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Transistor Characteristics (N Channel)
Simple Square Law Equations
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Transistor equations including channel length modulation:

: 7 vp-Lo8\y 14a inch Off: a4
Triode: Imux,,z-(rcs- 1= )Vps(1+Avpg)  PinchOM:  Ipg = =2 ¥ (Voo V(1 + Avpg)

Body Effect 1y -nonzero Vg, changes the threshold voltage as:

V= Veot1l ﬁlo;{ + Vg~ ﬁ]q;;lj typically 2]¢F| = 0.7V Result: threshold is increased

Small Signal Parameters in Pinch-Off
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Diode Connection and Current Mirrors: Diode Connection: as M, below, connect drain and gate, hence
Vps = Vgs if Vpg> V. then always in pinch off. Small signal model with g = g +g,
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Cuurent Mirror: 1, = 1, if v,
impedance e.g., at

| = V,.Otherwise currents will not match exactly because of output

v,, ltis given by r, of M, . Can increase by using cascode or other types of mirrors.
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Gain Stages [Shown with NMOS Drivers)
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Gain Stages (Shown with PMOS Drivers) "_jh_:
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Small Signal Model
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