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VDS ↑=⇒ I ↑ ⇒
−→
E feild increases ⇒Charge moves faster; I increases;

VGS ↑=⇒ I ↑ because channel charges increases ⇒ R decreases.
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Qtot

L0
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L
)v
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L
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2
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2L
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V21 > 0      2 .  Drain
1 .  Source

V21 < 0 2 .  Source

1 .  Drain

Current flows from drain to source (N-Mos)

All voltages referred to Source.( )

0 L

QI

VGS
VGS - VDS

Gate to channel voltage is smaller 
at Drain than at Source.

V(x) - Channel potential w.r.t
Source
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ID

VDS

VGS

VDS = VGS - VT

ID = µnCox(
W

L
)((VGS − VT )VDS −

VDS
2

2
) 0 ≤ VDS ≤ VGS − VT

IDS = µnCox(
W

2L
)(VGS − VT )2 VDS ≥ VGS − VT

IDS = 0 VGS < VT

VGS − VT - Overdrive Voltage (bias after you turn it on)

☛ Square law Device : (Large W,L few µm)

Square law model valid for large Devices.
applications : Can be used in multipliers.

☛ ID ∝ W : reasonably accurate.
Current Density remains the same but I increases.

☛ ID ∝ 1/L : not exact;
Not quiet exact for short channels; for long channel FETs true.

☛ In triode regoin for very small VDS

ID ≈ µnCox(
W

L
)(VGS − VT )VDS VDS << VGS − VT

⇒ conductor or resistor; value can be varied by varying the bias.
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n+ n+
Source Drain
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L

L’

Region over which charge is 
present diminishes as we 
increase VDS

For long channel devices L-L’ is small compared to L;

due to decrease in effective 
Length

L

Large L

Small L

Electronically Variable Resistor :

µnCox(W/2L)(VGS − VT )2 L

L′(VDS)

L

L′(VDS)
=

L

L − ∆L(VDS)
=

1

1 −
∆L(VDS)

L

≈ 1 +
∆L(VDS)

L

A given change in length has smaller effect for longer channel

∆L

L
= 1 + Keq

VDS

L
= 1 + λVDS

µnCox(W/2L)(VGS − VT )2(1 + λVDS)
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In order to patch up for the dis-continuity we multiply current in 

VDS

I0

Discontinuity in Graph.

I0(1+λVDS).
multiplication factor 1+λVDS accounts for 

channel length modulation in saturation region

   

Discontinuity in graph

Triode region by (1+λVDS)
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