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Read Carefully:

This is the final exam of INF4410 and INF3410, fall 2016. It will con-
tribute 60% towards the final grade, while the other 40% are contributed by
the mandatory labs 2 and 3 of the course. The task * under chapter * is
RESERVED for INF4411 ONLY! Students that are registered as bachelor
students in INF3410 shall NOT solve this task! No extra points will be given
if they should solve the task!

It is recommended that you read all the tasks before starting with the
exam. A good strategy thereafter is to start with the tasks you feel most
comfortable with and leave the most difficult ones for last.

It is also recommended to read through all the tasks once more after you
have finished, to make sure you have not overlooked anything.

Start a new page for every task you are answering and write your ID-
number and task number on the top of all pages you submit. If you use
several pages per task also mark the page number next to the task number.
Make sure to answer all questions and follow all instructions. Clearly mark
your final answers and results (all that are explicitly asked for or instructed
to find in a task) with a double underline. Document your deduction of those
results and any assumptions you may have had to make.

Note that you may not hand in the original task papers that you are
holding now, i.e. do not write any results here but use exclusively the separate
sheets of paper that you are going to hand in.

Each question is graded indicating the weight when grading.

Chapter 1

Task 1 (3p): Through repeated application of the Thvenin’s Theorem, find the
Thvenin equivalent of the circuit in Fig 1 between node 4 and Gnd and hence
find the current that would flow through a 4k load resistor connected between
node 4 and Gnd.



Table 1.5 MOSFET parameters representative of various CMOS technologies and used for
rough hand calculations in this text.

0.8 pm 0.35 um 0.18 um 45 nm
Technology NMOS PMOS NMOS PMOS NMOS PMOS NMOS PMOS
HCoy (MAV?) 92 30 190 55 270 70 280 70
Vi (V) 0.80 -090 057 -0.71 045 045 045 045
AL (um/V) 0.12 0.08 0.16 0.16 0.08 0.08 0.10 0.15
Cox (fF/um?) 18 18 45 45 8.5 8.5 25 25
tox (nm) 18 18 8 8 5 5 12 1
n 15 15 18 1.7 16 1.7 1.85 1.85
0 (1/V) 0.06 0135 15 1.0 1.7 1.0 23 20
m 1.0 1.0 18 18 16 24 3.0 3.0

Coi/ W= 1. CL; 0.20 0.20 0.20 0.20 0.35 0.35 0.50 0.50
(fF/pm)

Cu/W=C,/W 0.50 0.80 0.75 1.10 0.50 0.55 0.45 0.50
(fF/pum)

Table 1.5
© John Wiley & Sons, Inc. All rights reserved.

Table 1: Typical process parameters
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Figure 1:



Note that V; is the Thvenin equivalent source voltage for node ¢« and NOT the
actual voltage at node 1.

20k$2

= —_— 2 = . 1
V2 Vo Toka 10k 0¥ 2/3 =338 (1)
Ry = 10kQ||20kQ = 10 % 20/(10 + 20) = 200/30 = 20/3 = 6.67kQ  (2)
(3)
20kQ
Vs B33V # oo = 3.334 20/36.67 = 1.82V (4)
Rs = 16.67kQ|20kQ = 16.67 * 20/(16.67 + 20) = 9.09k) (5)
(6)
20kQ2
— 182V —— 0 1.89420/(39.00) = 0.
Vi 82V # oo g = 152 20/(39.00) = 093V (7)
Ry = 19.00kQ[20k = 19.09 % 20/(19.09 + 20) = 9.76k 8)
I, = Vi/(Rui+Ryp)=0.93/(4e3 + 9.763) = 67.61A 9)

Some student has written all in one as

Chapter 2

Task 2 (4p): An OpAmp has a CMRR of 40dB and a differential gain of 25dB.
If the negative input terminal is kept at Gnd and an sinusoid input signal of
100mV peak to peak amplitude is applied to the positive input terminal, what
is the peak to peak amplitude of the output signal? Write the result with at
least 3 digits accuracy! (Ask yourself: what is the peak-to-peak amplitude of
v;q and what is the peak-to-peak amplitude of v.,, and how do they combine
to generate the output?)

Ay = 10%/20=17.78 (10)
Aen = 10(26740)/20( 1778 (11)
Vomaz = Ad*Vidmaz + Aem * Vem,maz (12)
= Ai* (V4 max) + Aem * (V4 maz) /2 (13)

= Ag*50mV + Au * 25mV (14)

= 893.584mV (15)

Vomin = Ad * Vidmin + Acem * Vem,min (16)
= Ag* (Vg min) + Aem * (V4 min) /2 (17)

= Agx—=50mV + A,y x —25mV (18)

= —893.584mV (19)

Vopp = LISTV (20)
(21)

Note v;¢ has only half the peak to peak swing of v
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Figure 2:
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4.5312+(5-4.5312)/5*2.5=4.7656V
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3125+(5-3125)/5*25=4.0625V . = K- — = — — = = =
o 125+(5125)/5%25=3125V
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Figure 3: Solution for task 3

Chapter 3 (only for INF4411!)

The task 3 of chapter 3 is mandatory for students having registered as
master students to course INF4411, and are NOT(!) to be solved for
bachelor students registered to course INF3410. No extra point are to
be gained for bachelor students registered to course INF3410 by solving
this task under chapter 3!

Task 3 (only INF4411, *p): Assume an ideal diode model, i.e. where the diode

does not conduct for voltages equl or lower than zero accross it and does
conduct with no resistance for positive voltages in figure 2. The source is an
ideal triangular voltage source with 5Vpp, i.e. the maxima are +2.5V and
the voltage rises and falls linearly between them. Assume that at time ¢t = 0
all voltages are at OV, i.e. Gnd and that the voltage source is 5 # sin (¢ * 27),
i.e. one cycle is 1s. All capacitors do have the same capacitance C. Draw the
waveforms resulting at all 7 nodes marked in the figure with the numbers 1 to
7. for 4 full cycles. Clearly mark all maxima occuring in the waveforms and
write their values.



Chapter 5

Task 4 (*p): Using the parameters of the 180nm process in table 1, write down
the drain-source resistance rpg in the triode region for very small Vpg and
the drain-source resistance r, in the active region for an nFET with a gate
voltage Vaog = 0.6V and W = 720nm and L = 360nm.

1
ras = = 1/(270e — 6 * 720/360 % (0.6 — 0.45)) = 12.35kQ2 (22)
knpvov
1 L

A, L5k, V2,

= 360e — 9/(0.08¢ — 6 0.5 % 720/360 * 270¢ — 6 x 0.152) = 740.(R3)

To -

Chapter 6

Task 5 (*p): While we did not explicitly give an equation for g, in weak inversion
in the lecture, can you derive an expression for g,, in dependence of I, (i.e.
gm(I4)) in weak inversion if you use the weak inversion expression ofl; in the

Vgs
Sedra/Smith book Iy = Iseﬁ? Do not just write down the result but do
explain briefly how to derive that result!

01,4

I = Fv (24)
aféi(x) = ¢ f'(9) (25)
% e (26)

- L (25)

Chapter 7

Task 6 (*p): Given the current steering circuit in figure 4 (7.4 in the book) and
using the parameters of the 0.35um process in table 1 (at the start of the
exam sheets), but neglecting the slope factor n (i.e. n = 1) with a supply
of Vdd=3.3V and -Vss=Gnd=0, you shall design the circuit such that I,.; is
10pA. The width and length of transistor @)1 shall be W = 1ym and L = 1um.
What resistance R do you need?

Task * (*p): In continuation of the previous task all transistor lengths shall be
the same L = 1pym. Give the widths W5 5 =7 of all transistors Q. 5 if you
want to achieve 12 = 0.5 % IREF; Ig =3 % IREF; and I5 =9x IREF- TI'y to
find two (simple) solutions! (There are no explicit requirements with respect
to the range of the drain voltages.)



0,
Figure 4:
14
Voo = T = sqrt(10e — 6/(0.5 % 190e — 6« 1/1)) = 0.32V
2vn
Vgs = 0.574+0.32 =089V
Ve = 3.30—-0.89 =241V
R = 241/10e — 6 = 241kQ
Wg2 = 0.5um
Wgoz = 3um
Wos
QB _ 4
Woa
so for example
Wos = 3pum
Wgos = 9um
or
Wos = 1lum
Wgs = 3um

Chapter 8
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Task 7 (*p): Using the parameters of the 0.35um process in table 1 (at the start
of the exam sheets) , but neglecting the slope factor n (i.e. n = 1), calculate
the width W =7 of an nFET with length L = 1um that shall have an intrinsic
gain Ay = 80 at a drain current of 2uA. You may assume that the transistor
is in strong inversion. If you use this same transistor with the same drain
current as a common source amplifier with a current-source load consisting
of a pFET with the same dimensions (i.e. W and L are the same as for the
nFET), what will be the gain of that common source amplifier? What will be

the gate to source voltage Vpg of the pFET?



The nFET width:

Ay ImTo (43)
1 L
L 44
o Np  LAp (44)
le —6/(0.16e — 6 * 2¢ — 6) = 3.125MQ (45)
A A
= gm 20 80/3.125¢6 = 25.65= (46)
ro \%
21p
Voo 47
T (47)
2Ip
9m knVou = kn T =V 2k, 14 (48)
2
Im 2 pA
Zm. — 95.6e — —6=163.8— 4
= ky or 25.6¢ — 6%/2/2¢ = 6 = 163.8° (49)
K fimCoeW/L = 190e — 6 + W/1le — 6 (50)
=W le — 6/190e — 6 % 163.8¢ — 6 = 0.862um (51)
check: (52)
21p
Voo = /75— =sart(2%2e — 6/163.8¢ — 6) = 156.3mV (53)
I; = 0.5,V =0.5%163.8¢ — 6 % 156.3¢ — 3% = 2.00uA (54)
A
gm = knVyy = 163.8¢ — 6% 156.3¢ — 3 = 25.6“7 (55)
Ay = 25.6e—6%3.125¢6 = 80 (56)
(57)
Alternative approach:
2
Ay = 58
0 AVoy (58)
SV, = L 94 6/0.16e — 6/80 = 0.1562 (59)
ov — L)\AO = & .10e = U.
I; = 2utA = 0.5k, V2 = 0.5%190e — 6 * W/le — 6 * 156.3¢ — 3% (60)
=W = 2e—6%2/(190e —6/1e — 6 * 156.3¢ — 3%) = 0.862um (61)
(62)

The pFET drain resistance is the same since L and LA is the same so the gain
total gain will be:

T‘o
gm(rollro) = gmo = Ap/2 =140 (63)
And V,,:
20,
Vou = = sqrt(2 x 2e — 6/(55e — 6 * (0.862e — 6/1e — 6))) = 290.5mV  (64)
and
Vas = Vip + Vo = 0.71 + 0.2005 = 1.0005V (65)
Chapter 9

Task 8 (*p): Do a open circuit time constant analysis of the circuit in figure 5
and use it to approximate its cut-off frequency wy. Use g1 = 10,u%



C2=1OOnF

C,=10nF |
1kQ
|

Figure 5:

C1 is tricky but analogous to the CS amplifier on page 735 in the book:

Ix = gmiVi + V2/[30e3 x 20e3/(30e3 + 20e3)]
=gm*Vi+(Vi+V,)/RL

= —gm1 * Ix * Rgig — Ix ¥ Ryig/Rr, + V. /Ry,
=Ix * (—gm1 * Rsig — Reig/R1) + Vo /R

= Vi/Rr = Ix(1+ gm1 * Reig + Rsig/RL)

Rx = Vx/Ix = RL(1 + gm1 * Rsig + Raig/R1)
= Rp + Rpgm1 * Rsig + Raig
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Rx = 12e3 + 10e — 6 * 12e3 * 1e3 + 1e3 = 13.120k2 73
74
So:
71 = 10e — 9 % 13.120e3 = 131.2us (75)
For C2:
R, = 10e3 x 40e3/(10e3 + 40e3) = 8k (76)
So:
T = 100e — 9 * 8e3 = 800us (77)
1 rad
= =1 — 131.2e — 6) = 1.074dk—
WH P /(800e — 6 + 131.2e — 6) 07 5 (78)

Transfer Functions and Bode Plots

Task 9 (*p): Consider the Bode plot in figure 7. Note that it is drawn ’piece
wise linear’, i.e. ignoring the rounding off of knee-points that would not really
have such non-differtiable, apprupt transitions. Write down the corresponding
transfer function Aj(s).
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Figure 6:
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Figure 7: Solution for task 10
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Task 10 (*p): Draw a Bode plot with both magnitude- and phase-plot for the
following transfer function As(s). Make sure to use dB units on the y-axis
and log,y w on the y-axis. Use piece-wise linear approximations in your plots,
i.e. do not 'round’ the transitions between linear regions in your log-log plots,
just like in figure 7.

(5%10% + 5)(1 — 135)

As(s) = 79
2(s) 1+ 5557) L+ %i52) )
Solution Task 9:
4 4 1+i
) = Aoe T )
w, = 108

5
Wpl = Wp2 = 10

11



