
ECE 342 – Equations for Exam 3
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1. MOSFETs

NMOS PMOS

ID, VGS , VDS , Vtn > 0 ID, VGS , VDS , Vtp < 0

k′n = µnCox k′p = µpCox

Vtn = Vt0n +γn
(√

2φf + VSB −
√

2φf
)

Vtp = Vt0p +γp
(√

2φf + |VSB| −
√

2φf
)

Cutoff VGS < Vtn VGS > Vtp
ID = 0 ID = 0

Triode VGS > Vtn , VDS < VGS − Vtn VGS < Vtp , VDS > VGS − Vtp
ID = k′n

Wn
Ln

(
VGS − Vtn − VDS

2

)
VDS ID = k′p

Wp

Lp

(
VSG − |Vtp | − VSD

2

)
VSD

Saturation VGS > Vtn , VDS > VGS − Vtn VGS < Vtp , VDS < VGS − Vtp
ID = k′n

2
Wn
Ln

(VGS − Vtn)2 (1 + λnVDS) ID =
k′p
2
Wp

Lp

(
VSG − |Vtp |

)2
(1 + λpVDS)

2. BJTs

NPN PNP

Cutoff VBE < 0.4 V, VBC < 0.4 V VEB < 0.4 V, VCB < 0.4 V
IC = IE = IB = 0 IC = IE = IB = 0

Saturation VBE = 0.7 V, VCE = VCEsat = 0.3 V VEB = 0.7 V, VEC = VECsat = 0.3 V

IC = IS e
(VBE/VT ) − ISC e(VBC/VT ) IC = IS e

(VEB/VT ) − ISC e(VCB/VT )

βforced = IC
IB

∣∣∣
saturation

< β βforced = IC
IB

∣∣∣
saturation

< β

Forward VBE = 0.7 V, VBC < 0.4 V VEB = 0.7 V, VCB < 0.4 V

Active IC = IS e
(VBE/VT )(1 + VCE

VA
) IC = IS e

(VEB/VT )(1 + VEC
VA

)

IB = IC/β, β = α
(1−α) IB = IC/β, β = α

(1−α)
IE = IC/α, α = β

1+β IE = IC/α, α = β
1+β

Reverse VBC = 0.7 V, VBE < 0.4 V VCB = 0.7 V, VEB < 0.4 V

Active IC = −IS e(VBC/VT )(1 + VEC
VA

) IC = −IS e(VCB/VT )(1 + VCE
VA

)

IB = IC/β, β = α
(1−α) IB = IC/β, β = α

(1−α)
IE = IC/α, α = β

1+β IE = IC/α, α = β
1+β


