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« 28.1 Background

 28.2 Band diagram in equilibrium and with bias => MOScap
 28.3 Qualitative Q-V characteristics of MOS capacitor

« 28.4 MOScap Induced charges in depletion and inversion

« 28.5 MOScap Exact solution of electrostatic problem

MOS : metal oxide semiconductor
Can be capacitors or transistor

>90% of the markets

REF: Chapters 15-18 from SDF



Temperature Management as one of the

Grand Challenges in Electronics

MOSFET Now 272
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SO 1965 - Gordon Moore predicts e S
o the future of integrated circuits -
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Changed Human History



ﬁ*@%‘(«‘ ' Costs of 66 different technologies over time, 1930 to 2013
O
100,000
10,000 Wind Turbine (Dw*
1,000 )
~ Milk (US)
1007 W e B
N 0 PolyesterFibe
Uv 1 AUTOmotive( S)
...... 0.1 et ettegerte ot tooos
Refined Cane Sugar
0.01
0.001
0.0001
0.00001  Qur World
0.000001 in Data

0.0000001 https://ourworldindata.org/technological-progress

1930 1940 1950 1960 1970 1980 1990 2000 2013

Source: J. Doyne Farmer and Frangois Lafond (2016)

('

N

hx10% smaller

IxI0% larger
Changed Human History



Fundamental Transistor Operation
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e Explain the working principles of these devices
e Explain the physical processes in these devices 1970 1080 190 2000 2013



A Picture speaks a 1000 words - but:
These pictures should inspire a 1000 questions!
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Modern Devices are not planar - but 3D
These pictures should inspire a 1000 questions!




Modern Devices are not planar - but 3D
These pictures should inspire a 1000 questions!

30 electron density for Vd=0.6

© Gerhard Klimeck - https://en.wikipedia.org/wiki/File:Threshold_formation_nowatermark.gif



Basic Configuration of a MOSFET

S and D are far away->
could not work like a BJT
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Almost like a lateral bipolar transistor!

Insulators: Amorphous material -
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http://upload.wikimedia.org/wikipedia/commons/1/13/NPN_BJT_Basic_Operation_(Active).svg
http://upload.wikimedia.org/wikipedia/commons/1/13/NPN_BJT_Basic_Operation_(Active).svg

_? Enhancement Type
Requires a Gate-Source voltage, ( Vs )
e-—{ <« B . .
to switch the device “ON”.
_IS Equivalent to a “Normally Open” switch.

No channel
when Vg;=0

Depletion Type

Requires a Gate-Source voltage, ( Vg )
to switch the device “OFF".

Equivalent to a “Normally Closed” switch.

Channel
when V=0
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Background

Strained MOSFET High-k/metal gate MOSFET

Sources:

IBM J. Res. Devw.

= Google Images
High-k Intel website

__(,__.__f‘_'s.i.;con / | MOSFET begins to look a lot
— like double heterojunction HBT
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« 28.2 Band diagram in equmbrlum and with bias => MOScap

 28.3 Qualitative Q-V characteristics of MOS capacitor
« 28.4 MOScap Induced charges in depletion and inversic
« 28.5 MOScap Exact solution of electrostatic problem

REF: Chapters 15-18 from SDF
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= | «28.1 Background
| «28.2 Band diagram in equilibrium and with bias => MOScap i
= | «28.3 Qualitative Q-V characteristics of MOS capacitor

~ ¢28.4 MOScap Induced charges in depletion and inversion
> | ¢« 28.5 MOScap Exact solution of electrostatic problem

REF: Chapters 15-18 from SDF
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