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Rough physicalsense of FET operation
FET current - voltage characteristics.
Rough mathematical models of MOSFETs

old - fashioned mobility - limited model.
slighly less - old - fashioned velocity - limited model



N-Ghannel MOSFET
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Field-Effect Transistor Operation
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Field-Effect Transistor Operation
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N-Ghannel MOSFET
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Physical Sketch
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MOSEFET Physical Structure
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MOSEET I-V characteristics
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MOSEET I-V characteristics
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MOSFETS: Three Regions of Gate Voltage
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/ g | mobility-limited

h
almost off
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| y AV =v,L,/|u
gs
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When V, 1s less than threshold, transistor is (almost) oft : " subthreshold"

When ¥V, 1s a little above threshold, current is mobility — limited
]D,y o (Vgs o I/l‘h )2
When V 1s far above threshold, current is velocity — limited

ID,v oC (Vgs o I/th o AV)



MOSEFET DG Characteristics: Mohility-Limited Case
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mobility — limited current :

1y, =(uc, W, 12L )V, =V,) (L+ AV 55)

Appliesfor drain voltages larger than the knee voltage,



MOSEET DG GCharacteristics: Velocity-Limited Case
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velocity — limited current

]D,v — Covagvsat(l + AVDS )(I/gs o I/th o AV) AV — Vsa/Lg /lLl

Appliesfor drain voltages larger than the knee voltage,



DG Characteristics---Far Above Threshold
A
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(Vo =V —AV) for (V,,=V,)/ AV >>1
where AV =v L, /u

I, =c, W,

sat

We will ignore the AV termin ece2C, but please use

it in your more advanced classes.



Paramers and Typical #s

v . = saturation drift velocity ~ 10" cm/s for N - MOSFETs
1 = carrier mobility at surface ~ 300 — 400 cm?*/(V -s) for N- MOSFET

For P-channel FETs,bothv  and u are about half thatof N - FETs

= gate capacitance per unit area = €.&,/1 ( &.=3.81for S10,)

T . =equivalent oxide thickness - about 1nm =10" m
V, threshold voltage - - - usually 0.2-0.4 V for modern N - FETs

A gives slopeof outputcharacteristics:1/4 typically3-20V



Knee Voltage: Mobility-Limited Gase

constant-current

The knee voltage defines the boundary between
the Ohmic and constant - current regions

I increasing
Ves

In the mobility - imited regime, p —p _ Vos

GD th
the knee in curve occurs when .+_|

Vdg = Va’s o Vgs = _I/th

I R
The Knee Voltage is further increased by voltage Vep=Vu- ]

drops across the parasitic source & drain resistances.
I R



Knee Voitage: Velocity-Limited Gase

In the velocity - limited regime, the knee in curve
occurs when V, =v L, /u ._| ' Vs Vsak /M

L
Again, the Knee Voltage 1s further increased _ If

by voltage drops across the parasitic ._||: Vps L/
source & drain resistances.
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Which Model to use When ?

A  mobility-limited

Iy

velocity-limited
>

%
Vth J°

sat

Iy, -V, <AV where AV =v L, /u, usetheconstant - mobility model

Itv, -V, >AV ,usetheconstant - velocity model



Linear vs. Square-Law GCharacteristics: 90 nm
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Sorin Voinigescu, CSICS RF & High Speed CMOS, Nov. 12, 2008



;é- o )
s, ad g abosuf O.Z-0.3¥V

- 8 £
&y nm Ccwes, AV s zLoat
L & iV

,S"Jw*tf .
/jf; Z ./.‘c‘,'y’{( 5:4'0,{5! 4{3 «'%/i" /o

5.-4#'#"}/ .d?é' / ’{
/_7 fi" § Asorcs A#r W/;Z A
&rsa 4;:/(?#4 2-0/¢4
2 /‘ﬂ'

’f:f gl ffﬂ,/ ’I/f:f 2 ~5
5’ F S é‘fﬂ’ Zad i (



90 nm MOSFET DC Characteristics

Ips (MA/pm)

N - channel

g, W,=c,v, =14 mS/um=1.4S/mm

t

V. =06V 1/A~3V

P - channel

g, W,=c,v,=0.7 mS/pm=0.7S/mm

ox  sat

IV, 0.6V 1/A~3V
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180 nm MOSFET DC Characteristics

Device |-V Curves

50 — - —
VGS=250
40 . | ves~2250
— s cosH | | VGS=200m
30 B st ' 1" | voS-1i50
3 o > F 5 v — —-"_“"_'—M = e
o 1 bt ) SR ol (8
C ) WS i W
- = e VGS=120 ©
= A , rp——t WES= 1010
—— WGS=0.160
EEN 2 §
10 Sy

L LA L L L L B
2.0 )

= |
0.0 06 1.0 1.5 25 2.0 3.C 4.0

g,/W =c, v, =35mA/(2V-80um)
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P-Channel MOSFET
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P-Channel MOSFET
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P-Channel MOSFET
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