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Figure 5.1 n-Channel enhancement MOSFET showing channel length L and channel width W.g g g
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n-channel enhancementn channel enhancement
MOSFET in ohmic region
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Figure 5.3 For vGS < Vto the pn junction between drain and body is reverse biased and iD=0.g GS to p j y D
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Conductance ofConductance of
inverted channel
• Q’n = - C’Ox(VGC-VT)
• n’  = C’O (VGC-VT)/q  (# inv elect/cm2)n s = C Ox(VGC VT)/q, (# inv elect/cm )
• The conductivity σn = (n’s/t) q μn

G  (Wt/L)  ’  (W/L)  1/R  • G = σn(Wt/L) = n’s q μn (W/L) = 1/R, so
• I = V/R = dV/dR, dR = dL/(n’sqμnW)
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Basic I-V relationBasic I V relation
for MOS channel
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I-V relation for I V relation for 
n-MOS (ohmic reg)

( )W'Cμ ( )( )
tDSTGDS

2
DSDSTG

Oxn
D

  VVVV

for  Note  .VVVV2
L
W

2
CI

=−≥

−−
μ

=

ohmic
sat,DSTGDS

0'  V  At
physical.-non  is  result

  ,VVVV =≥ ID

ID,sat

non-physical

Lys,sat,DS

curr.  channel  that  assume

0n'  ,V  At ==

( )2Oxn

sat,DSDS

VVW'CI

VV for  const  is
μ

≥
saturated

L23 - 15Apr09 7

( )TGS
Oxn

sat,D VV
L2

I −
μ

= VDSVDS,sat



Figure 5.5 As vDS increases, the channel pinches down at the drain end and iD increases more slowly. g DS , p D y
Finally for vDS> vGS -Vto, iD becomes constant.
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Figure 5.4 For vGS >Vto a channel of n-type material is induced in the region under the gate. g GS to yp g g
As vGS increases, the channel becomes thicker.  For small values of vDS ,iD is proportional to vDS.

The device behaves as a resistor whose value depends on vGS.
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Universal drainUniversal drain
characteristic
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Characterizing theCharacterizing the
n-ch MOSFET
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Figure 5.6 Characteristic curves for an NMOS transistor.L23 - 15Apr09 12



Figure 5.2 Circuit symbol for an enhancement-mode n-channel MOSFET.g y
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Low field ohmic characteristicsLow field ohmic characteristics
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MOSFET circuitMOSFET circuit
parameters
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MOSFET circuitMOSFET circuit
parameters (cont)
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Substrate bias effect Substrate bias effect 
on VT (body-effect)
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Body effect dataBody effect data

L23 - 15Apr09 18Fig 9.9, Device Electronics for Integrated Circuits, 2nd ed., 
by Richard S. Muller and Theodore I. Kamins, Wiley, NY, 1986



Figure 5.7 This circuit can be used to plot drain characteristics.g p
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Figure 5.14 Drain characteristics and load line 
for the circuit of Figure 5.13.

L23 - 15Apr09 20



References and EndnotesReferences and Endnotes
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