
ESE3700 Lec 9 Preclass/Inclass Worksheet Spring 2023

Device Vgs Id

NMOS Vgs < Vthn (3× 10−7) e
Vgs−Vthn

40mV

Vgs > Vthn 1.8× 10−4 (Vgs − Vthn)

PMOS Vgs > Vthp (3× 10−7) e
−
(

Vgs−Vthp
40mV

)
Vgs < Vthp −1.8× 10−4 (Vgs − Vthp)

Consider an inverter:
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CMOS Inverter DC Transfer

Useful: e−1 ≈ 0.37, e−4 ≈ 0.02, e−7.5 ≈ 6× 10−4

1. Vdd=1V, Vthn=300mV, Vthp=-300mV.

Vin Ipmos Inmos ≈ Ipwr,gnd
0V A

140mV B

400mV C

500mV D

600mV E

860mV F

1V G

Approximate Ipwr,gnd ≈ min(Inmos, Ipmos).



Device Vgs Vds Id

NMOS Vgs < Vthn any (3× 10−7) e
Vgs−Vthn

40mV

Vgs > Vthn Vds < Vgs − Vthn 3.6× 10−4 (Vgs − Vthn)× Vds

Vds > Vgs − Vthn 1.8× 10−4 (Vgs − Vthn)

PMOS Vgs > Vthp any (3× 10−7) e
−
(

Vgs−Vthp
40mV

)
Vgs < Vthp Vds > Vgs − Vthp −3.6× 10−4 (Vgs − Vthp)× Vds

Vds < Vgs − Vthp −1.8× 10−4 (Vgs − Vthp)

Consider an inverter:
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CMOS Inverter DC Transfer

Useful: e−1 ≈ 0.37, e−4 ≈ 0.02, e−7.5 ≈ 6× 10−4

2. Vdd=1V, Vthn=300mV, Vthp=-300mV, assume steady-state operation at Vin given.

Vin Ipmos = Inmos = Ipwr,gnd Vout

0V A

140mV B

400mV C

500mV D

600mV E

860mV F

1V G

Approximate Ipwr,gnd ≈ min(Inmos, Ipmos).
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