
EE-320 – Exercise 2 Solutions - Fall 2024
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
For VGS < VTH = 0.7⇒ The device is off, ID = 0

For VGS > VTH = 0.7⇒ ID =
1

2
µnCox

W

L
(VGS − 0.7)2(1 + λ× 3) (VDS = 3)

Leff = Ldrawn − 2LD = 0.5µm− 0.16µm = 0.34µm

⇒ ID =
1

2
× 50

µA

V 2
× 50

0.34
× (VGS − 0.7)2 × (1.3)

= 4.8
mA

V 2
· (VGS − 0.7)2

VGS = 3 · V ⇒ ID = 25.4mA
VGS

ID

(VGS = 0.7) (3)

(25.4mA)

1



2

VGS = VDD − VX = 3− VX
VDS = VDD − VX = 3− VX
VSB = VX − 0 = VX

VTH = VTHO + γ × (
√
2φF + VSB −

√
2φF )

= 0.7 + 0.45(
√
0.9 + VX −

√
0.9)


0 < VX < 1⇒ VGS︸︷︷︸

3−VX

> VTH?

VX = 0⇒ 3− 0 > VTH︸︷︷︸
0.7

VX = 1⇒ 3− 1 > 0.7 + 0.45(
√
1.9−

√
0.9)

VGD = 0 < VTH︸︷︷︸
Positive

⇒ The device is in saturation

IX =
1

2
µnCox

W

L
(3− VX − 0.7− 0.45(

√
0.9 + VX −

√
0.9))2(1 + λ VDS︸︷︷︸

3−VX

)

IX =
1

2
µnCox

W

L
(2.72− VX − 0.45

√
0.9 + VX)2(1.3− 0.1VX)

gm =

√
2µnCox

W

L
IX(1.3− 0.1VX)

(or gm =
2 · IX

VGS − VTH

gm = µnCox
W

L
(VGS − VTH)(1 + λVDS) all three equations for gm are valid)
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