MOSFET

» Metal Insulator Semiconductor (MIS)
transistor

* Insulated Gate Field Eftect Transistor
(IGFET)

* Majority Carrier Device.
e Transistor
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MOS System Under External
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Detailed EGB for MIS
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Basic Charge Model 1

P-Type

Total Charge Concentration

p = q-(pp — 0, - Nb)

e N

Hole Concentration Electron Concentration  Net Doping Concentration



Basic Charge Model 2

Far from the surface p=0

Near the surface: 3-D Poisson’s Equation

d? d? d? —
W+ W+ Y= ——

.2 3 2 ~
dx dy dz €qi

Assume no variation in the y or x directions




Basic Charge Model 3

N-Channel Device the quasi-Fermi level of holes can
be assumed to be constant (‘Y>0)

Fermi Potential —— Oy

o N

Intrinsic carrier concentration Thermal Voltage
kT/q




Basic Charge Model 4

Application of VS or VD brings electrons out of
Equilibrium, denoted by the quasi-Fermi potential @

Channel Volt
III_(I)F_\; — annel voltage

Uy

Hp — l‘li.e
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Basic Charge Model 5

The doping concentration Nb 1s assumed constant 1n
the channel., VS, VD, Eox affects vanish
V=¥=(
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Basic Charge Model 6

Electrons Holes Fixed depletion charge
‘P—2 . (I)F—\-’v _ 11;
42 q Ny, Uy Uy
5V = -\ e — € + 1
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Basic Charge Model 7
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Basic Charge Model 8

| UT
Ez — sgn(lli)' f.F(-[If ’ 2.(I)F \ \)

Lp

F(¥,2-Dp, V) =
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Basic Charge Model 9
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Notice that as the channel voltage increases, it takes more

surface potential to research strong inversion, and
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Ap ply Gu‘9§§ ;ccumu ation of Holes

Y =0, F=0, Flatband

0<Y <<2D+V Weak inversion
(There 1s a small concentration of
electrons.)

Y >20+V Strong Inversion

—c..-Up U
= T- T-F("P,Z-(I)F,\;)

Lp Ip




We need to relate the Gate Voltage
(V) to the Surface Potential (V)

The Electric Field at the upper face:
Vg—® ‘Y

i ms S
o0X — t Metal Semiconductor Workfunctior
0X
Fixed oxide Charge /
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Capacitance

1 1
2 0.9
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C =
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Basic MOSFET operation

 n-channel

— A positive voltage 1s applied to the gate thus
attracting electrons which form a channel
between the two n™ source and drain regions

* p-channel

— A negative voltage 1s applied to the gate thus
attracting hole which form a channel between
the two p™ source and drain regions

20



Basic MOSFET operation

 n-channel

— Requires a gate voltage more positive than V.
to create an electron channel.

e p-channel

— Requires a gate voltage more negative thanV;
to create an electron channel.
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Basic MOSFET operation

sio,

Si
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Basic MOSFET operation

 depletion mode

— Already have a channel with zero gate voltage
and a negative voltage is required to turn 1t off.

 enhancement mode

— Requires a gate voltage larger than V. to
induce a channel.
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Basic MOSFET operation

« PMOS

— a p-type channel 1s created in a n-type substrate.

« NMOS

— an n-type channel 1s created 1n a p-type
substrate.
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Basic M,OSFET operation

|

| Pinch-off
/ /VD (Sat.)
/
Vg = +2
Vg = +1
Y




Examples

« Solve Example 8-1 except Na=1x10!"cm-3

» Solve Example 8-2 except use a 50A SiO,
layer.

26



