Summary of NMOS FET Mathematical Model Expressions
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Body-Effect or Substrate Sensitivity
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Threshold Voltage is V1 = Vig+Y(,/Vgg + 20 — ,/20¢)

V1o = zero substrate bias value of V1

vy = body effect parameter (V%)

2= = surface potential parameter
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Enhancement mode NMOSFETSs Viny >0

Depletion mode NMOSFETs V<0

Example: Given an NMOS transistor with V;5 = 1V, @z = 0.3V, y = 0.7V,
find V4 for vgg =0, 1,2, 3,4 and 5V respectively. (Ans. =1, 1.34, 1.59, 1.79,
1.96 and 2.11 V respectively.)

Use Viy = Vig+ Y(Veg + 20 —,/200) | :

for vgg =1V,
Vin = Voot Y(Veg + 20 —/2¢¢) = 1+0.7(J1+2x03-.42x03) = 1.34V

for vgg =4V,
Vin = Voot Y(Veg + 20 —./2¢¢) = 1+0.7(J4+2x03-.42x03) = 1.96V
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PMOS FET

To Obtain an inversion layer throughout the channel we must have
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Summary of PMOS FET Mathematical Model Expressions
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Threshold Voltage is | Vp = Vio=Y(,/Vgg* 20 — /20¢)

Enhancement mode PMOSFETSs Vip<0
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Depletion mode PMOSFETSs |V{p =0

Symbols of the p-channel MOS Transistor or PMOSFET
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Biasing the MOSFET
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Assume MOSFET is in saturation mode, so the drain current is
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Vps = Vpp—lpgR, = 10V —50pA [100kQ = 5V.
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Therefore, our assumption of the operating mode of the MOS transistor is
correct.

The Q-Point of the MOSFET is |l g, Vg Vg = 50UA, 5V, 3V |,

For load-line - |Vpp = IpsR, +Vpg OF 10 = 10°I 5+ Vpd
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