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2. [6] Your friend has designed a two stage Miller compensated op-2

3.
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[8] In a vacuum tube, the plate (or anode) current is a function of the plate voltage
(output) and the grid voltage (input). Ip =k(Vp + uVG)y 2 where i is a function
of the tube geometr}Sj y
- y =
a. Calculate g, = T\i = 2k (Ve +m V&) A
+ 1 + !
b. Calculate g,=1/1, Y

= ks Fr(vprnve) ™

c. Calculate the intrinsic gain from parts a and b

“jm/qa S TAA

y 4 m,‘"ssﬂg, m.nvs ok_
i

Prob. Score
1,23 124
4,5 /20
6 /18
7.8 /20
9 22
10, 11 /120
12 /120
13 /12
Total /156

+ /
d. Can you find intrinsic gain more easily by examining the equation for current? Explain.

- = V. =z S == o
L>Z'F-Lom+ =) Vp‘f'//‘ ? (asT =D ,f——,_,,/ut

Yy

imp, and is using a unity gain buffer in series

with the compensation capacitor. He can’t remember if it is supposed to point left or right, or which side of

the capacitor it’s supposed to be on.
a. Why use the buffer at all? What is its purpose?

?MJQVD& {ez,(-fdvn)wd CU([\‘—CQ) Caljl"\j, QZHP 2evo ___.‘ 2B

+.] +
b. Does it point left or right? Why?
LefT. Providlp {%JL%/M# f6 rroryd

+{ #/
c. Which side of the capacitor should it be on? Why?
Risit. Stege | naeds 4o see o (apacitorto Vot

A B -

i

[10] You are designing a single-stage CMOS op-amp to be used in feedback to achieve a gain of 50. The gain
must be accurate to 1% from DC to 20 Mrad/s. The load is a 1pF capacitor. You are restricted to biasing
your transistors with overdrives between 100mV and 1V, and they look reasonably quadratic in that range.
a. What is the minimum open-loop gain and dominant pole location of the op-amp?

- L sl o 10 5o

b. What is the minimum unity gain frequency of the op-amp?

(S’K) (1omrv;n9/§) z /oo ém;@/;
c. What is the minimum transconductance of the input transistors?

9.2 4L 20" *F)=0.1s

d. What is the minimum current in each of the input transistors?

) 2
4

—
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[10] An NMOS-input common source amplifier with a PMOS load is biased so that the NMOS
transconductance is ten times greater than the PMOS transco
a. What is the ratlo of the PMOS gate noise Bower ¥ n.p> to the NMOS gate noise power, o aN?

//L/ /L/ g - 3 mn i /
. / 2= 10 |
b. What is the ratio of the gain from the PMOS gate to the output, Avp, to the gain from the NMOS gate to
the output, Ayn? s
RO ST
Vi

c. What is the total noise power spectral density in Volts squared per Hz at the output, in terms of O p, ,
0 ? _— 1 —_— g

AVP: Un,N, and AVN A = 4‘//; ?/ g - AV

nn""Vn

d. What is the total noise power spectral den51ty 1n Volts squared per Hz at the output in terms of just o,

0 —T a1
AN T )+ Ton P 3 el T A

e. What is the total noise power spectral density in Volts squared per Hz at the input in terms of just Oy,
and Ayn? —1
VN ; /‘ / 2

[10] With the following selection of op-amp topologies, and assuming Vin=-V1p=1V, Vpp=5V
NMOS input diff pair with current mirror load
PMOS input diff pair with current mirror load
NMOS input 2 stage Miller compensated
PMOS input 2 stage Miller compensated
NMOS input folded cascode
. PMOS input folded cascode
List whlch op-amps will work with which applications. If none, write none.

a) Switched capacitor amplifier with one input grounded, _ §- insnd

6

b) Unity gain buffer from 0 to 5V
Nore._

QU R W~

¢) Comparator making comparisons near Vpp
35 or flore ©7 3

d) Unity gain buffer for signals near mid-rail, with capacitive load
O~ L(

e) Non-inverting amplifier with gain of 10 driving a 1kQ|resistive load

@)¢ CEL 5 hpno




6. [18] The figure below is a current mirror op-amp. Assuming a 0to 5V supply, Vin=-Vrp=1V, and all
transistors with the same number are the same size, and that g,r,>>1 for all combinations.
a. What is the gain from a differential input (across the gates of 1AB) to the voltage between the gates of

/
2AB?  — j_“;‘i,, ;,1 e i Wl |
M
b. What is the g%'i"n'?rom the gate of 4A to the gate of 5A?
~ 7rmd-
T8 |
c. If a differential input causes a differential current ig in 1A and -ig in 1B, what is the current at the output
if the output is held at small signal ground (e.g., in a G, calculation)? p 5
¥ Imy [ _—— -
2‘ —7/”:_ / ¥ 0{
d. What is the low frequency voltage gain? .
: Miss) a"‘ 4 —
%ffi Im) (fM}}ng) (s Tz L

e. What is the input common mode range (min and max)?
min = \/7.U+VD\,31—U0\JI /L ‘hJ
prox = Voo = [Nyp| 2 \/.’I‘U"'JVO"'LI - v ’7°

f. What is the output swing (min and max)?

[‘/OJEJ Vop m/:,L]

g. What is the frequency of the dominant pole?
l/\j - __.L————«————"
Pouvt (f‘o ol ros*) Gy
h. Considering only Cg, what is the frequency response of G,? (i.e. where are the other poles and zeros?)
I ly T Sl Y £ Im¥S
- - Ims. ¥4 ML e -
- ?_5:’ 7mL(/* %)PML % Cs2tCss§ 4l 1 G555

i. If you were not happy with the phase m%i(O\fthis op-amp in unity gain feedback, where would you add

¢ Fuems iibe & dooblat 2 1% Sarpns)
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7. [8] The transistor below has Vix=1V, Cg=5pF, Cgi=1pF, Rox=1k,

Ve

o, =

~

a. If the clock is high, how long does it take for V¢ to settle from 100mV to 100uV?
2 -9 :
[11 T =RC=1070 =lums =1 ofteqtlrn 7T

[LI Ol 25 ' F = Hins

b. If the clock goes low (relatively slowly) when V¢ has settled to 10mV, what is the impact on V¢ during .

that transition? Give an explanation and a number in Volts

ZLJ 'fmms "Jﬁ'\/ '/‘urhs off o~‘+ 325; N Vih <V
Q“ :’\/i"‘ Cfd, ,’:(/ V) (/ﬁ F) :",P C
8. [12] In the switched capacitor circuit below (bookkeep charge)
{1]a. What is the voltage on V- during ¢,? O

b. What is the charge on the right side of Ca and Cp during ¢,

@ﬁ‘;l:-\/"",q CA, &BP\/,:O
o) c. What is the voltage on V- during ¢,?

d. What is the charge on the right side of C4 and Cg during ¢

Qﬂgﬂ_ =0 QER,L = -Vi2ls

e. Where does the charge difference between parts b and d go

+o 4lo /P?(’f /’)/q‘fe 07[ CF

[1,-1f. What is the change in V¢ during one cycle of both clocks?

4av = ’i’%;::f;/hq\/ l{]
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(Cypress Semiconductor PSoC Application Note)
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[22] In the audio amplifier above, ignore the very weird output stage driving the speaker, and
a. Circle and label the
i. input diff pair
ii. 2" stage diff pair
iii. feedback network from the output to V-
b. Roughly what is the voltage on R3?

0.7V

c. Roughly what is the current through R3? (). 7V =
— = Pm A

220
d. Roughly what is the g, of Q1?7 —— )
L E _Iw“ ~ SOm S

gm =

V4 26 mV

e. Roughly what is the differential gain of the 1* stage
hi=gnmr, = (SomS)(e509) = 35 W

f. Roughly what is the differential to single-ended gain of the 2" stage?

sz‘ﬁﬁ%g

g. What is the DC feedback factor?

=)

h. What is the audio-frequency feedback factor? Rg

@
-
@
=
o
o
Fh
B
&
&

and what is that frequency? |

g (3 40012 +100nf

i. What RC time constant determines the low

¢
)
\/‘\
>
S




"10. [12] You have a bandgap that provides a stable 1.2V reference, a
components in a system, you need buffered reference voltage
current load on those reference voltages. Sketch the op-amp
voltages, and then draw the schematic of the amplifiers. Be ¢
assume that internal op-amp bias voltages are generated elsewv

opHlon

$LV
A

R

S
H"Low \/CM ;j 'DMOS il\ff)/
A = Nesistive Hzeblbrck
- Mv54 Lc 2 5}%}6’}
x\
> Cascoles must
be \r\\‘j)'\ SM;IV\;

=

L pts  each
11. [8] The curves below were taken from an N-type FET made at Be
a single molecule of semiconductor, MoS, for the body and

source/drain. Amazing!
(“MoS2 transistors with 1-nanometer gate lengths”, Science, October 2016)

a. This N-type device has a negative threshold voltage. Roug

what is it? b V.. =8V
- B 3 BS
2V [-25 -2 ] sk

b. If the width of the device is 1 um, roughly what is the 5_ 15
transconductance when VGS=-1V and VDS=2.5V? <

5— A =4 P ' = 10
s 07 S JowS 15ug]

0.5V - ™ 5

c. Roughly what is the output resistance at the same bias poin
SV
’ 250k

_—
d. What is the intrinsic gain at this bias point?

= 7.5 WAy

.|
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ind a 5 to 6V supply. For other analog
s of 0.3V and 4.8 V. There is very little
circuits that you would use to generate these

areful of input and output voltages! You may

vhere.
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- 12.[20] For the "gain boosting" sub-circuit in the figure to the below,
(load impedance not shown) and that gpro>>1 .
a. Draw the DC small signal model appropriate for a calculati

£ i

1

~

~)

(jQ

NS

A

. What op-amps would be appropriate from the list in probler

Vs ) 9m Vost ;ré Vi

lo

¥

. Calculate R,, the output resistance seen looking into the drain of M2

= V’*/,'dr = @VV)FOZA

-We T @ gmZNgsz 51

/\ .
. Calculate Gp, the transconductance from the input V; to the

Gm Lo @m]

similar cascode amplifier without the op-amps? ——

frequency ignoring all other poles, zeros, caps, etc.
A@VY\ ra’L

2
gmle” | ,
[ Wp Wi +

response not have a substantial impact on the bandwidth of

PO’C -gfom {Za CL 5%0\/'(9 bc’

2, @

assuming that the output is at the drain of M2

on of R,

. Draw the DC small signal model appropriate for a calculation of G,

0

drain of M2

. If the load impedance were a mirror image made with PMOS devices, how would the gain compare to a
dncresses )9\/ A Himes

. If the op-amp gain has a single pole wpa, sketch the impedance looking into the drain of M2 vs.

. Compare the impedance above to a load capacitor. Under what conditions will the op-amp frequency

the overall amplifier?

Then  Lpp

L( wmyloc O‘C but fﬁb; 7 ancéins




~"13. In the following 2 bit ADC circuit, LD and CMP are non-overlapping clocks. There is a SAR circuit which
drives bl and b0 based on LOW. Assume that the RC time constants are fast compared to the time scale
below. V.=1V. b; and bg are either 0 or 1V. +
a. What binary value should the SAR report when V;,=0.6V? l 0 2 )9 s
b. Assuming V;;=0.6V, carefully sketch the waveforms on Vx and LOW, and continue the waveforms for b,
and by on the graph provided below.
LD Vet + LOW
Vref & — =
26 Co s 1
CMP CMP
b, T bo_xl . CMP‘I!
LD>Z LD>T LD>Z
Vin
/LD
CMP
by /
b [\
SV
1V
[y
0.5V
Vx O;"\V
ov
LOW X
- B B B |
l | l/{ . ! " p2 ]
S reslons, 7 mer PR




