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ANTIK Exercises 2014

General information

Welcome to the 2012 versions of the ATIK and ANIK courses. Jointly referred to as the
ANTIK courses. This is your exercise manual for this year and more information is found
at:

http://www.es.isy.liu.se/courses/A*IK/lessons.html

We are currently compiling most of our material in a more handy format and you now find
the new generation of our exercises manual.  Unfortunately this (this year) implies that
some of the solutions are found in multiple other sources. We have however indicated
where to find the solutions in the exercises of this document.

K -- Kompedium

J&M - Johns & Martin

S - Schaumann

The teaching assistant can guide you through how to find the answers to the questions.

✗ As usual it is suggested to not print the whole document. Keep your laptop 
next to you... save some trees.
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EXERCISE SECTION 1: INTRODUCTION
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1.1. Definitions of voltages and currents

As a quick reference, we have pasted the directions, and indicators to ports, currents,
voltages, etc., for the NMOS and PMOS transistors in Figure 1.1.1.

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 02/17/14, 07:58

Figure 1.1.1: Schematic symbols of (a) NMOS and

(b) PMOS transistors with voltages and currents indicated.
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1.2. (Approximate) Device equations

General

For convenience we use a couple of 'abbreviations' and shorter forms, as:

veff=V GS−V T  (and veff=V SG−V T  for PMOS) is the effective gate voltage. (1)

=
0Cox

2
⋅
W
L

, K=0Cox , =K⋅
W
L

, S=
W
L

(2)

=
1
V 

 is the channel length modulation. (3)

(Notice the deliberately "sloppy" notation with lower and upper cases.)

NMOS transistors

Cut-off region (subtreshold):

V GSV T  or veff0 (4)

I D≈0 (5)

✗ The current is considered to be more or less 0 for hand calculations. It should 
however be mentioned that nowadays one should not be too afraid to use the 
transistors in the sub-threshold region. As we get close to the threshold the 
gain of the transistor is comparatively 

Linear region:

V GS≥V T , or veff0

V DSV GS−V T , or V DSveff
(6)

I D≈
0⋅C ox

2
⋅
W
L
⋅2V GS−V T ⋅V DS−V DS

2 =⋅2 veff V DS−V DS
2  (7)

Saturated region:
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V GS≥V T , or veff0

V DS≥V GS−V T , or V DS≥veff
(8)

I D≈
0⋅C ox

2
⋅
W
L
⋅V GS−V T 

2
⋅1V DS

V 
≈⋅veff

2
(9)

Threshold voltage:

V T≈V T , 0⋅2F−V BS−2F  (10)

✗ The higher source-bulk voltage the higher the threshold voltage, i.e., bad.

PMOS transistors

Cut-off region (subtreshold):

V SGV T  or veff0 (11)

I D≈0 (12)

Linear region:

V SG≥V T , or veff0

V SDV SG−V T , or V SDveff
(13)

I D≈
0⋅C ox

2
⋅
W
L
⋅2V SG−V T ⋅V SD−V SD

2 =⋅2 veff V SD−V SD
2  (14)

Saturated region:

V SG≥V T , or veff0

V SD≥V SG−V T , or V SD≥veff
(15)

I D≈
0⋅C ox

2
⋅
W
L
⋅V SG−V T 

2
⋅1V SD

V 
≈⋅veff

2
(16)

Threshold voltage:

V T≈V T , 0⋅2F−V SB−2F  (17)
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1.3. Circuit noise

Thermal noise

The thermal noise spectral density at the gate of a CMOS transistor is 

v t
2
 f =

4 kT⋅
gm

(18)

where   traditionally was 2/3, but nowadays it can be higher than 1.

Flicker noise

The flicker noise spectral density at the gate of a CMOS transistor is 

v f
2
 f =

K
W LCox f

(19)

where K  is a constant.

✗ Integrating the noise spectral density over a certain frequency band gives you
the noise power. Notice that, in both cases, an infinite noise power is obtained 
if integrating over all frequencies.

Approximate parameters for a 0.35-micron process

In Table 1.1 we have compiled some "older" process parameters for hand calculations that
are also used throughout the exercises.

✗ Notice that more modern processes will have quite different values, but it is 
also more difficult to perform the hand calculations in the same way.

Param. Unit NMOS PMOS Comment

0 cm2
/V s 400 130 Charge mobility, "holes are slower than electrons".

Cox nF /cm2 450 450

V  V 33 20 L=1 m

V  V 100 50 L=5m

V T ,0 V 0.47 0.62 The PMOS typically has higher threshold voltage ...

 V 0.62 0.41 ... but is less sensitive to bulk variations.

2F V 0.86 0.82

Table 1.1: Some typical values for handcalculations.
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EXERCISE SECTION 2: DC ANALYSIS
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2.1. DC analysis on a common-source gain stage with cascodes
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2.2. DC analysis of a bias circuit
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2.3. DC analysis of a common-gate amplifier
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2.4. Simple gain stages with passive load
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EXERCISE SECTION 3: AC ANALYSIS
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3.1. Derivation of small-signal parameters 1
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3.2. Derivation of small-signal parameters 2 (K7)

TBD Solution to be added.

a)

b)
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3.3. Small-signal parameters (K8)

TBD Solution to be added.

a)

Linear region. 

b)

With higher gate voltage the resistance decreases.
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3.4. Common-gate amplifier with non ideal input source
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3.5. Common-gate amplifier input impedance (K3)
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3.6. Amplifier stages with active load
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3.7. Current mirrors
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3.8. Gain stages with cascodes

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 02/17/14, 07:58



No Rev Date Repo/Course Page

0024 P6A 2014-02-07 ANTIK 36 of 202

Title ANTIK Exercises 2014 ID jacwi50

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 02/17/14, 07:58



No Rev Date Repo/Course Page

0024 P6A 2014-02-07 ANTIK 37 of 202

Title ANTIK Exercises 2014 ID jacwi50

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 02/17/14, 07:58



No Rev Date Repo/Course Page

0024 P6A 2014-02-07 ANTIK 38 of 202

Title ANTIK Exercises 2014 ID jacwi50

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 02/17/14, 07:58



No Rev Date Repo/Course Page

0024 P6A 2014-02-07 ANTIK 39 of 202

Title ANTIK Exercises 2014 ID jacwi50

EXERCISE SECTION 4: DIFFERENTIAL GAIN STAGES
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4.1. A single-ended differential gain stage
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4.2. Differential stage with passive load
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4.3. Differential signals

In one of the branches we will have 

V out , p=A0+ A1⋅V i n , p+A2⋅V i n , p
2

+A3⋅V i n , p
3

(20)

and on the other

V out ,n=A0+A1⋅V i n ,n+ A2⋅V i n ,n
2

+ A3⋅V i n ,n
3

(21)

This gives us the differential output as

V out=V out , p−V out ,n=A1⋅(V i n , p−V i n ,n)+A2⋅(V i n , p
2 −V i n ,n

2 )+ A3⋅(V i n , p
3 −V i n, n

3 ) (22)

If now, V i n, p=−V i n ,n , we get 

V out=2 A1⋅V i n , p+2 A3⋅V i n, p
3

(23)

Since the second-order terms disappear, the linearity is also improved.

What about noise? Assume we have noise added to the outputs

V out , p=A0+A1⋅V i n , p+A2⋅V i n , p
2

+ A3⋅V i n , p
3

+vn , p (24)

and on the other

V out ,n=A0+A1⋅V i n ,n+ A2⋅V i n, n
2

+A3⋅V i n ,n
3

+vn ,n (25)

This gives us the differential output as

V out=2 A1⋅V i n , p+2 A3⋅V i n , p
3

+vn, p−vn ,n (26)

For the noise ananlysis, we can neglect the effect of distortion. 

V out=2 A1⋅V i n , p+(vn , p−v n, n) (27)

The output power can be found by taking the expectation value of the square. 

Pout=E (V out
2 )=E ((2 A1⋅V i n, p+(vn , p−vn ,n ))

2
)=E ( (2 A1⋅V i n , p )

2 )+ E ( (vn , p−vn ,n )
2 ) (28)

The first  part  is  the signal  power  and  the second part  the noise power.  The  noise is
uncorrelated, and the power of the signal is given by the amplitude. 

P s=E ( (2 A1⋅V i n , p )
2)=4 A1

2V pp  and Pn=E ( (vn , p−v n, n)
2)=E ( vn, p

2 )+E ( vn ,n
2 )=2P ' n (29)
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The signal-to-noise ratio becomes 

SNRd=
P s

Pn

=
4 A1

2
V pp

2P ' n
(30)

which can be compared to the single branch

SNRs=
P s

Pn

=
A1

2V pp

P 'n
=
SNRd

2
(31)
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EXERCISE SECTION 5: OTAS AND OPS
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5.1. OP and OTA

An operational amplifier (OP) has ideally zero output impedance and is thus suitable for
driving resistive loads, since in this way there is no voltage division between the output
imepdance and the load resistance. Resistive loads are most often used off-chip, but also
on chip in, e.g., active RC filters.

The operational  transconducatance amplifier  (OTA), however  has ideally infinite output
impedance,  and  os  thus  suitable  for  driving  capacitive  loads,  as  is  often  the  case  in
"on-chip" situations, such as Gm-C filters or sample-and-hold circuits, or SC circuits.
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5.2. Current mirror OTA
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5.3. A simplified model of a two-stage operational transconductance 
amplifier
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5.4. A two-stage OTA without compensation circuit
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5.5. Feedback modes (K2)
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5.6. Feedback factor (K4)
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5.7. Compensation of a two-stage OTA
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5.8. A folded-cascode OTA
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5.9. OP application (K9)
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5.10. Gm-C application (K10)
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5.11. OP/OTA stability

a) Transfer function

The total transfer function is simply given by identification.

vout
vi n

=

gm
G I

⋅
gm
G II

(1+
s
G I

C I
)⋅(1+

s
G II

C II
)

(32)

b) Well-separated pools

If the poles are well separated, splitted, then we know that either is p I≫ p II  or p II≫ p I ,
where the poles are identified from first (I) or second (II) stage.

The phase margin is given by 

ϕm=90−atan(
ωug

p2 ) (33)

where p2  is the dominant pole (either p I  or p II ) and ωug=A0 p1 . 

In the 45-degree phase margin case, the p2=ωug . 

ωug=A0⋅p1=A I⋅AII⋅p1= p2⇒
gm

2

G IGII

⋅p1= p2 (34)

which gives us two cases: 

gm
2

G IG II

⋅
G I

C I

=
G II

C II

 and 
gm

2

G IG II

⋅
G II

C II

=
G I

C I

(35)

which boils down to

gm
2

G II
2 =

C I

C II

 and 
g m

2

G I
2=
C II

C I

(36)

Further on, 

gm
2

G IG II

=7200  and 
gm
G II

=8
gm
G I

⇒GI=8GII (37)

Combining them 
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8
g m

2

G IIG I

=
C I

C II

⇒
C I

C II

=8⋅7200  and 
gm

2

8G IG II

=
C II

C I

⇒
C II

C I

=7200 /8=900 (38)

So either 

C II<
C I

8⋅7200
 or C II>900C I (39)
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EXERCISE SECTION 6: NOISE IN CMOS CIRCUITS

✗ If not stated otherwise, we use the process parameters given in Sec.  (), the 
power supply voltage is V DD=3.3  V, the transistor lengths are L=1  um. 

✗ If not stated otherwise, the bulks of the NMOS and PMOS transistors are 
connected to ground and positive supply, respectively.
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6.1. Noise in a multi-stage amplifier
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6.2. Noise in CMOS circuits
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6.3. Noise in an amplifier
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6.4. Noise in a common-source amplifier biased by a current mirror
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6.5. Opamp noise (K6)
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6.6. Opamp noise 1
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6.7. Opamp noise 2
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6.8. Opamp noise 3
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EXERCISE SECTION 7: CONTINUOUS-TIME FILTERS
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7.1. First-order filter

Some important reasons for migrating to an active filter implementation are

➢ Poles and zeros can be placed anywhere in the real axis

➢ Poles and zeros can be placed independently

➢ The filter can be loaded without altering the transfer function. 

➢ Integration and differentiation functions can be implemented

➢ Active filters can be designed to have a certain gain

➢ Cascading is possible to realize higher-order filters
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7.2. Bilinear transfer functions

TBD Solution to be added.
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7.3. Higher-order filters starting point (S 5.3)

TBD  Refer pp. 104-107, 'Design of Analog Filters' , Schaumann and Valkenburg
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7.4. Biquads (S 5.4)

TBD  Refer Ex 3.11, pp. 107-109, 'Design of Analog Filters' , Schaumann and Valkenburg
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7.5. Tow-Thomas (S 5.6)

TBD Refer pp. 129-134, 'Design of Analog Filters' , Schaumann and Valkenburg
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7.6. Sensitivity analysis (S 5.7)

a) passive low pass RLC - Refer pp. 460-461, 'Design of Analog Filters' , Schaumann and Valkenburg

b) inverting amplifier - Refer pp. 457-458, 'Design of Analog Filters' , Schaumann and Valkenburg
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7.7. Sallen Key

TBD Solution to be added.
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7.8. Butterworth LP-filter
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7.9. Chebychev LP filter
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7.10. Butterworth BS-filter
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7.11. A doubly resistive terminated ladder network
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7.12. First-order GmC filter (Ex. 15.2 J&M)

✗ Covered by the main course book. The solutions are found via the course web 
page.
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7.13. Second-order GmC filter (Ex. 15.3 J&M)

✗ Covered by the main course book. The solutions are found via the course web 
page.
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7.14. Active filters (K11)
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7.15. Active filters (K12)
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7.16. Active filters (K13)

TBD Solutions to be added.
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7.17. Active filters (K14)

TBD Solutions to be added.
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7.18. Leapfrog filters (K15)
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7.19. Leapfrog filters (K16)

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 02/17/14, 07:58



No Rev Date Repo/Course Page

0024 P6A 2014-02-07 ANTIK 108 of 202

Title ANTIK Exercises 2014 ID jacwi50

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 02/17/14, 07:58



No Rev Date Repo/Course Page

0024 P6A 2014-02-07 ANTIK 109 of 202

Title ANTIK Exercises 2014 ID jacwi50

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 02/17/14, 07:58



No Rev Date Repo/Course Page

0024 P6A 2014-02-07 ANTIK 110 of 202

Title ANTIK Exercises 2014 ID jacwi50

7.20. Leapfrog filters (K17)

TBD Solutions to be added.

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 02/17/14, 07:58



No Rev Date Repo/Course Page

0024 P6A 2014-02-07 ANTIK 111 of 202

Title ANTIK Exercises 2014 ID jacwi50

7.21. Leapfrog filters (K18)

TBD Solutions to be added.
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7.22. Gyrators (K19)

TBD Solutions to be added.

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 02/17/14, 07:58



No Rev Date Repo/Course Page

0024 P6A 2014-02-07 ANTIK 113 of 202

Title ANTIK Exercises 2014 ID jacwi50

7.23. Gm-C filters (K20)

TBD Solutions to be added.
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7.24. Gm-C filter parasitics (K21)

TBD Solutions to be added.
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7.25. Gm-C filters (K22)

TBD Solutions to be added.
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EXERCISE SECTION 8: SWITCHED CAPACITOR CIRCUITS
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8.1. Switched capacitor accumulator 1
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8.2. Switched capacitor accumulator 2
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8.3. Switched capacitor circuit 1
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8.4. Switched capacitor circuit 2
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8.5. Switched capacitor circuit 3
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8.6. Switched capacitor circuit 4
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8.7. Switched capacitor circuit 5
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8.8. SC circuit (K25)
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8.9. SC circuit (K26)
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8.10. SC circuit (K27)
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8.11. SC circuit (K28)
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8.12. Clock feedthrough (K29)

TBD Solutions to be added.
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8.13. Switch sharing (K30)

TBD Solutions to be added.
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8.14. SC circuit (K37)
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8.15. Signal switching (K39)

TBD Solutions to be added.
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8.16. Sampled noise (K24)

TBD Solutions to be added.
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EXERCISE SECTION 9: SC FILTERS
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9.1. SC filter building blocks (K36)
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9.2. Bilinear integrator (K38)
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9.3. LDI transform (K31)

TBD Solutions to be added.
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9.4. LDI transform (K32)

TBD Solutions to be added.
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9.5. SC filter 1

TBD Solutions to be added.
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9.6. Filter scaling (K23)

TBD Solutions to be added.
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9.7. LDI SC filter (K33)
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9.8. SC elliptic filter (K34)
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9.9. SC filter (K35)
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9.10. SC filter (K40)
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EXERCISE SECTION 10: DATA CONVERTERS, FUNDAMENTAL

✗ Covered by the main course book. The solutions are found via the course web 
page.

✗
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10.1. D/A swing (Q 11.1 J&M) 

For a unipolar D/A converter, all the levels are represented by one single output, i.e., we
do not have negative values. The code is offset binary.

A 10-bit converter, will have 210  levels starting from 0 and ending at 2N
−1 . This means

that the maximum output must be: 

V out , max=V LSB⋅ 2
N
−1 =1023⋅1 mV=1.023 V (40)
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10.2. SNR (Q 11.2 J&M) 

✗ (Similar to Quiz 5 in the ANIK course 2012). 

For any N -bit converter we can write the SNR as 

SNR=6.02⋅N4.77−PAR (41)

where  PAR=P pk /P sig  is  the  peak  to  average  ratio  for  the  signal.  For  a  full-scale
sinusoidal, this value is 2 (linear scale), i.e., 3 dB. The ADC range is now V ref=3  V, which
means that the peak power is 

P pk=V ref

2 
2

= 3
2 

2

=
9
4

(42)

In the exercise, a sinusoid of 1 Vpp is applied, which means that the signal power is 

P sig=
1
2
⋅12 

2

=
1
8

(43)

The SNR is thus 

SNR=6.02⋅N4.77−10⋅log10

P pk

P sig

=6.02⋅124.77−10⋅log10

9 /4
1 /8

≈64  dB (44)
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10.6. 
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10.7. INL/DNL (Q 11.7 J&M)

Measured values are given by:

-0.01, 1.03, 2.02, 2.96, 3.95, 5.02, 6.00, 7.08 V 

and ideal values should be

0.00, 1.00, 2.00, 3.00, 4.00, 5.00, 6.00, 7.00 V

Approach 1: 

The INL is directly given by the difference between the measured and ideal values, which
means that INL is equal to:

-0.01, 0.03, 0.02, -0.04, -0.05, 0.02, 0.00, 0.08

The DNL is the difference in ideal step between two consecutive values compared to the
ideal step (1.00 V):

1.03 - (-0.01) - 1.00 = 0.04
2.02 - 1.03 - 1.00 = -0.01
2.96 - 2.02 - 1.00 = - 0.06
3.95 - 2.96 - 1.00 = -0.01
5.02 - 3.95 - 1.00 = 0.07
6.00 - 5.02 - 1.00 = -0.02
7.08 - 6.00 - 1.00 = 0.08

The worst-case INL and DNL are given by the absolute max of the values above.

Approach 2: Compensation for gain and offset error

We can compensate for offset and gain error to align the lowest and highest values. The
gain error (ideally this should be 0) is 

G=
7.08−−0.01

1
Real gain

−
7
1

Ideal gain

=0.09
(45)

and we find a small offset in the first code, so the offset error is 

O=−0.01 (46)

We can now compensate each value with the gain and offset error according to: 
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V k=V meas−O−G⋅
k

2N
−1

(47)

Now we will get:

0.000, 1.027, 2.004, 2.931, 3.909, 4.966, 5.933, 7.000

With INL

0.000, 0.027, 0.004, -0.069, -0.091, -0.034, -0.067, 0.000

and DNL

0.027, -0.023, -0.073, -0.022, 0.057, 0.033, 0.067.

The worst-case INL and DNL are given by the absolute max of the values above.

Approach 3: Best-fit compensation

We can assume that offset and gain error can be neglected in some applications. In that
case, we want to align according to a best fit line, i.e., not assume that the end values are
the correct ones. This implies also that the actual step size is not 1 V anymore.

In this case, the offset and gain errors become

G=0.0056  and O=−0.0133

and the compensated values become

0.0033    1.0377    2.0221    2.9565    3.9410    5.0054    5.9798    7.0542

with DNL and INL (referring to the compensated LSB step size, which is 1G=1.0056 ). 

DNL = 0.0344   -0.0156   -0.0656   -0.0156    0.0644   -0.0256    0.0744

INL = 0.0033    0.0377    0.0221   -0.0435   -0.0590    0.0054   -0.0202    0.0542

The worst-case INL and DNL are given by the absolute max of the values above.
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EXERCISE SECTION 11: DATA CONVERTERS, DAC

✗ Covered by the main course book. The solutions are found via the course web 
page.
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11.1. 
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11.4. R-2R ladder DAC (Q 12.11 J&M) 

✗ Missing in the manual is that the RA  is the left-most vertical resistor, and RB  
is the left-most horizontal resistor. RC  is the right-most vertical resistor.
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EXERCISE SECTION 12: DATA CONVERTERS, ADC

✗ Covered by the main course book. The solutions are found via the course web 
page.
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EXERCISE SECTION 13: TRANSMISSION LINES
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13.1. Transmission line basics

With higher frequencies the physical distance plays a larger role. From the figure in the
exercise,  we see that  the  black  (on  the  top)  curve  (100 MHz sinusoid)  shows a  near
constant behavior  over the 10-cm resistor.  One would conclude that the component is
lumped (transmission line effects less of concern) for that case.

The book (and lectures) indicate that the physical size should be less than 0.01 of the
wavelength to be considered lumped: l<0.01λ . 

In the exercise, we assume the speed to be equal to speed of light, v=c , we do not have
to consider the dielectrica. We get 

l<0.01⋅
c
f
⇒

3⋅106

f
(48)

With the values inserted, we get

a) f =20  kHz: L=20  cm, l=3⋅106
/20⋅103

=150  m >> 20 cm.  LUMPED.

a) f =60  Hz: L=50  km, l=3⋅106
/60=50  km ~ 50 km.  DISTRIBUTED.

a) f =600  MHz: L=20  cm, l=3⋅106
/600⋅106

=0.5  cm << 20 cm. DISTRIBUTED.

a) f =100  GHz: L=1  mm, l=3⋅106
/100⋅109

=0.03  mm << 1 mm. DISTRIBUTED.
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13.2. Reflections

✗ This exercise also exists in the andaLectureTest lab library.

Z 0=50  Ω and source resistance of RS=1  Ω. Load resistance of RL=1000  Ω.

The input voltage  describes a  step function  from  0 to  5 Volts at  t=0 ,  v=2⋅108  m/s,
L=0.2  m.

a) What are the reflection coefficients at both ends?

The reflection coefficients are given by

Γ=
Z x−Z0

Z x+Z 0

(49)

For the source: 

Γ s=
RS−Z0

R S+Z 0

=
1−50
1+50

=
−49
51

≈−1 (50)

and for the load

Γ s=
RL+Z 0

RL+Z 0

=
1000−50
1000+50

=
950

1050
≈1 (51)

At the source it reflects with opposite phase (voltages subtract). At the load it reflects with
same phase (voltages add)

b) Find the voltage across the load resistor as a function of time.

First, we identify that it takes T 0=L /v=1  ns to travel from source to load. This should be
visible in the diagram.

So,  first  we send off  5 V.  The  source  will  "see" a  voltage  of  5⋅50/(1+50) .  Notice the
voltage division - independent on load. 

This wave will  travel  to the other  side, and 1 ns later  it  arrives at the load.  Here the
reflection coefficient is high, almost 1. 

Almost the entire voltage is reflected back and yields 10 V (!) This wave in turn travels
back to source, where the reflection coefficient is  −1 , such that the wave is cancelled
out, etc.

[PICTURE OF THE SETTLING CAN BE OBTAINED FROM THE LAB SETUP]
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c) What is the final voltage at the load resistor.

The final voltage at the resistor, after all the bounces back and forth, must be given by
the voltage division over the load and source. We have 

V L=
RL

R S+R L

⋅V S=
5⋅1000
1001

≈5 V (52)
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13.3. Matched loads

✗ This exercise also exists in the andaLectureTest lab library.

Assume a transmission line Z 0=50  Ω, and source resistance of RS=25  Ω, load resistance
is RL=50  Ω and the input voltage describes a step function from 0 to 5 Volts at t=0 .

The speed-of-propagation is v=20  cm/ns. The transmission line is 20 cm long. 

a) What are the reflection coefficients at both ends?

Γ=
Z x−Z0

Z x+Z 0

(53)

For the source: 

Γ s=
RS−Z0

R S+Z 0

=
25−50
25+50

=−0.333 (54)

and for the load

Γl=
RL+Z 0

RL+Z 0

=
50−50
50+50

=0 (55)

We have a perfect match on the load. The wave will be fully absored at the end.

b) Find the voltage across the load resistor as a function of time.

The outgoing wave from the source is given by 

V first=5⋅
Z 0

RS+Z0

=
5⋅50
75

=3.333 V (56)

The incoming waves will be fully absored at the end and no reflection. This makes the
output just accept the incoming puls and at 1 ns. Then ready. The source impedance is of
less concern.

c) What is the final voltage at the load resistor.

Voltage division still holds for the end value. 

V L=
RL

R S+RL
⋅V S=

5⋅50
75

≈3.333 V (57)
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13.4. DC Termination

Transmission line with Z 0=50  Ω, and source resistance of RS=67  Ω. Supply is 3.3 V.

a) Dimension R1  and R2  to provide matched load and a DC voltage of 0.75 V.

Ignore the source for time being and just set the resistors at the end accordingly:

V DC=0.75=3.3⋅
R2

R1+R2

(58)

And matching requires RL=Z 0 . 

Z 0=
R1⋅R2

R1+R2

=
0.75R1

3.3
⇒R1=3.3

Z 0

0.75
=4.4Z 0=220  and R2=

200
3.4

≈60 (59)

b) Calculate the current through the driver for the high and low states.

In the settled high-state (of the driver), the path from Supply is a 67 Ohm in parallel with
220 Ohm through 60 Ohms down to ground.

In the settled low-state (of the driver), the path from Ground is a 67 Ohm in parallel with
60 Ohm through 200 Ohms up to supply.

c) With the "traditional" termination (only resistor R2 ), what would be the current 
through the driver for high and low states?

For low states, no current at all.

For high states it would be 67 Ohms in series with 60 Ohms down to ground. 

d) Which consumes most power

c)
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13.5. Series termination
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13.6. Splitted transmission lines

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 02/17/14, 07:58



No Rev Date Repo/Course Page

0024 P6A 2014-02-07 ANTIK 185 of 202

Title ANTIK Exercises 2014 ID jacwi50

13.7. Termination
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EXERCISE SECTION 14: DECOUPLING CAPACITORS AND 
POWER SYSTEMS
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14.1. Board-level bypass capacitor
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14.2. Highest effective frequency of a bypass “decap” (decoupling 
capacitor)
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14.3. Non-ideal decaps
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14.4. To be added
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14.5. To be added
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EXERCISE SECTION 15: TIMING AND MISCELLANEOUS
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15.1. Loop filter of a PLL
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15.2. Sources of jitter and skew
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15.3. PLL division ratio
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15.4. PLL jitter
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15.5. Clock drivers
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EXERCISE SECTION 16: COMPUTER-AIDED LESSONS

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 02/17/14, 07:58



No Rev Date Repo/Course Page

0024 P6A 2014-02-07 ANTIK 199 of 202

Title ANTIK Exercises 2014 ID jacwi50

16.1. Amplifier stages

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 02/17/14, 07:58



No Rev Date Repo/Course Page

0024 P6A 2014-02-07 ANTIK 200 of 202

Title ANTIK Exercises 2014 ID jacwi50

16.2. Opamp application 1 
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16.3. Opamp application 2
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16.4. Compensation of opamps
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16.5. Filters
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16.6. Nonideal decoupling capacitors 1
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16.7. Non-ideal decoupling capacitors 2
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16.8. INL/DNL

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 02/17/14, 07:58


	Exercise section 1: Introduction
	1.1. Definitions of voltages and currents
	1.2. (Approximate) Device equations
	1.3. Circuit noise

	Exercise section 2: DC Analysis
	2.1. DC analysis on a common-source gain stage with cascodes
	2.2. DC analysis of a bias circuit
	2.3. DC analysis of a common-gate amplifier
	2.4. Simple gain stages with passive load

	Exercise section 3: AC analysis
	3.1. Derivation of small-signal parameters 1
	3.2. Derivation of small-signal parameters 2 (K7)
	3.3. Small-signal parameters (K8)
	3.4. Common-gate amplifier with non ideal input source
	3.5. Common-gate amplifier input impedance (K3)
	3.6. Amplifier stages with active load
	3.7. Current mirrors
	3.8. Gain stages with cascodes

	Exercise section 4: Differential gain stages
	4.1. A single-ended differential gain stage
	4.2. Differential stage with passive load
	4.3. Differential signals

	Exercise section 5: OTAs and OPs
	5.1. OP and OTA
	5.2. Current mirror OTA
	5.3. A simplified model of a two-stage operational transconductance amplifier
	5.4. A two-stage OTA without compensation circuit
	5.5. Feedback modes (K2)
	5.6. Feedback factor (K4)
	5.7. Compensation of a two-stage OTA
	5.8. A folded-cascode OTA
	5.9. OP application (K9)
	5.10. Gm-C application (K10)
	5.11. OP/OTA stability
	a) Transfer function
	b) Well-separated pools


	Exercise section 6: Noise in CMOS circuits
	6.1. Noise in a multi-stage amplifier
	6.2. Noise in CMOS circuits
	6.3. Noise in an amplifier
	6.4. Noise in a common-source amplifier biased by a current mirror
	6.5. Opamp noise (K6)
	6.6. Opamp noise 1
	6.7. Opamp noise 2
	6.8. Opamp noise 3

	Exercise section 7: Continuous-time Filters
	7.1. First-order filter
	7.2. Bilinear transfer functions
	7.3. Higher-order filters starting point (S 5.3)
	7.4. Biquads (S 5.4)
	7.5. Tow-Thomas (S 5.6)
	7.6. Sensitivity analysis (S 5.7)
	7.7. Sallen Key
	7.8. Butterworth LP-filter
	7.9. Chebychev LP filter
	7.10. Butterworth BS-filter
	7.11. A doubly resistive terminated ladder network
	7.12. First-order GmC filter (Ex. 15.2 J&M)
	7.13. Second-order GmC filter (Ex. 15.3 J&M)
	7.14. Active filters (K11)
	7.15. Active filters (K12)
	7.16. Active filters (K13)
	7.17. Active filters (K14)
	7.18. Leapfrog filters (K15)
	7.19. Leapfrog filters (K16)
	7.20. Leapfrog filters (K17)
	7.21. Leapfrog filters (K18)
	7.22. Gyrators (K19)
	7.23. Gm-C filters (K20)
	7.24. Gm-C filter parasitics (K21)
	7.25. Gm-C filters (K22)

	Exercise section 8: Switched Capacitor circuits
	8.1. Switched capacitor accumulator 1
	8.2. Switched capacitor accumulator 2
	8.3. Switched capacitor circuit 1
	8.4. Switched capacitor circuit 2
	8.5. Switched capacitor circuit 3
	8.6. Switched capacitor circuit 4
	8.7. Switched capacitor circuit 5
	8.8. SC circuit (K25)
	8.9. SC circuit (K26)
	8.10. SC circuit (K27)
	8.11. SC circuit (K28)
	8.12. Clock feedthrough (K29)
	8.13. Switch sharing (K30)
	8.14. SC circuit (K37)
	8.15. Signal switching (K39)
	8.16. Sampled noise (K24)

	Exercise section 9: SC filters
	9.1. SC filter building blocks (K36)
	9.2. Bilinear integrator (K38)
	9.3. LDI transform (K31)
	9.4. LDI transform (K32)
	9.5. SC filter 1
	9.6. Filter scaling (K23)
	9.7. LDI SC filter (K33)
	9.8. SC elliptic filter (K34)
	9.9. SC filter (K35)
	9.10. SC filter (K40)

	Exercise section 10: Data converters, Fundamental
	10.1. D/A swing (Q 11.1 J&M)
	10.2. SNR (Q 11.2 J&M)
	10.7. INL/DNL (Q 11.7 J&M)

	Exercise section 11: Data converters, DAC
	11.4. R-2R ladder DAC (Q 12.11 J&M)

	Exercise section 12: Data converters, ADC
	Exercise section 13: Transmission Lines
	13.1. Transmission line basics
	13.2. Reflections
	a) What are the reflection coefficients at both ends?
	b) Find the voltage across the load resistor as a function of time.
	c) What is the final voltage at the load resistor.

	13.3. Matched loads
	a) What are the reflection coefficients at both ends?
	b) Find the voltage across the load resistor as a function of time.
	c) What is the final voltage at the load resistor.

	13.4. DC Termination
	a) Dimension and to provide matched load and a DC voltage of 0.75 V.
	b) Calculate the current through the driver for the high and low states.
	c) With the "traditional" termination (only resistor ), what would be the current through the driver for high and low states?
	d) Which consumes most power

	13.5. Series termination
	13.6. Splitted transmission lines
	13.7. Termination

	Exercise section 14: Decoupling Capacitors and Power Systems
	14.1. Board-level bypass capacitor
	14.2. Highest effective frequency of a bypass “decap” (decoupling capacitor)
	14.3. Non-ideal decaps
	14.4. To be added
	14.5. To be added

	Exercise section 15: Timing and Miscellaneous
	15.1. Loop filter of a PLL
	15.2. Sources of jitter and skew
	15.3. PLL division ratio
	15.4. PLL jitter
	15.5. Clock drivers

	Exercise section 16: Computer-aided lessons
	16.1. Amplifier stages
	16.2. Opamp application 1
	16.3. Opamp application 2
	16.4. Compensation of opamps
	16.5. Filters
	16.6. Nonideal decoupling capacitors 1
	16.7. Non-ideal decoupling capacitors 2
	16.8. INL/DNL


