Beyond classical circuit design
lecture 7

Gate internals continued
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Diffusion
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merging p+ -doped & n -doped

Equilibrium carrier densities

log(carrier density)

equilibrium

deiff — derift

Jndiff — Jndrift

---------------------

s - S S N BN N SN SN BN BN SN BN B B B S B e . .‘

«\

s N\
=\

TG :
-l-------------------i.--
:/

n =/

. B & N B B B B B B B B &8 B B &0 0B B B B | J.




Carrier densities

merging p+ -doped & n -doped
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Carrier densities

Al. box profile approximation
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Carrier densities

A2. depletion region: no free carriers

A3. all donors/acceptors ionized
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Carrier densities

neutrality NpWp, = NaWp,

carrier density

4 p Na
|
|
|
|
|
|
|

---------------------- r

T




charge density p

Charge density

A ND
+
—Wp, | +
- WDn
Nal
from Poisson 3—5 _ plz)
x £g




electric field £

A

Electric field

from Poisson

dE p(x)

dx £S




Potential

potential 1

A

s
’Q
’Q
S 4

- d
from Poisson % = —&(x)




Potential

potential 1

- d
from Poisson % = —&(x)

! I S
exelele) @
_WDP WDn



Potential

potential 1

s
’Q
’Q
S 4

- d
from Poisson % = —&(x)




potential 1

llllllllllllllllllllllllllllllllllllllllll

Decrease barrier

lllllllllllllllllllllllllllllllllllllllllllllll
L4




Forward bias
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Increasing VGB...

-> Electric field -> Depletion Region
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... further increasing...

-> Depletion Region & inversion starts at Vgp = Vi,
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... & further increasing
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MOSFET — channel potential
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MOSFET — channel shape
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MOSFET

Saturation Vg = 0V
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