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Lecture 1 

• Changes in the course 

• Prerequisite 

• Course information 

• Course registration 

• Student representatives for course evaluation 
meetings 

 

• Ch 2 Basic MOS device physics 
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Course changed 2010 

• Focus on design in CMOS technology 

• Change of course book 

– Razavi, Design of Analog CMOS  

 Integrated Circuits 

 Available at student book store  

• Change of how the course is organized 

• Change of examination 
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Prerequisite 

• Basic course in Electrical circuits 
– Methods to solve for currents and voltage in 

electrical circuits 

• Basic course in Analog electronics 
– Basic transistor based amplifiers  

– Understand transistor models 

– Biasing transistors 

– Small signal models 

– Use of operational amplifiers 
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Course outline 

• Lectures 
• Exercises, students solve selected problems from 

book and demonstrates his or hers solution at the 
exercise Students responsible! 

• Labs, verify your solutions of selected problems  
with simulation 

• Written exam, first part (questions, short 
problems) is closed book and second part 
(analysis and design problems) is open book 

• Course web page 
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https://www.kth.se/social/course/IL2218/


Chapter 1 

• Why analog? 
– The nature is analog 
– Analog frontends in digital system  
– Amplification before A/D-conversion 

• Why integrated? 
– All in same chip 

• Why CMOS? 
– Digital and analog on same chip 
– Device scaling improving MOSFETs 

• Why this book? 
– Analog design from both intuitive and rigourous angles 
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Chapter 2 Basic MOS Device Physics 
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2eff drawn DL L L 

NMOS 
MOS = Metal Oxide Semiconductor 



NMOS PMOS  CMOS 
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NMOS 

PMOS 

CMOS = Complementary MOS 



MOS symbols 
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Four terminal  Three terminal  Digital 

How is terminal body connected? 



Threshold Voltage VTH 
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Depletion 

Inversion 
Depletion 

For VG > VTH we have inversion and a N-channel from source to drain  



Triode (linear) Region 
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I/V Characterics - Triode Region 

2015-01-19 IL2218 Analog electronics, advanced course    KTH/ICT/EKT P3 VT15  /BM 12 

0 0

[ ( ) ]
DSVL

D ox n GS TH

x V

I dx WC V V x V dV
 

   

21
[( ) ]

2
D n ox GS TH DS DS

W
I C V V V V

L
  

Pinch off =  
velocity saturation 

Saturation 



Saturation (active) region 
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Body effect 
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If body potential is different from source potential, i.e. 
the threshold voltage will change. This is called body effect. 
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Channel-Length Modulation 
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When VDS increases, the channel will be slightly shorter 
due to depletion at drain. This will increase the current ID. 
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Subthreshold conduction 
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Transconductance 
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Bulk transconductance 
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Bulk behaves as a second gate 
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Output resistance 
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Small signal model 

2015-01-19 IL2218 Analog electronics, advanced course    KTH/ICT/EKT P3 VT15  /BM 20 



Complete small signal model 
with capacitances 
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Explain the 
capacitances! 



How to make an amplifier out of this? 
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Any ideas? 


