EECS 6.012 Fall 1999

Lecture 10

I. MOSFET Circuit Models

A. Large Signal SPICE Model - NMOS

¥Cutoff : ( VGS£V

Tn )----->ID = 0

¥Triode : (VGS‡V Tn andVDS£V GS -VTn )

¥Saturation : (VGS ‡VTn

andVDS

‡VGS -VTn )

. B. Backgate Effect

¥ The threshold voltage is a function of the bulk-to-source voltage

¥ whereVT O n is the threshold voltage withV BS = 0

¥gn

is the backgate effect parameter

ID W L ----Ł ł

� �m n Cox VGS VTn — VDS 2 -----------

— VDS =

ID W 2L ------ Ł ł � �m

nCox VGS VTn — Ł ł � �2 1 l nVDS + Ł ł � � =

VTn VTOn gn V— BS 2— f p 2— f p— Ł ł � � + =

gn 2qesNa Ł ł � � C ox ⁄ =

EECS 6.012 Fall 1999

Lecture 10

II. MOSFET Small-Signal Model

A. Small Signal Modelling Concepts

¥ Find an equivalent circuit which relates the incremental changes in

iD , v

GS , vDS , etc.

¥ Since the changes are small, the small-signal equivalent circuit has

linear elements only (e.g., capacitors, resistors, controlled sources)

¥ Mathamatically we perform a Taylor expansion around the DC

operating point (also called the quiescent point or Q point) defined

by the DC voltages Q(V GS , V DS ,VBS ): ¥ The total drain current in saturation:

iD = ( W/2L )mnC

ox (vGS

-VTn )2 (1 +l n v DS) =iD (vGS,v DS ,vBS ) where vGS =V GS +vgs ,iD =I D +id

¥ We want to �ndid = (?)v gs

If the small-signal voltage is really �small,� then we can neglect everything past the

linear term --

where the partial derivative is de�ned as thetransconductance,gm .

iD ID vGS ¶ ¶iD Q vgs

( ) 1 2 -- vGS 2 2 ¶ ¶ iD Q vgs

( ) 2 … + + + =

iD ID vGS ¶ ¶iD Q vgs

( )

+ ID gmvgs + = =

EECS 6.012 Fall 1999 Lecture 10

B. Transconductance

¥ The small-signal drain current due to vgs is therefore given by

id = g mvgs .

D

S

G

+_

B

VDS = 3V + _ VGS = 3 V

+ _ vgs

iD =ID + id