

Vo

V.
d) for proper operation, you have to bias the gate

or 1V. Which values should you choose to maximize the gain?

/ _ 1\
\,b‘i\»

v

i\"/ L.

ln H

V0.V
1€
[6] You are helping another colleague make meast
box with three terminals labeled IN, OUT, and GN
to IN and GND to OUT and measure the current a
a) What is Gy for the amplifier?
O A = e 3
[V

b) What is R, for the amplifier?

[ w1

¢) Ifyou disconnect the voltage source from QUT

voltage do you expect to see out ouT?

3 — /()L{)L‘ L)(}cw)) = ZCXV

ol

/'//

1 adrain current given by I;=a Ve Va

and drain at values between 0.1V

irements on an amplifier circuit in a
{D. You apply voltages from GND
s shown in the table below.

and apply 1.002V to IN, what

) . CaX

voltage on IN voltage on OUT current into IN | current into OUT
1V 3V 0 0
1.001v 3V 0 10uA
1V 3.001V 0 1nA

\ i \} /) : ?

- A2 | W L (= 2//1k t/lj’

02) # (<€

/}\, | ,} A/




6) [10] You have made a bandgap reference similar
sketch the voltage across the diode, the voltage a
the drain of M1, all vs. temperature for T=-40 to
axis and draw clearly. Assume that the diode vo

/
/

%

%

=

e l‘flr);.»"i%a 'Vrf

to the one in Lab 5. Carefully

cross resistor R; , and the voltage at
+85C. “Carefully” means label each
ltage is 0.6V at 25C, and In(N)=1.

(VIK() \:]/3(@\ L_/»“{,:' | Q/X\t GL £ g {j }¢
Jg“{ % ,:'/\’

AN

,”"/ pHS
I




7) [16] Design an NMOS-input two-stage op-amp w
® 2uA flowing in each input device and 10uA fl

100mV overdrive voltages

lum channel lengths

*  Vop=5V. pnCox=200uA/V2, 11,Cox=100uA/V?

You may use a single 1uA ideal current source or

schematic, label your devices, label node voltages

[ Arsy. e~ A lnA/( W/ > < S
. ;M&,n :f,:_ ’L(V:N) 2 0‘5»47?/:/
3_}'::'»,[4,;/ (¢l
7, W A
3;4.‘/: v = - s"0/‘*;
v@d /(36)141!\/
U = Y% = = oo,
o 7::—:-«,"/ s & 0{3‘45 /4‘“
R =4 1OV - 2.smar
.
c Z//l'q K;Vq - - ‘—)f)
2
£ /oV o
/{oz - T&:ﬂ - Sook. .2
8) [8] For the previous problem, : . 1
a) what is the input common mode range [/0 Z, %1

b) output swing [ O.i, & ?]

¢) low frequency gain 1O vog)
4 -

d) output pole with a 10fF load capacitor?

S S

£ n

/
———

— = ~Z Oc pa G——- CE/L/
(50063 (10 £F) e

ith the following specs:

owing in the output devices

s [Vpl=Vi=1V, A=1/(10V)
sink. Draw a clean, clear
and branch currents.

e ()= bn (Y]




9) [20] For the amplifier below, assume that you hay
*  Ine=Ip2=Ipio
100mV overdrive voltages, lum channel lengths

ve designed the circuit such that

, |
Vo=V, 1nCor=200uA/V?, 1,Cor=100uA/V, [V j=Viy=1V, A=1/(10V)
Ll

|
|
MO Msa ———’ Ms5b ‘—‘
VBPF’ F |
E :

* Vour = Vpp/2
=

M4a ,—M—’ Mdb C |
-‘ Mia  Mlb }—

Eed
G Vout

M3a ’-M—( M3b

M2a ‘—VBL—{ M2b VBNI—, Mlo

a) What are the widths of M la, M4a, M5a and M1

1 in terms of W,?

[Wla= V2 w, | Waa=_ 7 W, | W5a= /L w0, | Wil= Wwo ]
b) What are the widths of M3a and M10 in terms of W,,.?

| W3a= Vo Wan | Wi10= o) ]
¢) What is the bias voltage on V,; with V;4=0? 29y

. . ‘7 . < i - ]. f -
d) What is the input common mode range? ' \/’E"U'?—j_ ?,, [ v <[ ol 3.5 VJ

e) What is the output swing? ) K 1
L.C-1, %73 v -~ [ & e |

1) Using the ideal current source with current I,=Ip, design the bias circuitry just for ‘
the PMOS gates, Vgp; and Vpp,. Label device sizes relative to W0 and W2a.

yay /




10) [12] In the previous problem, C 1 connects the drain of M4b to the output. C,
connects the source of M4b to the output. Assume that the gain of the second stage is
Aya. When a differential input causes a small signal change v,; on the folded cascode

: o %
| a) What is the voltage across C1 ( e ,QVL) L

-

| b) What is the voltage across C2? X

J - /4 vLn & |
¢) What is the current in C1?
; (1=Av)v, sC,
d) What is the current in C2?
"/i‘)vt_qfc\}SCL
~e) Is there significant feedforward current in C1 causing a RHP zero?
| yes
1) Is there significant feedforward current in C2 causing a RHP zero?
5‘ ' Vo
g) What is the effective capacitance seen at V,; due to C1, if any?
[ /-A v L) € {

h) What is the effective capacitance seen at Vo due to C2, if any?
P/"Vz, Lo

11) [10] Consider a simple two-transistor amplifier: an NMOS-input common source
amplifier with PMOS load. Assume that the PMOS device has an overdrive voltage
twice the NMOS overdrive voltage.
a) What is the PMOS transconductance, gy, in terms of the NMOS

transconductance gm? ., _ 2 7t 7
Jwp = 7 R N A

- b) What is the gain from the PMOS device to the output, A,,, in terms of the NMOS
gain to the output, A,,? /
" A v F < t{_ 4‘./ n

¢) What is the thermal noise voltage in the PMOS device, Vip, in terms of the thermal
noise voltage in the NMOS device, vp,? =

— 1 ~ _*/»’~ . _ A -
L/‘:;,é’ \qkﬁf‘ﬂq ()]C ~2 v %‘/

N n

Ve ¥

N h

-
-

r
d) What is the total output noise power, (Vno,-se,out)2 ? .
- ~ .‘3 S—

s s 1~ = - — 3 “ , PR By o
LJ{\J,..‘ ﬁ\/m -+ ’L/,IJF I//VP - %/ /‘f'/'n [/'7" 2/‘2‘)) ~ B Zﬁjn /?‘/f\.

n

e) What is the total equivalent input noise power, vnoise,inmeQ)z in terms of the

NMOS noise voltage?
(/2 v
| t r 4"1} N/




12) [12] A circuit similar to the PGA
ground by a 1u/0.1u transistor. With Cox=5fF/uj
with Vdda=1 .2V, estimate the effect of charge in
the falling edge of the clock assuming
a) a fast-clocked circuit

in your final pr

l’/’(( 3"!‘»‘9{ \435,( ~ -0

b) aslow-clocked circuit ‘ Bl

AV . C:_SLV‘&"‘: /0‘_5‘{’;“2{(; 1.\.:): /
JOFF

If unCox=200uA/V?
) estimate the time necessary for the voltage to
show your reasoning and calculations!

9% fell = BT = 15pS
T=R,C = 2dls (5ol
4

(7Y

/ot_(b)‘ "z, [\{'5—\/{)

—

2 copt/y )
#45ud /0)(iv

~d) If you are not happy with the time that it takes

0.05mV, what are two things that you can chan
voltage to fall faster, and what impact (bigger, s

have on your answers to parts a and b above?
make W wider
make (s M»ZQE«

’ y R
hng Lg [_ 5[‘;;7*‘”/ - e

4

ji b

13)[10] An op-amp with open-loop differential i
and voltage gain A is put into feedback with a

. L
F /QCL 3 ?
.. < c
" ene " e Ay
[+ A ’ ﬂu;
/? ) = I :L
ovb

/* Af /',c 4@
<

£ 14
A O 5%
B =g /’ffzfv

g I’)u’f L he A.Qa \/&\// L0 (&

oject has a 10fF capacitor pulled to
m2, Col’=0.5fF/um, Vtn=0.2V, and

Ay =
Da V.

fall from 1mV to 0.05mV. Clearly

T

S

/c—/‘f)

= Sx/0

£

- §00. 7.

=

2 mf
%

for the voltage to fall from 1mV to
ge in the design that will cause the
smaller, or no change) do they

TOV

2o betle,

TZQ Sgw-‘h

Input capacitance C, output resistance R,

closed-loop voltage gain Acy. If you
measure the closed-loop input capacitance and outp

ut resistance, what will they be?

;

557

jection on the capacitor voltage after C

s
#AL T

A

e O.- S‘KE

=0.5¢F
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14) [16] Many student projects used a topology like tt
projects. An external digital SAR circuit takes a
generates the LD and Di signals.

1€ following ADC in their final
clock and the comparator output and

LD
S e i
\1/\1;— A : A : A 3
o

% ;
/ (/ 4 a) design the circuitry that goes inside of the boxe
' loaded on the bottom plates of the capacitors d

bottom plate is switched between 1V and grout
Clearly identify any external inputs to the box

il
¥

G [ b) Assuming the SAR drives the signals to the box
9_) on LD, the digital control bits D2, D1, and DO,

s labeled A, assuming that Vin is
uring the LD phase, and then the
nd in subsequent clock cycles.
which are currently not shown.

[V iyt LD

ces properly, sketch the waveforms
and V+ when the input Vin = 0.6V
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