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ANTIK Exercises 2012

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: 01/21/13, 07:58

Figure 1.1.1: Schematic symbols of (a) NMOS and

(b) PMOS transistors with voltages and currents indicated.

D

S

G B

D

S

G B

ID

ID

V DS

VBS

VGS

V SG

VSB

V SD

(a) NMOS (b) PMOS



No Rev Date Repo/Course Page

0024 P4A 2012-02-29 ANTIK 11 of 165

Title ANTIK Exercises 2012 ID jacwi50

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 GSV T  or veff0 (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 veff0

V DSV GS−V T , or V DSveff
(6)

I D≈
0⋅C ox

2
⋅
W
L
⋅ 2V 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 veff0

V DS≥V GS−V T , or V DS≥veff
(8)

I D≈
0⋅C ox

2
⋅
W
L
⋅V GS−V T 

2
⋅1V DS

V 
≈⋅veff

2
(9)

Threshold voltage:

V T≈V T , 0⋅2F−V BS−2F  (10)

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

PMOS transistors

Cut-off region (subtreshold):

V SGV T  or veff0 (11)

I D≈0 (12)

Linear region:

V SG≥V T , or veff0

V SDV SG−V T , or V SDveff
(13)

I D≈
0⋅C ox

2
⋅
W
L
⋅ 2V SG−V T ⋅V SD−V SD

2 =⋅ 2 veff V SD−V SD
2  (14)

Saturated region:

V SG≥V T , or veff0

V SD≥V SG−V T , or V SD≥veff
(15)

I D≈
0⋅C ox

2
⋅
W
L
⋅V SG−V T 

2
⋅1V SD

V 
≈⋅veff

2
(16)

Threshold voltage:

V T≈V T , 0⋅2F−V SB−2F  (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=5m

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.

2F 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.
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3.3. Small-signal parameters (K8)

TBD Solution to be added.
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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
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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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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 usage (K9)
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5.10. GM usage (K10)
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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

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 01/21/13, 07:58



No Rev Date Repo/Course Page

0024 P4A 2012-02-29 ANTIK 72 of 165

Title ANTIK Exercises 2012 ID jacwi50

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 01/21/13, 07:58



No Rev Date Repo/Course Page

0024 P4A 2012-02-29 ANTIK 73 of 165

Title ANTIK Exercises 2012 ID jacwi50

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 01/21/13, 07:58



No Rev Date Repo/Course Page

0024 P4A 2012-02-29 ANTIK 74 of 165

Title ANTIK Exercises 2012 ID jacwi50

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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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

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 01/21/13, 07:58



No Rev Date Repo/Course Page

0024 P4A 2012-02-29 ANTIK 79 of 165

Title ANTIK Exercises 2012 ID jacwi50

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.

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 01/21/13, 07:58



No Rev Date Repo/Course Page

0024 P4A 2012-02-29 ANTIK 96 of 165

Title ANTIK Exercises 2012 ID jacwi50

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)
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7.20. Leapfrog filters (K17)

TBD Solutions to be added.
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7.21. Leapfrog filters (K18)

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

TBD Solutions to be added.
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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.

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 01/21/13, 07:58



No Rev Date Repo/Course Page

0024 P4A 2012-02-29 ANTIK 134 of 165

Title ANTIK Exercises 2012 ID jacwi50

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⋅ 2N−1 =1023⋅1 mV=1.023 V (20)
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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⋅N4.77−PAR (21)

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

(22)

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

P sig=
1
2
⋅1

2 
2

=
1
8

(23)

The SNR is thus 

SNR=6.02⋅N4.77−10⋅log10

P pk

P sig
=6.02⋅124.77−10⋅log10

9 /4
1 /8

≈64  dB (24)
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10.3. 
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10.4. 
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10.5. 

This document is released by Electronics Systems (ES), Dep't of E.E., Linköping University. Repository refers to ES Print Date: 01/21/13, 07:58



No Rev Date Repo/Course Page

0024 P4A 2012-02-29 ANTIK 161 of 165

Title ANTIK Exercises 2012 ID jacwi50

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
(25)

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

O=−0.01 (26)

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
(27)

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 1G=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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11.4. 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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